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Abstract
Quantitative estimation of water resources is indispensable when it comes to getting the sustainability of aquifers
through planning. This becomes an essential aspect in areas whose primary economic activity is agriculture, in which
ensure the availability of water means ensuring the sustainability of the societal and economic systems. This is the
example of the Cuellar Moor karstic aquifer, located in the international Duero watershed, in which more than 80% of
its surface is aimed to agricultural use.
The main goal of this research is the introduction of a new vulnerability index, which gathers together the
hydrogeological covariates and the spatial uncertainty associated with the estimation of groundwater level and nitrate
concentration. An optimized monitoring network to piezometric level and nitrate concentration control is required, as
well as, to determine the vulnerability associated with pumping wells.
Key words: Cuellar Moor, karstic aquifer, vulnerability index, spatial uncertainty, monitoring network.

INTRODUCTION
The international Douro watershed, which
extends between Spain and Portugal territories,
is formed in its central part by a large extension
of detrital materials. A set of calcareous moors,
whose sedimentary origin is due to watershed
clogging in the Pliocene, and which contain
free karstic aquifers developed through an
incipient dissolution of the cracking network.
The Cuellar Moor aquifer is located between
three rivers: the Douro on the North, Duraton
on the East and Cega on the Southwest. It
extends over an area of 543.5 km2, between the
Spanish provinces of Valladolid and Segovia
(Figure 1) (Alonso et al., 2015).
More than 80% of the area of the Cuellar Moor
aquifer is intended for agricultural activities,
which is a diffuse source of nitrate pollution
from fertilizers. Beside it, must be added the
numerous farms, especially with porcine
activity, which are distributed throughout the
moor and act as pockets of nitrate point
pollution from dung. Taking into account the

high pressures on nitrate pollution, together
with the Cuellar Moor aquifer being as a free
aquifer, the risk of contamination is very high.
Therefore, it is important to know the
distribution
of
nitrate
concentrations
throughout the entire aquifer, in order to
increase its monitoring in the most problematic
areas and to establish future actions for its
remediation. In the present work, a new
vulnerability index associated with spatial
uncertainty is presented, through the use of
Gaussian Sequential Simulation (SGS), in order
to locate the areas in which a greater
knowledge about the aquifer dynamics is
required. The joint evaluation of the associated
spatial uncertainty (standard deviation) to the
average spatial distribution will allow to define
an optimized monitoring network and to define
strategies of sampling and remediation. There
have been 100 simulations in which a different
random initial number has been introduced for
each of them.
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Douro Watershed

Douro River
Duraton River

Cega River
Figure 1. Cuellar Moor aquifer location

MATERIALS AND METHODS

of the square of the differences between all
pairs of points, which exist in the geometric
field, spaced at a h distance (Garcia Pereira,
1979; Goovaerts, 1997).
The graphical behaviour study of the variogram
provides an overview of the spatial variation of
the variable structure (Chica, 2005). One of the
parameters that provides that information is the
nugget effect (C0), which shows the behavior at
the origin (Garcia Pereira, 1979; Goovaerts,
1997). The other two parameters are the sill
(C1) and the amplitude (a) that define,
correspondingly, the inertia used in the
interpolation process and the influence zone of
the structure of the variable. The graphical
omnidirectional variogram obtained for the
nitrate concentration, as well as, the parameters
with which it has been fitted with a spherical
model, can be observed in Figure 2.
Sequential Gaussian Simulation (SGS)
The SGS begins by defining the univariate
distribution of the values, performing a normal
transformation of the original values to a
standard normal distribution. The normal
values simulation at the grid node location is
performed sequentially with a simple kriging
(SK). Besides the normal value variogram and
the mean Zero is used (Albuquerque et al.,
2014; Deutsch, 2002; Goovaerts, 1997).
Once all the normal values have been
simulated, they have been transformed back to
the original values. For calculating, the SpaceStatsoftware V. 4.0.14 (Biomedware, 2017)
was used.

To develop this study, two different
piezometric scenarios have been simulated: the
first one represents the maximum level of the
piezometric level within a hydrological year
(wet scenario), while the second one, represents
the lowest level (dry scenario) (Alonso et al.,
2015). The second map used is the distribution
of the nitrate concentration.
The initial nitrate concentration values have
been taken from 43 points: 36 sources located
in the perimeter of the aquifer and 7 quality
control points of the water belonging to the
Confederación Hidrográfica del Duero (CHD,
2016).
Variogram model
The variogram is a vector function applied to
regionalized variables (Matheron, 1970), whose
argument is the h distance vector which
quantifies the variance of the increments of the
first order function (Chica, 1987). The
experimental estimation of the function of the
experimental data set is performed using the
following formula:

where: Z (xi) and Z (xi + h) are the numerical
values of the observed variable at points xi, and
xi + h, and N (h) is the number of pairs formed
for a h distance. Therefore, it is the mean value
10

Spherical Model
C0= 30
C1= 1750
a = 4800

Figure 2. Variogram and adjustment parameters of the theoretical model

A distorted version of an estimation process is
the simulation result, which reproduces the
statistics of known data, making a realisticlooking at the model, but providing a low
prediction behavior. Even so, if a multiple simulation sequence is designed, it will be possible to
obtain more reliable probabilistic maps.
To perform the simulated scenario (SGS) for
Cuellar Moor aquifer, a first normal
transformation of the initial data was made.
Simple kriging with reverse transformation has
been used for interpolation. One hundred
simulations have been calculated in order to
obtain an average scenario (mean image - MI),
along with associated spatial variation.
This spatial variation is the spatial uncertainty,
which will be used to work on the
reclassification.
Reclassification
The three spatial uncertainty layers obtained
through the SGS process (piezometric level in
wet scenario, piezometric level in dry scenario
and nitrate concentration) have been reclassified into three values each. The interquartile
range (Q3 - Q1) has been chosen as the measure
which splits data series into three values. In this
way, data values lower than interquartile range
have been reclassified as 1 (X < Q1 = 1). Data
values between interquartile range have been
reclassified as 2 (Q1< X < Q3 = 2) and data
values above the interquartile range have been
reclassified as 3 (X> Q3 = 3) (Table 1).

the wet piezometric scenario layer plus the
nitrate concentration and, on the other, the dry
piezometric scenario layer plus the nitrate
concentration layer.
Both sums results are a scale from 2 to 6, where
2 represents the minimum vulnerability, value
associated with uncertainty, and 6 is the
maximum value.
In this way, a vulnerability index is obtained
with five values, as shown in Table 2.
Table 2. Reclassification values and assigned
denomination
Value
Denomination
2
Very low vulnerability
3
Low vulnerability
4
Average vulnerability
5
High vulnerability
6
Very high vulnerability

RESULTS AND DISCUSSIONS
The vulnerability index, associated with spatial
uncertainty, measures the degree of uncertainty
associated with the estimation of several
surfaces as a whole. It also provides, a global
point of view on the aquifer areas which need
further study. In the case of the Cuellar Moor
aquifer, the used uncertainties have been the
associated with the piezometric level
estimation, both wet and dry scenario, and the
associated
with
nitrate
concentration
estimation.
The resulted uncertainty map is a tool that
allows to study more in detail management
actions which must be carried out on this
aquifer.
This vulnerability index is not intended to
indicate which areas are most vulnerable to
pollution. However, its purpose is to point out
areas where there is less knowledge about
aquifer dynamics. For example, if a

Table 1. Reclassification roles and assigned value
Reclassification rule Value
X < Q1
1
Q 1 < X < Q3
2
X > Q3
3

Once the three layers have been reclassified,
have been added as follows: On the one hand,
11

Summarizing,
the
vulnerability
index
associated with spatial uncertainty, allows to
locate areas in which further monitoring is
required, in order to strengthen pollution
control and prevention measures. Then, actions
carried out on aquifer highest vulnerability
areas should be restricted, at least, until more
detailed knowledge is available.
In the specific case of the Cuellar Moor aquifer
both scenarios wet and dry are very similar
(Figure 3). The highest vulnerability values
associated with spatial uncertainty appear in the
most peripheral areas of the aquifer. Special
care should be taken in the northern area, where
is located an environmentally protected area:
the Site of Community Importance "El
Carrascal" (Alonso et al., 2015). Moreover, it is
one of the aquifer area with a significant
mining activities and an increase in monitoring
becomes even more necessary.

vulnerability index is used, it will indicate in
which areas special measures to prevent or
reduce the contamination must be taken.
However, the vulnerability index associated
with uncertainty is pointing to areas with a
more accurate about nitrate pollution is
required. Therefore, the first step to prevent or
reduce pollution will be to increase the
monitoring of areas in which there is a high
uncertainty.
On the other hand, it is a more meticulous
method that allows to accurately locate microzones within the aquifer in which specific
monitoring is required, regardless of the overall
aquifer dynamics.
High vulnerability associated with uncertainty
areas suggests a high uncertainty relatively to
estimated nitrate concentration and to estimated
piezometric level. This is interpreted as a high
uncertainty in the water flow micro dynamics
in those specific aquifer areas.

a)

b)

Figure 3. Vulnerability associated with uncertainty: a) in wet scenario; b) in dry scenario
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5. The lowest vulnerability areas, associated
with the spatial uncertainty, are located in
the centre of the moor, and are associated to
a greater knowledge of the aquifer
dynamics.

On the opposite side of the aquifer, in
southeast, there is an highest vulnerability area
associated with spatial uncertainty (Figure 3).
Monitoring this area with a good planning is
essential insomuch as the preferential water
flow within the aquifer occurs from southeast
to northwest (Alonso et al., 2015). Therefore,
nitrate contamination resulted in that area, will
be carried to the environmentally protected area
“El Carrascal” by the preferential water flow.
On the contrary, the lowest vulnerability area
associated with uncertainty corresponds to the
central zone of the aquifer (Figure 3), as the
area with the greatest thickness of limestone
(Alonso et al., 2015). This area has the highest
hydrogeological interest and consequently the
most monitorization actions.
Karstic aquifers function as a complex system
in which actions in certain areas can influence
other parts of the aquifer, without the need for
the two points to be located in a nearby area.
For this reason, a good knowledge of each
point of the aquifer is so necessary in order to
ensure that areas with a greater hydrogeological
interest maintain a good status, both qualitative
and quantitative.
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CONCLUSIONS
The following conclusions have been drawn
from this study:
1. The vulnerability index associated with the
spatial uncertainty is used to indicate areas
with a less knowledge of aquifer dynamics.
2. The areas with highest vulnerability index
must be monitored in order to have a better
understanding of nitrates dispersion.
3. In the Cuellar Moor aquifer, the highest
vulnerability associated with spatial
uncertainty occurred in the southeast area,
coincident with water flow arises.
4. Monitoring must be increased in the
environmentally
protected
area
"El
Carrascal", since it has a high vulnerability
and receives a preferential water flow from
the high vulnerability area located on the
southwest.
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Abstract
Conservative agricultural system is a generic term utilized to define different modalities or agricultural management
practices to land use in view sowing crops. The purpose of this paper is to agrophysics quality assessing and soil
moisture by application of the conservative system of soil tillage No-till in Republic of Moldova. Conservation of soil
tillage system offers more favorable conditions dense root system of plants (Aon et al., 2001; Barzegar et al., 2004)
compared to hoes crops (maize). In this conservative system of work of carbonate chernozem (No-till) occurs water
conservation under depth of 60 cm. According to planning for the year 2016 at the experimental resort Chetrosu were
founded research polygons with conventional and conservative work of the soil - No-till within the stationary with crop
rotation and permanent crop - maize. Crop rotation and research variants for the agricultural years 2014-2015 and
2015-2016 are presented in Table 1. Soil water reserves in the vegetation active phases of the autumn wheat were lower
in compacted layers compared to the adjacent horizons (Boincean, 2013; Rusu et al., 2013). To moisture available to
plants (17-20%) compared to 12-13% of withering coefficient, soil moisture and penetration resistance negatively
correlated (r = 0.6-0.7).
Key words: agrocoenoses, crop rotation, No-till, soil moisture, Republic of Moldova.

INTRODUCTION

the years 1989 to 1991 (Boincean, 2013;
Cerbari, 1997).
In these circumstances it recorded an increase
year on year, imports of food products. In
addition, it is unanimously recognized that
practiced conventional agricultural system is no
longer profitable involving new and new
production expenses. As a result, sharply were
reduced farmers' incomes and increased the
poverty. However, it also caused a number of
serious environmental problems. Thereby, at
present there is growing demand for
replacement to thereof with a more efficiently
agriculture conservative system ensure the long
term sustainable use of land, preventing and/or
minimizing soil degradation, restoring both its
productive capacity and resilience, and support
processes of life (www.icpa.ro).
Conservation agriculture as a form of
sustainable agriculture should become part of
any strategy and agrarian policy and
environmental protection of any strategy and
policy that provides long term assurance of
food and water in sufficient quantity, quality

Agriculture practiced in Republic of Moldova
currently faces a number of major problems
that seriously affect rural development.
Following the extension of soil degradation
processes due to conventional agriculture and
technological mistakes, throughout the years,
were studied and implemented in practice socalled conservative agricultural technologies.
These
conservative
technologies
have
significantly contributed to strengthening and
improvement of soil fertility and productivity
and
consequently
other
environmental
resources (Guș, 1997).
The
most
important
component
of
technological of conservative systems, as in
case of conventional is represented by soil
tillage - module gas raising, the processing and the introduction of the seed (www.icpa.ro).
According to some official data of global
agricultural production volume decreased by
about 35% in the first half of the 90 s and 20%
in the second half, now being less than half of
14

Its introduction has been determined, of the one
part, the fact that intensive work of the soil in
addition to the positive consequences
immediately generated and amplified various
negative processes whose remaining effects
have been accumulated over time leading to
increased soil degradation, especially in arable
and under arable layer, and on the other, the
technical progresses achieved in the field of
mechanization in the construction of
performance agricultural machinery, both for
soil loosening as well as for sowing, as well as
the successes achieved in the branch of plant
protection products for the efficient control of
weeds, diseases and pests. Therefore, it is an
alternative that would lead both to the removal
of at least some of the risk factors and their
negative consequences and to reduce the
difference between natural agroecosystems and
of artificial strong. The economic crisis and
rising prices of fuel and lubricants are also
factors that favored definition of the concept
about the conservatively agricultural system
(Gus, 1997; Boincean, 2013; Rusu et al., 2013).
The research results showed that in the initial
phases of active biological development of
autumn wheat (first decade of May) soil
moisture under plowing constituted at 18-20%
(Figure 1) under the conservative work was
approx. 2% less than since the plants here were
better developed.

and affordable for the entire population
(Cerbari, 1997; www.maia.gov.md).
Promoting the system of conservation
agriculture in variants adapted to soil
conditions and requirements of main crops in
the region to ensure competitive production
quantity and quality, lower-cost and high
returns in terms of improving characteristics
and functions of soils within the agroecosystems, renaturation and reproductive
extended
pedogenesis
process
and
environmental protection (Boincean, 2013;
Rusu et al., 2013; www.maia.gov.md).
MATERIALS AND METHODS
Organizing a natural crop rotation should take
account of economic and organizational
conditions and agrobiologic conditions of the
plants. If natural conditions for economic unit
are generally known at the beginning of each
agricultural year the economic agent should
analyze
economic
and
organizational
conditions and agrobiologic requirements of the
plants to achieve the most effective crop
rotations (Cerbari, 1997).
In the year 2016 have been founded seven
fields with comparative works - plow land and
conservation work (No-till), by 3 agrocoenoses autumn wheat, sunflower maize repeated crop
and maize in crop rotation.
All research variants include comparative
agroecosystems - plow land and No-till (Aon et
al., 2001; Boincean, 2013; Rusu et al., 2013).
The experience includes basic crops practiced
in Republic of Moldova.
According the proposed objectives (the year
2016) in the research polygon Chetrosu was
investigated: the moisture, reserves of soil
moisture in traditional systems of soil tillage
(plowing) of conservative works for the next
agrocoenoses: sunflowers, predecessor autumn wheat; autumn wheat, predecessor - the
bean; maize into crop rotation, predecessor maize; permanent crop maize.
RESULTS AND DISCUSSIONS
Conservative agricultural system is a generic
expression used to define different modalities
or practices in agricultural management of land
use in view sowing crops.

Figure 1. Soil moisture (%) in the traditional system
(plowing) and conservatively of soil tillage (No-till)
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Comparative data of soil moisture in mm does
not highlight water conservation in the layer of
0-50 cm, but the evaluation of the data for the
depth of 60-120 cm shows that humidity has
been used more productively by 2-3% higher in
the variant No-till (Aon et al., 2001; Rusu et al.,
2013), comparison with plowed variant (Figure
1 and Figure 2).
Crop rotation and research variants for the
agricultural years 2014-2015 and 2015-2016
are presented in Table 1.
Estimated economic effects of the application
of conservation agriculture system consist in
achieving productions, at worst case practically
equal to those obtained in the conventional
technology (95-100%) while reducing the
number of mechanical works by replacing
plowing and preparatory work of germinating
bed with little works or direct sowing, which
reduces fuel consumption by about 30%, of the
consumption of workforce by 20% and
increased productivity by 50%.

Over a month (June), moisture in the upper of
the soil profile in agrocoenoses at autumn
wheat crop version with plowing have 9-15%
or 72 mm in the layer of 0-50 cm. Moisture in
May-June - 114 mm as shown in Figure 2.

Figure 2. Variation of soil moisture (mm) in
agrocoenoses in May-July, 2014-2016

Table 1. Crop rotation in the research variants for agricultural years 2014-2016

On this path the profile is expected to increase
more than 15% compared with conventional
technology.
The results of soil moisture change along with
the agrocenosis development are most visible
to the expression of soil moisture in mm
(Figure 2). Comparative evaluation of soil
moisture reserves at beginning of active period
of vegetation (month of May) for various
agrocoenoses show: 113-114 mm autumn
wheat (Figure 2). The data obtained in June,
indicating preservation of soil moisture (72 mm
compared to 61 mm) in maize, version with
No-till conservation work. The results show

Plowing

No-till

Grain maize
(3)

No-till

Grain maize
(2)

Plowing

No-till

Plowing

No-till

Autumn
wheat (2)

Plowing

Grain maize
(2)

No-till

Beans
(2)

Plowing

Field no. 7

No-till

Field no. 6

Plowing

No-till

Plowing

Field no. 5

Agricultural years 2015-2016
Grain maize
Autumn wheat (2)
(1)

No-till

No-till

Maize single
culture

Plowing

No-till

Field no.4
Agricultural years 2014-2015
Maize single
Grain maize
culture
(1)

Plowing

Field no.3

Plowing

No-till

Plowing

No-till

Sunflower

Autumn
wheat (1)

Plowing

No-till

Beans
(1)

Plowing

Autumn
wheat (1)

No-till

Field no.2

Plowing

Field no.1

different water conservation by agricultural
system applied and the agrocoenoses, type root
system (Barzegar et al., 2004; Rusu et al.,
2013).
It should be noted that the assessment of soil
moisture be expressed both in % and in mm,
and the soil moisture content requires research,
not only in the superficial layer (0-50 cm), but
the whole layer of the soil (Figure 1) since the
water in the surface layer is actively consumed
of the root system.
It was established that the reserves of soil
moisture in agrocoenoses of sunflower, maize
permanent crop, maize in the crop rotation
16

Usually, the total moisture reserves calculations
were performed at steady state of the soil
(April, May).
Hoes crops these trends are manifested weaker
after total moisture reserves of 0-50 cm of soil
layer. Comparative evaluation of soil water
content of agroecosystem with autumn wheat,
month of May and July are shown in Figure 1.
At the same time, it is expected to improvement
and capitalization rain water by 10%, reduce
vulnerability to drought and water consumption

during periods of intensive development of
plants (Barzegar et al., 2004; Guan et al., 2015)
are lower than in the early period of vegetation,
water conservation trend.
Differentiations most significant research
variants were found in autumn wheat, where
moisture reserves in the 0-50 cm layer was 84.2
mm in the plowed variant and 104.2 mm in the
No-till variant, the end the vegetation period in
July (Table 2).

Table 2. Soil moisture, % depending on tillage system and agrocoenoses,
in the Chetrosu Research Station - on July 6, 2016
Depth, cm
0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100
100-110
Total
Depth, cm

Sunflower (predecessor - autumn wheat)
Field no. 1
Plowing
No-till
%
mm
%
mm
11.6
13.5
11.2
15.0
11.1
13.1
12.1
16.6
12.6
16.0
13.1
17.4
13.0
16.1
14.9
19.7
13.1
16.5
16.5
19.1
13.7
17.6
15.8
18.0
16.8
18.0
16.3
17.7
17.6
17.2
17.1
17.4
75.2
87.8

Autumn wheat (2) (predecessor - beans)
Field no. 5
Plowing
No-till
%
mm
%
mm
15.1
19.3
15.7
19.6
12.8
15.6
15.8
21.2
13.1
18.1
15.4
21.1
11.7
15.9
15.4
21.1
11.3
15.3
16.4
21.2
10.7
14.3
10.8
12.3
10.3
12.1
10.2
11.6
10.1
11.3
9.6
11.3
84.2
104.2

Maize (predecessor - 2nd year maize of use)
Field no. 4

Permanent crop - maize (35 years)
Field no. 3

Plowing
%
11.6
15.0
15.8
17.3
18.0
17.9
17.6
17.5
17.4
16.7
16.1

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100
100-110
Total

No-till
mm
13.7
18.0
18.0
19.9
21.2
90.8

%
11.2
13.5
15.4
17.2
17.9
18.2
18.0
18.1
17.6
17.5
17.5

Plowing
mm
14.1
18.5
19.6
19.4
20.8
92.4

to irrigation which contribute to increased
productions stability by 10-20% as well as
improving characteristics and functions of soil
by increasing the surface content by reducing
of polluted surface runoff.
Speaking of soil conservation tillage system,
from Republic of Moldova researchers stressed
that crop rotation is productive provided that of
soil tillage systems are implemented

%
12.4
13.6
14.9
15.1
18.0
18.3
18.3
18.1
18.2
17.1
16.8

No-till
mm
13.3
15.2
16.4
17.8
19.9
82.6

%
13.4
13.8
13.5
14.4
16.6
18.3
19.1
19.4
19.0
18.4
17.4

mm
18.9
19.2
18.5
18.3
20.3
95.2

simultaneously, fertilization, of weed control,
diseases and pests.
They noted that in the conditions of our
country, 80% of agricultural lands are located
on slopes, claiming that on these lands is
necessary to apply erosion control technologies
of soil tillage.
They provide minimal soil work to maintain
partial or total of vegetal waste on the soil
surface.
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The variant No-till of soil tillage it provides
direct sowing in the stubble or on the field with
crop residues of the preparatory plant.
It needs a transition period of 5-7 years for the
system of conservation agriculture to balance.
During this period, from various causes, the
actual production capacity of soils may be
lower than for the use thereof as conventional
agriculture (Cerbari, 1997; 2010).
Conservation agriculture contributes to the
creation and storage of organic matter in the
soil being an important method of carbon
sequestration and conservation. This result
contributes to a more productive soil, better
protected from wind and water erosion and that
requires less fuel for the seedbed preparation.
We must go to another level in the regarding
the conservation by focusing on soil quality
(Rusu et al., 2013).

contributing to the reduction land degradation;
conservation agriculture system is not suitable
for compacted soils, which first require
aeration.
In the phase of herringbone (in May) was
recorded conservation of water reserves on the
autumn wheat version - No-till, directly
influenced by the physiology of plant growth
and water availability.
In of pedologic drought periods conservative of
soil tillage systems No-till conserved important
water accessible at agrocoenoses on maize repeated culture.
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CONCLUSIONS
Application of the conservative system of soil
tillage No-till in Republic of Moldova require
complex adaptation to specific soil conditions,
climate, agrocoenoses, plant protection
technology and agroecosystem surface,
conditions and technological methods of soil
water conservation.
It was established that soil disturb in the agroecosystem expressed by moisture, significant
reflecting precursory and conservative of soil
tillage system offers more favorable conditions
root system of dense plants, compared with
hoes crops (maize, beans).
In the conservative system of work of
carbonate
chernozem
(No-till)
occurs
conserving water under depth of 60 cm.
In assessing available water of plants from
conservative of soil tillage system a significant
role belonging reserves located below a depth
of 1m.
Soil water reserves in the active phases of
vegetation of autumn wheat were lower in the
compacted layers compared to the adjacent
horizons.
According to the concept of European
Commission on Agriculture and Sustainable
Development - Conservation agriculture aims
to increase agricultural production through the
integrated management of the land fund,
optimizing the use of natural resources and
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Abstract
The present work aims to determine in which way the sensory profiles of the Feteasca regala white wines are affected
by treatments with various antioxidants under normal wine cellar conditions and whether the changes induced are
perceivable by tasters. The tested antioxidants were the reduced glutathione (GSH) and ascorbic acid (AA), both added
during the fermentation of Feteasca regala musts, and also catechinic tannin and carbon dioxide added in the young
wines during bottling.
The GSH in doses of 0, 20 and 40 mg/l was added in the must just before fermentation, with or without an addition of
50 mg/l AA. The following 50 l variants were thus obtained: G0, G20, G20A50, G40 and G40A50. The young wines
were then racked and bottled, adding in each variant during the bottling process either 0 or 20 mg/l catechinic tannin
(T0 and T20) and using or not carbon dioxide for protection against oxygen. The main sensory parameters of wines
were analyzed by using a protocol developed in our laboratory and also ranked by using the OIV-UIO score sheet for
wine contests. Sensory profiles for each variant were obtained and discussed. The parameters which affected the
sensory profiles of the wines were statistically analyzed for groups of samples containing the same type of treatment, to
determine the treatments with significant influences on the sensory parameters.
It was observed that in normal cellar conditions, where protection against oxygen is difficult to maintain in all
winemaking stages, the GSH did not improve the aroma intensity and the floral scent perceived in the wines treated, the
control wines scoring better for these parameters. The dose of 40 mg/l GSH improved both parameters as compared to
the dose of 20 mg/l, but they were still under the values of the control samples. Also, the GSH used without AA
increased the perception of bitterness, while in the presence of AA the bitterness induced by GSH was diminished. The
tannin did not change the bitterness or the intensity of aroma, but influenced the floral scent, which was better
perceived in the samples treated with it. Carbon dioxide treatments during bottling did not have a significant influence
on any of the tested parameters.
Key words: glutathione, ascorbic acid, catechinic tannin, sensory analysis.

INTRODUCTION

them differ, too. On one hand, AA reacts with
soluble oxygen, but forms hydrogen peroxide
(Bradshaw et al., 2003; Scollary, 2002;
Bradshaw et al., 2011), which can be even
more detrimental then O2 and sulphur dioxide
is necessary to limit this effect. However, the
combination of AA with SO2, although highly
important to prevent many detrimental actions
of AA in wines, does not prevent the formation
of certain phenolic pigment precursors (Barril
et al., 2012) and possibly the oxidation of
several aroma compounds too.
On the other hand GSH itself, although is an
effective antioxidant, during its consumption
generates degradation products which can

Glutathione (GSH), ascorbic acid (AA),
catechinic tannin (T) and carbon dioxide (CO2)
are usually used in white wine technologies in
order to preserve for a longer time their
primary and fermentation aroma. They are all
naturally occurring in wines and are usually
supplemented when necessary to act as
complementary antioxidants to sulphur dioxide
and to ensure the protection of sensitive
compounds against the detrimental effect of
oxygen. These antioxidants have various
mechanisms of reaction in wine, thus the final
composition and sensory properties related to
19

are based on (+)-catechin, epicatechin and
epicatechin gallate units (Prieur et al., 1994)
and are known to contribute to wine bitterness
and/or astringency (Cheynier et al., 2006). The
addition of tannins proved beneficial in
maintaining the ester concentrations over
certain levels in wine stored for 1 year (Sonni
et al., 2011b), likely due to their oxygen- and
radical-scavenging ability (Danilewicz et al.,
2008), as also suggested in other papers, where
the tannins were added before fermentation
(Sonni et al., 2009).
Interactions of various types of tannin with
aroma compounds can also affect their
volatility in different ways correlated with the
concentration and type of tannin, thus
influencing the overall aroma intensity and
quality perceived (Mitropoulou et al., 2011).
Taking into account all these complex
mechanisms and the difficulty to predict the
evolution of wines under certain treatments,
this research attempted to narrow down for
further studies the effects of those antioxidants
and their combinations and the sensory
perceivable beneficial effects in white wines.

induce oxidative coloration in model wines
(Sonni et al., 2011a), which is a sign that the
aromatic profile may be affected too. Recent
studies also showed that the combination of
ascorbic acid and glutathione under some
specific conditions may act as pro-oxidants in
the wine matrix (Wegmann-Herr et al., 2015;
Cojocaru and Antoce, 2016).
These added antioxidants also have an impact
on the speed with which the dissolved oxygen
is consumed. For example, some authors
showed that the most active compound which
reduces the dissolved oxygen is the SO2,
followed by AA, and GSH (Comuzzo et al.,
2015). Other studies (Grant-Preece et al., 2013)
also showed that the consumption of dissolved
oxygen in wines preserved with SO2 and other
compounds is slower in the case of high
concentrations of GSH added (174 mg/l) and
faster in the case of 100 mg/l AA added. GSH
however, occurs naturally in musts and wines
in small concentrations, the maximum identified
being 35 mg/l (du Toit et al., 2007) and its
supplementation in musts and wine is only
permitted by the International Organisation of
Vine and Wine in doses of maximum 20 mg/l
(OIV, 2016). Since it was under consideration
and later approved as a valuable oenological
practice, the studies of the effects of addition of
glutathione in wine increased, extending also to
sparkling wines (Webber et al., 2014, 2017).
As in the case of AA, the combination of GSH
with sulphur dioxide is required. According to
Panero et al. (2015), unlike AA and oenological
tannins, the presence of GSH does not increase
the consumption of SO2, showing that the
combination can ensure a longer protection.
Moreover, in the mechanisms of these
antioxidants the catalytic role of metals cannot
be disregarded either (Danilewicz, 2003, 2012).
Thus, it is known already that some of these
compounds used for wine protection have, in
certain conditions, not only antioxidant
behaviours, but also pro-oxidant actions.
Tannins are natural antioxidants too and their
usage is more common in wine. Exogenous
addition is used mainly in red wines, but it is
also used in white wines or in sparkling wines
(Fracassetti et al., 2016.). Several types of
tannins are known, but in this study we used
tannins extracted from the tea plant, which are
very close to the tannins from grape seeds and

MATERIALS AND METHODS
The wine samples were prepared in September
2015 at the Department of Viticulture and
Enology of the University of Agronomic
Sciences and Veterinary Medicine of Bucharest
from the Feteasca regala grapes cultivated in
the experimental field.
The must was obtained by classical technology
(using open destemmer-crusher and hydraulic
bladder wine press equipment from Enoveneta,
Italy) and left for 24 h to decant and clarify at
10°C. The clarified free-run must was then
introduced in 5 stainless steel 50 l tanks, treated
with glutathione (Carl Roth GmbH, Lglutathione reduced, purity min. 98% for
biochemistry) and ascorbic acid (Carl Roth
GmbH, L(+)-ascorbic acid ≥99 %, p.a. for
biochemistry) in various concentrations. Physicochemical parameters of the clarified free-run
must were: 21.6% Brix; 82.65 meq/l total
titratable acidity; pH 3.33 and 135 mg/l for
YAN. The fermentation was performed with
Saccharomyces cerevisiae Premium blanc 12 V
yeast (Enologica Vason) with 20 g/hl activator
(V Starter TF, Enologica Vason) added to
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achieve a YAN in the optimum range (Cojocaru
and Antoce, 2014).
After 3 weeks of alcoholic fermentation, the
resulted wines were racked and treated with 70
mg/l sulfur dioxide and then held for another
nine weeks at low temperature just above 0°C
to achieve a better clarification and
stabilisation. Then the wines were racked and
bottled, each variant being additionally treated
with a dose of 25 mg/l SO2, with or without 20
mg/l catechinic tannin (Ti Premium, Enologica
Vason) and/or filled with carbon dioxide
(purity 99.99%) at the time of bottling. The
treatments are described in Table 1.
The wines were evaluated in March 2016, 3
months after bottling.
The physico-chemical parameters of the wine
variants are included in Table 2. The
parameters determined were: the alcoholic
strength (% vol. alc., OIV-MA-AS312-01A),
total acidity (TA, meq/l, OIV-MA-AS313-01),
pH, volatile acidity (VA, meq/l, OIV-MAAS313-02), free SO2 (ppm, OIV-MA-AS32304A), total SO2 (ppm, total OIV-MA-AS32304A), dry extract (g/l, OIV-MA-AS2-03B),
reducing sugars (g/l, OIV-MA-AS311-01A and

non-reducing extract (g/l, OIV-MA-AS2-03B).
The concentration of glutathione was not
evaluated.
Table 1. Sample codes and antioxidant treatments
Sample
Tank/Sample cod
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Additive coding
Time of addition
G0_A0_T0
G20_A50_T0
G40_A50_T0
G20_A0_T0
G40_A0_T0
G0_A0_T20
G20_A50_T20
G40_A50_T20
G20_A0_T20
G40_A0_T20
G0_A0_T0_CO2
G20_A50_T0_CO2
G40_A50_T0_CO2
G20_A0_T0_CO2
G40_A0_T0_CO2
G0_A0_T20_CO2
G20_A50_T20_CO2
G40_A50_T20_CO2

G20_A0_T20_CO2
G40_A0_T20_CO2

*(bottle head-space filling)

Gluta- Ascorbic Catechinic
Carbon
tannin
acid
thione
dioxide*
(mg/l)
(mg/l)
(mg/l)
G
A
T
CO2
Winemaking
Bottling
0
0
0
no
20
50
0
no
40
50
0
no
20
0
0
no
40
0
0
no
0
0
20
no
20
50
20
no
40
50
20
no
20
0
20
no
40
0
20
no
0
0
0
yes
20
50
0
yes
40
50
0
yes
20
0
0
yes
40
0
0
yes
0
0
20
yes
20
50
20
yes
40
50
20
yes
20
0
20
yes
40
0
20
yes

Table 2. Physico-chemical parameters of Feteasca regala wines, 3 months after bottling
Sample cod
G0_A0_T0
G20_A50_T0
G40_A50_T0
G20_A0_T0
G40_A0_T0
G0_A0_T20
G20_A50_T20
G40_A50_T20
G20_A0_T20
G40_A0_T20
G0_A0_T0_CO2
G20_A50_T0_CO2
G40_A50_T0_CO2
G20_A0_T0_CO2
G40_A0_T0_CO2
G0_A0_T20_CO2
G20_A50_T20_CO2
G40_A50_T20_CO2

G20_A0_T20_CO2
G40_A0_T20_CO2

% vol.
alc.

TA,
meq/l

pH

VA,
meq/l

Free SO2,
ppm

Total SO2,
ppm

Total dry
extract, g/l

Reducing
sugars, g/l

Non-reducing
extract, g/l

13.70
13.60
13.70
13.70
13.80
13.80
13.80
13.65
13.85
13.60
13.70
13.65
13.80
13.70
13.80
13.80
13.80
13.55
13.80
13.70

52.97
53.56
52.87
54.05
54.15
53.36
52.87
52.67
54.55
53.86
52.77
53.66
52.27
53.95
55.83
54.15
53.36
52.97
54.35
54.25

3.48
3.50
3.53
3.50
3.51
3.53
3.52
3.52
3.51
3.52
3.53
3.53
3.50
3.50
3.52
3.52
3.52
3.52
3.54
3.52

5.64
5.37
5.55
5.38
6.80
6.89
7.45
8.05
7.11
6.93
5.49
4.96
7.20
7.73
7.42
6.08
6.00
7.45
7.54
7.31

18.05
22.52
24.68
18.67
17.59
19.59
28.54
31.94
22.99
18.67
28.54
29.00
38.11
28.39
31.63
26.38
31.32
32.71
28.39
25.92

122.50
130.83
129.60
124.20
125.74
120.80
135.15
140.39
132.53
122.65
132.06
138.39
145.79
139.16
139.01
126.82
135.00
143.79
130.06
133.45

21.0
20.8
21.0
21.2
22.8
21.1
21.0
21.1
22.5
20.8
22.4
20.9
21.1
21.0
21.7
20.8
22.5
21.2
22.3
20.8

1.38
1.24
1.17
1.43
2.83
1.43
1.26
1.32
2.53
1.17
2.46
1.17
1.28
1.33
1.83
1.17
2.63
1.68
2.51
1.13

19.62
19.56
19.83
19.77
19.97
19.67
19.74
19.78
19.97
19.63
19.94
19.73
19.82
19.67
19.87
19.63
19.87
19.52
19.79
19.67

For the sensory analyses 3 bottles of each
variant were used. The sensory analyses were
performed with a panel of tasters of 5 persons
in accordance with the methodology developed

in the project Sensofood and a registered patent
(Antoce 2005; Antoce and Namolosanu, 2007).
From the Sensofood evaluation sheet the
following parameters were selected as being
representative for this type of samples:
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Sensory profiles
In accordance to the groups described in Table
3, general group sensory profiles were
determined, based on each parameter average
for the respective group. The general profiles of
groups are shown all in Figure 1.

perception of acidity, sweetness, astringency,
bitterness, mouth feel, as well as aroma
intensity and the overall floral scent.
The parameters are all evaluated on continuous
intensity scales with maximum value of 10,
anchored with appropriate descriptors. Only the
perception of floral aroma was evaluated on
discontinuous scales of 5 points, with the
values of 2, 4, 6, 8 and 10.
The significance of the values obtained for
various sensory parameters was tested with the
Origin 9.0 one-way ANOVA and the Tukey
post-hoc analysis for the multiple comparison
of the mean differences. The averages that are
significantly different from others are indicated
with different letters, while a similar letter
means there was not a significant difference
between those groups at p > 0.05. All the bottle
samples were analyzed in triplicate.

floral scent

aroma intensity

mouthfeel

RESULTS AND DISCUSSIONS
In order for wine tasters to be able to compare
samples in a meaningful way, the variants were
grouped in accordance to a main antioxidant
component. Thus, the following groups are
formed (Table 3).

Control sample

Control absolute
Control CO2
Control tannin
Control tannin + CO2

Control tannin

T20

Control G20

G20

Control G40

G40

Control G20A50

G20A50

Control G40A50

G40A50

G20A50
G40
G40A50
sweetness

astringency

bitterness

It can be seen that the samples included in the
groups G20 (treated at fermentation with 20
mg/l glutathione) were considered by the
tasters less floral and less intensely aromatic
than the control samples, while the samples of
G40 (treated at fermentation with 40 mg/l
glutathione) were superior from this viewpoint.
Generally, the sensory profiles of the groups
containing samples also treated with ascorbic
acid (G20A50 and G40A50) are very similar,
suggesting that the presence of ascorbic acid is
dominant in the sensory profile, the dose of
glutathione being less important when the
wines are also treated with ascorbic acid.
As each group was composed of variants
containing additional treatments, some with
tannin and/or carbon dioxide used at the
bottling time, profiles of the samples included
in each group were also generated and
discussed.
Figures 2 contain the profiles for each group of
wine samples and their samples treated or not
with tannin and carbon dioxide.

Group name Tank/Sample code

Control

acidity
6.0
5.0
4.0
3.0
2.0
1.0
0.0

G20

Figure 1. Average sensory profile of the wines grouped
in accordance to the antioxidant treatments: glutathione
20 mg/l and 40 mg/l (groups G20 and G40), glutathione
20 mg/l and 40 mg/l plus ascorbic acid 50 mg/l (groups
G20A50 and G40A50) and Control group

Table 3. Groups of wine variants assembled in
accordance with the type of antioxidant treatment

Sample
No.
1
11
6
16
6
7
8
9
10
4
14
9
19
5
15
10
20
2
12
7
17
3
13
8
18

Control

Average sensory profile of groups

G0_A0_T0
G0_A0_T0_CO2
G0_A0_T20
G0_A0_T20_CO2
G0_A0_T20
G20_A50_T20
G40_A50_T20
G20_A0_T20
G40_A0_T20
G20_A0_T0
G20_A0_T0_CO2
G20_A0_T20
G20_A0_T20_CO2
G40_A0_T0
G40_A0_T0_CO2
G40_A0_T20
G40_A0_T20_CO2
G20_A50_T0
G20_A50_T0_CO2
G20_A50_T20
G20_A50_T20_CO2
G40_A50_T0
G40_A50_T0_CO2
G40_A50_T20
G40_A50_T20_CO2
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Control group

The wines of each group were also analyzed by
the tasters using the OIV-UIO score sheet of
100 points (OIV, 2009 a and b) and based on
their results (not shown) the samples were
ranked from 1 to 4, 1 being the wine with the
highest score in the group and 4 the lowest
score in the group. To be more suggestive, the
highest score sample was colored in gold, the
second in silver, the third in bronze and the last
one in green, which does not necessarily imply
they obtained the scores usually required to be
awarded such medals in OIV wine contests.
The scores of wines ranged from 78 to 85.
As it can be seen the sensory parameters that
had positive impact on the appreciation of
wines were the sweetness, aroma intensity and
the floral scent, while the bitterness had a
negative impact.
In order to determine how these sensory
parameters are influenced by the antioxidant
treatments, statistical analysis was used to
determine the significant differences induced
by several types of treatments and
combinations of treatments.
Thus, each main sensory parameter was
analyzed by using the one way analysis of
variance (ANOVA) and Tukey test.

acidity

8.0

floral scent

6.0
4.0

sweetness

2.0
0.0

aroma intensity

astringency
1. G0_A0_T20_CO2
2. G0_A0_T20

mouthfeel

G20 group

bitterness

3. G0_A0_T0_CO2
4. G0_A0_T0

acidity
8

floral scent

6
4

sweetness

2
0

aroma intensity

astringency
1. G20_A0_T20+CO2
2. G20_A0_T20

mouthfeel

G20A50 group

bitterness

3. G20_A0_T0+CO2
4. G20_A0_T0

acidity
8

floral scent

6
4

sweetness

2
0

aroma intensity

astringency
1. G20_A50_T20+CO2
2. G20_A50_T20

mouthfeel

G40 group

bitterness

3. G20_A50_T0+CO2
4. G20_A50_T0

The perception of acidity
When we compared the groups of samples
containing treatments with GSH and AA,
irrespective of the content of tannin or CO2 the
perception of acidity is not significantly
different (Table 4).

acidity
8

floral scent

6
4

sweetness

2
0

aroma intensity

astringency
1. G40_A0_T20+CO2
2. G40_A0_T20

mouthfeel

G40A50 group

floral scent

bitterness

3. G40_A0_T0+CO2

Table 4. Acidity sensory values for samples in groups
with 0, 20 and 40 mg/l GSH with or without 50 mg/l AA,
irrespective of other treatments

4. G40_A0_T0

acidity

Group
Control
G20
G40
G20A50 G40A50
Average*
2.4a
2.0a
2.0a
2.8a
2.7a
Standard Deviation
0.7
0.9
1.0
0.9
0.7
Standard Error
0.4
0.5
0.5
0.5
0.3
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.78, while the probability that
the null hypothesis for the full model is true (the perception of acidity
in al groups is similar) is Prob>F = 0.55

8
6
4

sweetness

2
0

aroma intensity

astringency
1. G40_A50_T20+CO2
2. G40_A50_T20

mouthfeel

bitterness

3. G40_A50_T0+CO2

As the presence of ascorbic acid in the samples
seems to increase the acidity, we tested the
values obtained for all the samples with and
without AA and found that the difference is
still not significant, in spite of better values
obtained for F (Table 5).

4. G40_A50_T0

Figure 2. Sensory profile of the wines included in the
groups of Control, G20, G20A50, G40 and G40A50, in
accordance to the additional antioxidant treatments: 0 or
20 mg/l catechinic tannin (T0, T20) and presence or
absence of carbon dioxide (CO2) at bottling time. The
numbers allocated to samples represent the rank after an
additional sensory evaluation based on the 100 points
OIV score sheet

23

As the bitterness is expected to be influenced
by the presence of tannin, the results were also
tested taking into account the presence/absence
of tannin. Thus, the groups of samples with and
without tannin were analyzed and we found out
that the presence of tannin increases the
bitterness in the samples treated with GSH, but
not in the ones containing also AA. The effect
is mostly evident in the case of groups GT and
GA50T, where the values of bitterness are
significantly different, 4.6 ± 1.0 and 2.2 ± 0.7,
respectively (Table 8).

Table 5. Acidity sensory values for samples treated with
GSH, irrespective of the dosage (G), without (group G)
or with AA (group GA50), irrespective of other
treatments

Group
G
GA50
Average*
2.8a
2.0a
Standard Deviation
0.7
0.9
Standard Error
0.3
0.3
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 3.4, while Prob>F is 0.09.

The perception of sweetness
The perception of sweetness is mostly
dependent on the perception of acidity, but also
on the completion of fermentation in all
samples. The results were tested with ANOVA
(Table 6) and no significant difference was
found among the groups (F value is 0.78,
Prob>F is 0.55).

Table 8. Bitterness sensory values for samples with and
without tannin (T), grouped in accordance with the
presence of GSH (G), Ascorbic acid (A50)

Group
G
GA50
GT
GA50T
Average*
3.5a,b
3.8a,b
4.6b,d
2.2a,c
Standard Deviation
1.2
1.0
1.0
0.7
Standard Error
0.6
0.5
0.5
0.3
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 3.8, while Prob>F is 0.04.

Table 6. Sweetness sensory values for samples in groups
with 0, 20 and 40 mg/l GSH with or without 50 mg/l AA

Group
Control
G20
G40
G20A50 G40A50
Average*
3.7a
3.1a
3.1a
4.3a
4.2a
Standard Deviation
1.1
1.4
1.5
1.4
1.0
Standard Error
0.6
0.7
0.8
0.7
0.5
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.78, while Prob>F is 0.55.

However, when the treatment with AA is
disregarded and we compared the samples with
tannin and without tannin, there was no
significant difference between the group
without tannin (bitterness 3.7 ± 1.0) and the
group with tannin (bitterness value 3.4 ± 1.5),
the F value being 0.15 and Prob>F being 0.7.

The perception of astringency was rather low
in all the samples, varying from 0.9 to 2.3 on a
scale out of 10, therefore the significance of its
variation was not tested.

The perception of aroma intensity
The aroma intensity is the parameter that was
considered the most important in this study, as
the fermentation of wines in the presence of
GSH was meant to enhance the aromatic
profile of the wines produced in this way.
Also, the treatment with tannin and the addition
of CO2 during bottling were also factors meant
to preserve the primary and fermentation aroma
of the wines.
The comparison of the wine sample groups,
irrespective of the tannin and CO2 added is
presented in Table 9.

The perception of bitterness
Bitterness is one of the important parameters,
especially in the white wines, where, unlike in
the case of some red wines, it is mainly
undesirable for the overall harmony of the
wine.
The bitterness was perceived as clearly
different only for the wine in the group
containing GSH in the concentration of 40
mg/l.
The Tukey test revealed that the samples
treated with 40 mg/l GSH are significantly
different from the samples treated with the
same concentration of GSH, but also
containing AA (Table 7).

Table 9. Aroma intensity sensory values for samples in
groups with 0, 20 and 40 mg/l GSH with or without 50
mg/l AA, irrespective of other treatments

Group
Control
G20
G40
G20A50 G40A50
Average*
5.4c,d
4.7a,b
5.2a,c
4.8a,b
5.0a,d
Standard Deviation
0.3
0.1
0.2
0.1
0.3
Standard Error
0.2
0.1
0.1
0.1
0.1
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 5.7, while Prob>F is 0.005.

Table 7. Bitterness sensory values for samples in groups
with 0, 20 and 40 mg/l GSH with or without 50 mg/l AA,
irrespective of other treatments

Group
Control
G20
G20A50
G40
G40A50
Average*
3a,b
3.2a,b
3.2a,b
4.9b,d
2.8a,c
Standard Deviation
0.6
1.0
1.2
0.4
1.2
Standard Error
0.3
0.5
0.6
0.2
0.6
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 3.2, while Prob>F is 0.04.

In spite of the small differences among the
average values, the perception of aroma
intensity of the control group is clearly
24

mg/l, but irrespective of the presence of AA
(Table 12- groups G20, G20T, G40, G40T) and
on the other hand the groups of wine samples
with and without tannin (T) with treatments of
GSH irrespective of the dosage, in the presence
or absence of AA (Table 13 – groups G, GT,
GA50, GA50T).

different from the rest of the groups. Moreover,
the values show that the control samples have
the most intense aroma, but they are confirmed
to differ significantly only from the samples
treated with the 20 mg/l GSH (irrespective of
the presence of ascorbic acid). Thus, it appears
that the treatment with GSH did not lead to an
increase of the aroma intensity, but, on the
contrary, the dose of 20 mg/l induced a
decrease of aroma intensity (from 5.4 ± 0.3 in
control to 4.7 ± 0.1 in G20 and 4.8 ± 0.1 in
G20A50). In the same time, the sample with 40
mg/l GSH was not significantly different from
the control samples (5.2 ± 0.1 in G40 and 5.0 ±
0.3 in G40A50 group).
If we also disregard the effect of ascorbic acid,
by including the samples treated with AA in the
groups with the same amount of GSH added at
fermentation, the same effect of GSH treatment
is observed (Table 10).

Table 12. Aroma intensity sensory values for samples
with and without tannin (T), grouped in accordance with
the dosage of GSH (G20 and G40) irrespective of the
dosage of ascorbic acid

Group
G20
G20T
G40
G40T
Average*
4.7a
4.8a
5.1a
5.1a
Standard Deviation
0.1
0.1
0.3
0.3
Standard Error
0.1
0.1
0.1
0.2
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 2.72, while Prob>F is 0.09.

Table 13. Aroma intensity sensory values for samples
with and without tannin (T), grouped in accordance with
the presence of AA (A50) and GSH (G) irrespective of
its dosage

Group
G
GT
GA50
GA50T
Average*
4.9a
5.0a
4.9a
4.8a
Standard Deviation
0.2
0.4
0.3
0.1
Standard Error
0.1
0.2
0.2
0.1
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.21, while Prob>F is 0.89.

Table 10. Aroma intensity sensory values for samples
treated with 20 and 40 mg/l GSH, irrespective of the
presence of ascorbic acid, tannin or CO2

Group
Control
G20a
G40a
Average*
5.4a
4.8b
5.1a,b
Standard Deviation
0.3
0.1
0.3
Standard Error
0.2
0.1
0.1
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 10.0, while Prob>F is 0.001.

As we can see from both Tables 12 and 13, the
tannin treatment at bottling does not
significantly influence the intensity of the wine
sample aroma, irrespective of the other
treatments.
In order to assess the influence of carbon
dioxide on the preservation of the aroma
intensity, we compared the groups of wine
samples bottled with and without carbon
dioxide (CO2). In Table 14 we compared
groups with and without carbon dioxide also
treated with 20 and 40 mg/l GSH, irrespective
of the presence of AA (groups G20, G20CO2,
G40, G40CO2), while in Table 15 we
compared groups with and without carbon
dioxide also treated with GSH irrespective of
dosage, but in the presence or absence of AA
(groups G, GCO2, GA50, GA50CO2).

However, from Table 10 it seems that the
samples with 40 mg/l GSH tend to have
slightly increased aroma intensity as compared
to the case of samples with 20 mg/l GSH. To
test this hypothesis, we compared the groups
with samples containing 20 mg/l and 40 mg/l
GSH, irrespective of the other treatments
(Table 11).
This time it was confirmed that an increased
dosage of GSH significantly increases the
aroma intensity.
Table 11. Aroma intensity sensory values for samples
with 20 and 40 mg/l GSH (G20 and G40) irrespective of
any other treatment

Group
G20
G40
Average*
4.8a
5.1b
Standard Deviation
0.1
0.3
Standard Error
0.1
0.1
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 9.4, while Prob>F is 0.008.

Table 14. Aroma intensity sensory values for samples
with and without carbon dioxide (CO2), grouped in
accordance with the dosage of GSH (G20 and G40)
irrespective of the dosage of ascorbic acid

Group
G20
G20CO2
G40
G40CO2
Average*
4.7a
4.8a,b
5.1b
5.0a,b
Standard Deviation
0.1
0.1
0.2
0.4
Standard Error
0.1
0.1
0.1
0.2
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 3.731, while Prob>F is 0.04.

In order to assess the tannin influence on the
aroma intensity, we compared on one hand the
groups of wine samples with and without
tannin (T), with GSH treatments of 20 and 40
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As it can be seen, the floral aroma differs
among the groups, with the control wines
ranking among the most floral ones, in spite of
the reasonable expectations for this semiaromatic variety that the treated wines would
have an enhanced floral aroma. We observed,
and the Tukey test confirmed, that as in the
case of aroma intensity sensory parameter, the
treatment with only 20 mg/l GSH actually
decreased the floral scent in our wines as
compared to the control wine group. As far as
this parameter was concerned the effect of AA
was not conclusive.
When the effect of ascorbic acid is also
disregarded, by including the samples treated
with AA in the groups with the same amount of
GSH added at fermentation, the control group
seems again to have the most floral aroma
(Table 17). However, a larger standard
deviation in the group containing treatments
with 20 mg/l GSH the statistical tests could not
confirm any significant difference among the
three groups.

Table 15. Aroma intensity sensory values for samples
with and without carbon dioxide (CO2), grouped in
accordance with the presence of AA (A50) and GSH (G)
irrespective of its dosage

Group
G
GCO2
GA50
GA50CO2
Average*
4.8a
5.0a
4.9a
4.8a
Standard Deviation
0.3
0.4
0.3
0.1
Standard Error
0.1
0.2
0.2
0
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.41 while Prob>F is 0.75.

As we can see, from Tables 14 and 15, the
presence of carbon dioxide induced no
significant difference in the perception of the
aroma intensity of the samples. Although the
average values of the groups in Table 14 are
statistically determined to be different (G40
group having a significantly higher average
value than the group G20), this is not due to the
effect of protection conferred by the carbon
dioxide, but to the treatment with GSH, the
samples treated with 40 mg/l GSH being more
intense (5.1 ± 0.2) than those treated with only
20 mg/l GSH (4.7 ± 0.1). Aside of this the
Tukey test did not show any other significant
difference for this sensory parameter. Thus, we
can safely say that the carbon dioxide has no
major effect on aroma intensity under the
conditions employed.

Table 17. Sensory values for floral scent perception for
samples treated with 20 and 40 mg/l GSH, irrespective of
the presence of ascorbic acid, tannin or CO2

Group
Control
G20a
G40a
Average*
5.4a
4.4a
4.8a
Standard Deviation
0.8
1.5
0.3
Standard Error
0.4
0.5
0.1
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 1.4, while Prob>F is 0.27.

The perception of floral scent
Due to the reported effect of GSH in white
wines produced under reductive conditions, the
fermentation in the presence of additional
glutathione concentrations is expected to be
beneficial for the primary and secondary wine
aroma preservation.
Thus, the evaluation of the floral scent
perceived by the tasters in the samples
produced with GSH (with or without AA) is
important for the confirmation of this
hypothesis. Thus, in Table 16 the results for
floral scent evaluation are presented for the
groups of wines produced with 20 and 40 mg/l
GSH, with or without 50 mg/l AA.

For this parameter too, in order to assess the
influence of the added tannin on the floral scent
of the bottled wines, in Table 18 there were
compared the groups of wine samples with and
without tannin (T), with treatments of GSH of
20 and 40 mg/l, irrespective of the presence of
AA, while in Table 19 there were compared the
samples with treatments of GSH irrespective of
the dosage, in the presence or absence of AA.
In both cases no significant differences
occurred regarding the perception of a floral
aroma, irrespective of the other treatments.

Table 16. Sensory values for floral scent perception for
samples in groups with 0, 20 and 40 mg/l GSH with or
without 50 mg/l AA, irrespective of other treatments

Table 18. Sensory values for floral scent perception for
samples with and without tannin (T), grouped in
accordance with the dosage of GSH (G20 and G40)
irrespective of the dosage of ascorbic acid

Group
Control
G20
G40
G20A50 G40A50
Average*
5.4a
3.4b
4.9a,b
5.3a,b
4.7a,b
Standard Deviation
0.8
1.1
0.4
1.3
0.2
Standard Error
0.4
0.6
0.2
0.6
0.1
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 3.41, while Prob>F is 0.004.

Group
G20
G20T
G40
G40T
Average
3.5a
5.2a
4.6a
5.0a
Standard Deviation
1.2
1.3
0.1
0.3
Standard Error
0.6
0.6
0.1
0.2
At the level of 0.05 the population means of the groups are not
significantly different. The F value is 2.7, while Prob>F is 0.09.
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(CO2) were compared, on one hand taking into
account the GSH dosage of 20 and 40 mg/l
(Table 22) and on the other hand taking into
account the presence or absence of AA in the
presence of GSH irrespective of the dosage
(Table 23).
In both cases the bottling with CO2 did not
cause any significant perceivable difference in
the floral scent of wines.

Table 19. Sensory values for floral scent perception for
samples with and without tannin (T), grouped in
accordance with the presence of AA (A50) and GSH (G)
irrespective of its dosage

Group
G
GT
GA50
GA50T
Average*
3.6a
4.8a
4.6a
5.4a
Standard Deviation
1.2
0.5
0.3
1.2
Standard Error
0.6
0.3
0.1
0.6
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 2.9, while Prob>F is 0.08.

However, from Table 18 it seems that the
samples with tannin tend to have slightly
increased aroma intensity. To test this
hypothesis, we compared the groups with
sample groups containing GSH irrespective of
dosage (G), with the sample group with GSH
irrespective of dosage and 20 mg/l tannin (GT)
and the results are included in Table 20.

Table 22. Sensory values for floral scent perception for
samples with and without carbon dioxide (CO2), grouped
in accordance with the dosage of GSH (G20 and G40)
irrespective of the dosage of ascorbic acid

Group
G20
G20CO2
G40
G40CO2
Average*
4.5a
4.2a
4.8a
4.8a
Standard Deviation
1.9
1.2
0.4
0.2
Standard Error
1.0
0.6
0.2
0.1
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.22, while Prob>F is 0.88.

Table 20. Sensory values for floral scent perception for
samples with GSH (G) or with GSH and 20 mg/l tannin
(GT), irrespective of GSH dosage or other treatments

Table 23. Sensory values for floral scent perception for
samples with and without carbon dioxide (CO2), grouped
in accordance with the presence of AA (A50)
irrespective of the dosage of GSH (G)

Group
G
GT
Average*
4.1a
5.1b
Standard Deviation
1.0
0.9
Standard Error
0.4
0.3
*At the level of 0.05 the population means of the groups are
significantly different. The F value is 4.7, while Prob>F is 0.0.05.

Group
G
GCO2
GA50
GA50CO2
Average*
4.2a
5.1a
4.8a
4.2a
Standard
1.2
1.1
1.3
0.2
Deviation
Standard Error
0.6
0.6
0.7
0.1
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.83 while Prob>F is 0.5.

As clearly shown by the statistical parameters,
the treatment with tannin before bottling of the
samples produced with GSH added at
fermentation confers an advantage for the
preservation of the floral aroma of these wines.
To also test if the GSH dosage tends to have a
perceivable influence on the floral aroma we
compared the groups containing samples
treated with 20 mg/l GSH (G20) and 40 mg/l
GSH (G40), irrespective of the other treatments
(Table 21).

CONCLUSIONS
A combination of antioxidant substances such
as SO2, GSH, AA, tannin and CO2 added
during fermentation or at bottling time could
improve the sensory perception of some wine
characteristics, but the results depends on the
combination and winemaking conditions.
In reductive winemaking conditions GSH was
demonstrated by several authors to have a
positive effect on white wine aroma
preservation. Other antioxidants, such as AA,
tannin or CO2, are also reported to be efficient
when used for the same purpose in various
phases of winemaking. Many of the tests,
however, were conducted in wine model
solutions or in highly controlled laboratories or
cellars, but not in normally equipped wine
cellars, where the wines are difficult to protect
from oxygen in all the production steps. Thus,
the present study investigated the sensory
perceivable effects of these antioxidants on the
final wines when a total protection from
oxygen is not ensured.

Table 21. Sensory values for floral scent perception for
samples with 20 and 40 mg/l GSH (G20 and G40)
irrespective of any other treatment

Group
G20
G40
Average*
4.4a
4.8a
Standard Deviation
1.5
0.3
Standard Error
0.5
0.1
*At the level of 0.05 the population means of the groups are not
significantly different. The F value is 0.6, while Prob>F is 0.0.45.

Although the dosage of 40 mg/l seems to be
more helpful than the 20 mg/l, due to a higher
variability in the group G20, statistically no
significant difference was found among the
groups as regards the floral scent parameter.
In order to assess the carbon dioxide influence
on the floral scent perception, the groups of
wine samples with and without carbon dioxide
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Although the GSH used without AA increased
the perception of bitterness, the presence of AA
diminished the bitterness induced by GSH.
Thus, the samples treated with 40 mg/l GSH
(with or without tannin) are significantly bitter
(4.9 ± 0.4) than the samples similarly treated,
but also containing AA (2.8 ± 1.2). We can say
that in this experiment the increase in bitterness
was mostly due to the treatment with a higher
dose of GSH and the decrease was due to the
treatment with the AA.
Generally, the sensory profiles of the groups
containing samples treated both with GSA and
AA (G20A50 and G40A50) appeared very
similar, the effect of ascorbic acid being
dominant in the sensory profile, covering the
effect of GSH, irrespective of the dosage.
Regarding the influence of AA on the floral
scent of wines the results were not conclusive.

It was shown that even in such conditions some
sensory
characteristic
differences
are
perceivable and should be taken into account
when deciding a specific treatment.
The ranking of the samples inside each group
of treatment (based on GSH of 20 and 40 mg/l,
with or without 50 mg/l AA) by using the OIV
wine contest score sheet showed that the
sensory parameters that had positive impact on
the appreciation of wines were the sweetness,
aroma intensity and the floral scent, while the
bitterness had a negative impact.
The influence of GSH
Under the conditions of our study and for the
Feteasca regala wine, we observed that the
GSH did not improve the aroma intensity and
the floral scent perceived in the wines treated,
the control wines scoring better for these
parameters.
The intensity of the aroma was not enhanced by
any of the treatments. The control samples are
the most intense (5.4 ± 0.3), but they are
confirmed to differ significantly only from the
samples treated with the 20 mg/l GSH group,
irrespective of the presence of AA, which
shows the lowest value for the parameter (4.7 ±
0.1). However, the samples with 40 mg/l GSH
tend to have slightly increased aroma intensity
as compared to the case of samples with 20
mg/l GSH and this is statistically confirmed
when comparing only the wines grouped only
according to GSH dose criterion.
The perception of floral scent is as well highest
in the control group, the treatment with only 20
mg/l GSH actually decreasing the floral scent
in wines as compared to the control wine
group.
Thus, we can say that the dose of 40 mg/l GSH
improved both parameters (aroma intensity and
floral scent) as compared to the dose of 20
mg/l, but they were still under the values of the
control samples.
The perception of acidity and sweetness is not
significantly influenced by the presence of
GSH, but we observed that the bitterness was
increased at higher doses of GSH.

The tannin influence
The combination of GSH, AA and tannin
affected the bitterness in specific ways.
Basically, the tannin did not change the
perceived bitterness. We observed that the
presence of tannin seemed to increase the
bitterness in the samples treated with GSH, but
not in the ones containing also AA. The effect
of AA in lowering the bitterness was mostly
evident in the case of groups GT and GA50T,
where the values of bitterness were
significantly different, 4.6 ± 1.0 and 2.2 ± 0.7,
respectively. But when the treatment with AA
was disregarded there was no significant
difference in bitterness perception between the
group without tannin (3.7 ± 1.0) and the group
with tannin (value 3.4 ± 1.5).
The tannin and the carbon dioxide treatments at
bottling did not significantly influence the
intensity of the wine aroma, irrespective of the
other treatments applied.
For the floral scent perception in wine, the
treatment with tannin before bottling of the
samples produced with GSH added at
fermentation confers an advantage proven by
statistical analysis.
The dosage of GSH used with the tannin seems
also important, but due to the high variability
of the samples, this effect of GSH dose could
not be proven.

The influence of AA
The AA did not significantly influence the
perception of the acidity, as well as that of the
sweetness.
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The influence of carbon dioxide
Carbon dioxide treatments at bottling did not
have a significant influence on the perceivable
floral scent of wines, nor on the intensity of the
wine aroma, irrespective of the other treatments
applied. Basically, carbon dioxide treatments at
bottling did not have any significant influence
on any of the tested parameters.
The overall conclusion of this study, derived
from the sensorial perception of the final wine
quality, is that under normal cellar conditions
the usage of GSH appears to be technically and
economically unjustified.
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Abstract

Nowadays, blueberries are one of the most appreciated and fast increasing consumption worldwide. The
industrial sector is ready to answer to the consumers’ expectations including all year round fresh fruits and
better quality. In respect to this opportunity, we tried to find solutions to extend the harvest period of the
Northern highbush blueberry. Three varieties were selected for the experiment: ‘Bluetta’ as a very early
cultivar, ‘Coville’ for middle season and ‘Elliott’ as late ripening cultivar. The containerized plants were
placed in the spring of 2016 in a solar covered with three types of plastic films (yellow, diffused and clear) in
order to emphasize the best coverage material for our purpose. As control, same number of plants/variety
was settled down outdoor in the field conditions. To assess the particularities of growing and fructification of
blueberry varieties under these circumstances, we have made several measurements of the main
physiological processes as follows: photosynthetic rate, transpiration rate, respiration rate, stomatal
conductance and internal carbon dioxide. The content of the chlorophyll and carotenoids was also evaluated
according to the experimental model. The photosynthetic capacity of the blueberry plants in all of the
phenological period swas decreased by the plastic film coverage. Plant’s respiration was more intense in
June compared to July or September. ‘Bluetta’ variety was highlighted by very fast growing plantsdue to a
higher photosynthetic rate recorded. The yellow plastic film significantly decreased the content of
chlorophyll a and carotenoids in the leaves of blueberry varieties. Indoor conditions and protective films
anticipated the fruit maturation and delay the last harvest till end of the autumn proving as an efficient way
to extend the harvest period of the blueberries.
Key words: photosynthesis, pigments content, containerized culture, solar.

INTRODUCTION

has proved to be a successful alternative for
multiplying blueberry (Vescan et al., 2012).
The high bush blueberry plantations value is
due by the low plant chemical fertilization and
chemical protection requirements (Kęsik and
Wach, 2010). Blueberry fruits are greatly
appreciated by consumers (Konarska, 2015),
especially due to their functional food
characteristics (Wang et al., 2009; Nile and
Park, 2014; Patel, 2014; Schrager et al., 2015)
as well as leaves are important polyphenols
sources (Xiaoyong et al., 2014).
It is well known that in general, the plants
development life cycle depends on the
successful
implementation
of
the
photosynthesis. There are many internal and
external factors that contribute to the normal
running of this process and other processes
with which the former is in interrelation. For
instance, different abiotic factors such as light

The first highbush blueberry (Vaccinium
corymbosum L.) (Ericaceae family) cultivars
have been planted in Romania in 1968, at
Bilceşti Fruit Tree Resort, Argeş County
(Bădescu Gh., 1985), then the plant production
has been limited by social-economical factors,
also by soil and climatic conditions (Bădescu et
al., 2009). Along the time, many researchers
have been done, in our country, at Bilceşti and
not only, in order to increase the bush yield and
to obtain higher fruit in terms of quality
(Bădescu, 2003; Varga et al., 2015) or to know
which is the culture substrate influence on
growth and development of blueberry plants
(Delian et.al, 2011).
Moreover, micropropagation protocols were
tried by using dormant buds and the method
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substrate consisted in a mix of acid peat moss:
sawdust: perlite (1:1:1) (v:v:v). A drip
irrigation system with capillary tubes of 2 l/h
provided the necessary humidity in the pots.
For a better homogeneity of the water
dispersion in the containers it were placed two
capillary tub supports per unit. All indoor and
outdoor surfaces were mulched with agrotextile
material. Fertilization and minimal training
measures were applied during the experiment
time.
Treatments and Experimental Design
Blueberries plants were introduced in spring of
2016 inside a protected solar house. The
construction has the size of 18 m x 6 m and is
divided in three sections (Figure 1), each one
covered with different sun-cover films (Figure 2).
The first module (6 m x 6 m) was covered with
Ginegarplastic film - Suncover 205 Nyellow,
200 microns thickness, light transmission in
PAR89%, diffused light transmission in
PAR65%, UV-transmission 300-380 nm 0%;
The second one (6 m x 6 m) was protected with
Suntherm diffused plastic film with the
following
characteristics:
150
microns
thickness, light transmission in PAR 88%,
diffused light transmission in PAR 56%,
thermicity 7-15 micron 80%;
The last section (6 m x 6 m) was covered with
Suncover Clear of 150 microns, light
transmission in PAR 89% and diffused light
transmission in PAR 22%.
It were tested in each variant of covering,
7 plants/variety. As control another group of
7 plants/variety was placed outdoor next to the
solar construction.

intensity, temperature and carbon dioxide
concentration influence the carbon assimilation
(Hancock et al., 1992; Percival and Tompkins,
2016) and despite the numerous existing
information, such research themes are topical
today, along with those relating to improving
the blueberry breeding programs (Estrada et al.,
2015).
As Taiz and Zigler (2010) emphasized, light is
essential ecological factor for plants and not
only its presence is defining for what
essentially involves conducting photosynthesis
itself, but its quantity, composition and
duration of action affects many other
physiological processes. For this reason, for
blueberry research, it has been undertaken on
the influence of colored photo-selective nets on
some physiological indicators, especially those
related to carrying out gas exchange (Gustavo
et al., 2012) or those regarding the impact on
blueberries anthocyanin profile (Zoratti et al.,
2015). Not unimportant are also different
pruning severity techniques applied, which
among their effect on yield, these affect the
whole-canopy leaf area and have a major
impact on the proper leaf gas exchange
(Jorquera-Fontena et al., 2014).
Nowadays, given the great interest on this
topic, the purpose of this research was to study
the effects of changing environmental
conditions (light quality and intensity mainly,
but not only) on some physiological indicators
of blueberry varieties in relation with morphoproductivity traits.
MATERIALS AND METHODS
Experimental site location
The experiment was carried out in the
experimental field of the Faculty of
Horticulture, USAMV Bucharest (44.4708° N,
26.0662° E), during the vegetation period of
the year 2016.
The biological material
The biological material was represented by
three
highbush
blueberries
(Vaccinium
corymbosum L.) varieties (Figure 1) as follows:
‘Bluetta’ - early cultivar; ‘Coville’ - middle and
‘Elliott’ - late ripening variety.
Growing conditions
All of the plants were grown in containers of 50
litres with upper diameter of 50 cm. The

Figure 1. Indoor repartition of blueberries varieties
according to sun-cover plastic films modules
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The indoor temperature was below 320C and
the light intensity was maintained between 500700 μmols m-2s-1 to avoid the photoinhibition
process (Hicklenton et al., 2000). The results
were expressed as: An (μmols CO2 m-2s-1);
Rr (μmols CO2 m-2s-1) Tr (mmols H2O m-2s-1);
gs (mols H2O m-2s-1); Ci (μmols mol-1air).
On the same (detached) leaves (on 9th of
Sepemeber,
2016),
leaf
photosynthetic
pigments concentration was analysed by
spectrofotometric method, using the CECIL CE
1011 spectrophotometer.
The pigments extraction was done in acetone
80% (v:v) and the extract absorbencies were
measured at three wavelengths: 663 nm, 646
nm and 470 nm. The obtained results were
expressed as mg 100 g-1 FW using formula of
Lichtenthaler and Wellburn (1983).
Data was subject to analysis of variance using
XL STAT software. The means were compared
with Least Significant Difference (LSD) and
the treatments were considered significantly
different at the 5% significance level. The
effect of different microclimate conditions on
the gas exchange parameters and assimilatory
pigments accumulation of high bush blueberry
leaves was also subject to statistical analyses.

Figure 2. The solar covered with different plastic
film types

Analysed parameters
During the growing season, the growth and
fructification was monitored and data collected
as well. The annual growth was calculated as
difference between the plant heights measured
at the start of the vegetation in the spring and
leaves colour changed in the late autumn. Fruit
production was recorded as fruits appeared and
get ripen.
In order to monitor blueberry plants
metabolism in an indoor and outdoor
conditions, there were performed different
measurements (n=3 per production phase for
each sample date) from June until September
2016, as followings:
-21st of June, 2016 (the plants were in full
blossom - inflorescences opened)
- 11th of July, 2016 (fruit growing phase -the
second fructification)
- 9th of September, 2016 (ripen fruits -second
bearing)
Leaf gas exchange physiological indicators
such as photosynthesis rate (An), respiration
rate (Rr), transpiration rate (Tr), stomatal
conductance (gs) and intercellular carbon
dioxide (Ci), respectively have been quantified
using the LCIpro+ photosynthesis system
equipped with an analysis camera of 6.25 cm2,
between 7:00 and 10:00 h a.m.
All measurements were made in three
replicates by analysing only normal developed
leaves, as follows: the 5th leaf of the tip of the
shoot toward the base, near the inflorescence;
the 3rd leaf from the top to the bottom, close to
the growing fruits; the 3rd leaf from the top to
the bottom, near the mature fruit.

RESULTS AND DISCUSSIONS
The yellow Ginegar plastic film - Suncover
205N increased the plant growths. In late
autumn, the average height was of 150 cm at all
the varieties but the most vigorous proved to be
‘Coville’ with 153 cm height.
Regarding the diffuse plastic film type
influence it seems that also has a positive
impact on the plants growth. In November, the
maximum height of 159 cm was registered at
late variety ‘Elliott’.
The highest growth rate was recorded by
‘Coville’ under the yellow plastic coverage. It
has grown 2.5 times more in height since it was
placed in the solar conditions, with 91 cm more
respectively (Table 1).
Statistical interpretation shows us no
significantly differences between variants at the
start of experiment but in the end of 2016, the
effect of plastic films emphasize statistic
differences between yellow and diffused films
comparing to clear film or outdoor conditions.
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Table 1. Dynamics of blueberries growths in different coverage conditions and in the field condition (cm)
Coverage

Suncover 205N (yellow)

Suntherm (diffused)

Suncover(clear)

Outdoor

Average

Variety
Bluetta

March
84

Nov
148

Diff
64

March
82

Nov
143

Diff
61

March
82

Nov
132

Diff
49

March
75

Nov
126

Diff
51

March
81b

Nov
137a

Diff
56a

Coville

62

153

91

62

146

84

68

136

68

61

120

58

63a

138a

75b

Elliott

94

149

55

98

159

61

90

143

53

86

124

38

92c

144a

52a

Average

80a

150a

70a

80a

149a

69a

90a

137b

57a

74a

123c

49a

79

140

61

*Means followed by the same letter are not significantly different at P≤0.05 using Duncan’s multiple range test

From the data presented in the Table 3
regarding the photosynthesis activity of the
blueberry varieties it results that the intensity of
the process varied with the growing conditions
(protected or in the field), variety, time of the
determination and phenological phase. Also
position of leaves has a direct influence, if they
are near the flowers, developing fruits or ripen
fruits.

Also in case of ‘Coville’, the comparison of
means indicates it as the most vigorous variety
in terms of height and thickness too. Under the
diffused plastic film, this variety has grown in
diameter up to 31.3 mm in the collet zone
(Table 2).
Table 2. Plants diameter at the end of the growth season
under the experimental conditions (mm)

Coverage
/ Variety

Suncover Suntherm Suncover Outdoor Average
205N
(diffused) (clear)
(yellow)
Bluetta
26.23
26.70
24.03
25.43
25.60a
Coville
25.90
31.30
29.45
30.25
29.23a
Elliott
23.91
28.58
31.72
20.83
26.26a
Average
25.35a
28.86a
28.40a
25.50a
27.03
*Means followed by the same letter are not significantly different at
P≤0.05 using Duncan’s multiple range test

Table 3. The photosynthesis intensity of the blueberry
varieties under the influence of different types of solar
coverage indoor and in the field conditions

Date

June
21,
2016

Concerning the fructification of the blueberry
varieties, we noted the start of flowering
process at the end of March and the fruits
haveset during April. In May, all the fruits have
been grown in clusters and in the last decade
we observed the first fruits ready to harvestat
‘Bluetta’ variety (Figure 3).

July
11,
2016

Sept 9,
2016

Plastic
film type
Yellow

Bluetta

Coville

Elliott

Average

7.55

7.79

8.33

7.89ab

Diffused

5.33

3.51

4.85

4.56b

Clear

9.85

4.08

7.28

7.07ab

outdoor

11.14

8.47

7.60

9.07a

Yellow

8.20

2.73

5.51

5.48b

Diffused

5.61

3.59

7.14

5.45b

Clear

7.28

9.15

7.83

8.08ab

outdoor

11.40

9.82

7.68

9.63a

Yellow

5.18

3.16

4.71

4.35a

Diffused

7.23

3.75

3.27

4.75a

Clear

5.66

6.13

4.59

5.46a

outdoor

6.09

6.51

6.10

6.23a

Mean
/date

7.15a

7.16a

5.20a

Mean/
7.54a
5.72a
6.24a
6.50
variety
*Means followed by the same letter are not significantly different at
P≤0.05 using Duncan’s multiple range test

The plastic films decreased the photosynthetic
capacity of the blueberry plants in all of the
phenological period comparing to the ones used
as control (outdoor the solar).Therefore, the
average photosynthesis intensity value of the
plants grown in the field was of 8.31 μmols
CO2m-2s-1.
In June and July, these differences are
significantly higher than in September when
the values tend to homogenize.
The clear plastic film decreased the
photosynthetic rate of the indoor plants with
17.32%, the diffused film with 40.81% and the
yellow one with 28.94%.

Figure 3. ‘Bluetta’ variety evolution from flowers
(4.04.2016) to ripen fruits (25.05.2017)

The reason for this very fast developed
phenology for blueberries is the fact that the
plants have been kept in the vegetation house
(with transparent polycarbonate roof and
positive temperatures) till start of May when
the solar was ready to receive the plants.
Once the plants were settled down in the solar,
the primocane fructification type started at all
three varieties.
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assimilation reached the light saturation point
at 700 μmolsm-2s-1PPFD (Jorquera-Fontena et
al., 2014).
Transpiration was more intense in June,
downing slightly in July and then more in
September,
correlated
with
outdoor
temperatures for all varieties and cultural
system (Table 4).
The variety with the most intense transpiration
was ‘Bluetta’, a process that reached in July
outdoor conditions a maximum of 4.63 mmols
H2O m-2s-1. Significantly differences are
highlighted between ‘Bluetta’ and the other
varieties, regardless the measurements period.
In June, the diffused film maintained higher the
transpiration
process,
but
later,
the
environmental and weather conditions calm
down the process rates.
The ‘Elliott’ variety lost less water by
transpiration in the solar under the yellow
plastic and diffused film especially in the
second part of the year. A similar behaviour
had encountered also ‘Coville’.

There were no differences remarked between
the average values of the summer
measurements, both values are higher than
those from the start of the autumn, when the
process intensity decreased with 27.27%.
The ‘Bluetta’ variety was highlighted by a very
fast growing plants which can be justified also
by a higher photosynthetic rate recorded (7.54
μmols CO2 m-2s-1) comparing to the other
blueberry varieties (‘Elliottt’, 6.24 μmols CO2
m-2s-1and ‘Coville’ with 5.72 μmols CO2 m-2s-1)
all vegetation round season.
As recently Percival and Tompkins (2016)
noticed, even if different abiotic factors such as
light intensity, carbon dioxide concentration
and temperature have major impacts on carbon
nutrition on low bush blueberry, light intensity
and carbon dioxide concentration were the
most important factors which contribute to 83%
of the net carbon dioxide exchange rate. Also,
significant effects of production cycle and stage
within the growing season were observed.
In the case of wild blueberry, the net
photosynthesis rate of upright stems ranged
from 2.1 to 7.6 mmolm-2s-1, with substantially
higher value during the vegetative phase of
production and a significantly decrease was
registered in the latter part of the growing
season (Percival et al., 2012).
Gustavo et al. (2012) have emphasized that if
the blueberry cv. ‘Elliott’ exposed to different
light intensity and spectral composition by
using different colored netting (black, red and
white) as against a control (full sun) was
acclimatized with success at a reduction of up
to 50% of light, improving the photosynthesis
performances and the leaves traits. Regarding
the accumulation of anthocyanins in the fruits,
Zoratti et al. (2015) has found that if plants
were grown in 90% shading of sunlight
radiation, wild bilberry plants accumulated a
larger amount of anthocyanins, while for
cultivated high bush blueberry maturation
process has been delayed by at least two weeks,
and the accumulation of anthocyanins was
significantly lower in fruits compared to
control (sunlight conditions).
Light intensity can be also modified by other
cultural practice in blueberry production.
According to the four-year old high bush
blueberry plants cv. ‘Brigitta’ subjected to
slight, conventional and severe pruning, the net

Table 4. The intensity of transpiration in blueberry
varieties under the influence of different plastic films in
the solar and outside

Date

June
21,
2016

July
11,
2016

Sept 9,
2016

Plastic
film type
Yellow

Bluetta

Coville

Elliottt Average

2.16

2.06

2.71

2.31a

Diffused

3.37

3.58

2.10

3.02a

Clear
outdoor

3.94
3.05

2.75
2.90

1.66
2.09

2.79a
2.68a

Yellow

2.87

0.92

1.75

1.85b

Diffused

3.22

1.55

1.36

2.04b

Clear
outdoor

2.81
4.63

2.28
4.81

1.69
3.26

2.26b
4.23a

Yellow

2.96

1.86

1.31

2.04a

Diffused

2.73

1.70

1.07

1.83a

Clear
outdoor

2.51
2.85

2.00
2.59

1.67
2.21

2.06a
2.55a

Mean
/date

2.70a

2.60a

2.12a

Mean/
3.09a
2.42ab
1.91b
2.47
variety
*Means followed by the same letter are not significantly different at
P≤0.05 using Duncan’s multiple range test

Of course, in the protected space, air
temperature was higher than outside, and
physiological response of varieties, subject of
the experiment was different too. Moreover,
high bush cultivars are in general poorly
adapted to high temperatures, although some
are more tolerant than others (Hancock et al.,
1992).
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Plant’s respiration was about 2 times more
intense at the first measurement on the 21st of
June compared to July or September when they
did not exceed 1 μmols CO2 m-2s-1 on average
(Table 5). This is also confirmed by the
Duncan’s multiple range test.
‘Bluetta’ blueberry variety recorded again the
highest values, with a peak in July under the
diffused film (μmols CO2 m-2s-1) and a
minimum in the same date under the yellow
plastic film (0.52 μmols CO2 m-2s-1).
Both the ‘Coville’ and ‘Elliott’ varieties
consumed the least in July under the yellow
film and the most in June under the yellow and
diffuse plastic films.
Inside the determination dates there are no
significantly differences between the plastic
films and between cultural conditions.

The yellow film generated a higher
conductivity for the plants of ‘Bluetta’ in June
and higher outside in July. However, the
highest value was found in the ‘Coville’ variety
under the diffused plastic film in June
(0.52 mol H2O m-2s-1).
Table 6. The stomatal conductance in blueberry varieties
under the influence of different plastic films in the solar
and outside

Date

June
21,
2016

July
11,
2016

Table 5. The intensity of respiration in blueberry
varieties under the influence of different plastic films in
the solar and outside

Date

June
21,
2016

July
11,
2016

Sept 9,
2016

Plastic
film type
Yellow

Bluetta

Coville

Elliott

Average

2.07

3.64

0.94

2.22a

Diffused

1.55

1.95

2.52

2.01a

Clear
outdoor

1.10
2.23

0.89
2.09

1.77
0.84

1.25a
1.72a

Yellow

0.52

0.66

0.25

0.48a

Diffused

3.75

0.50

0.35

1.53a

Clear
outdoor

1.04
0.66

1.20
0.76

0.26
1.20

0.84a
0.87a

Yellow

0.74

1.51

0.63

0.96a

Diffused

0.73

0.52

0.57

0.60a

Clear
outdoor

1.62
1.14

0.55
1.75

0.67
1.39

0.95a
1.43a

Sept 9,
2016

Mean
/date

Plastic
film type
Yellow

Bluetta

Coville

Elliott

Average

0.22

0.15

0.18

0.18a

Diffused

0.17

0.52

0.09

0.26a

Clear
outdoor

0.21
0.16

0.11
0.16

0.08
0.10

0.13a
0.14a

Yellow

0.16

0.07

0.16

0.13a

Diffused

0.15

0.09

0.10

0.11a

Clear

0.11

0.14

0.11

0.12a

outdoor

0.23

0.23

0.13

0.20a

Yellow

0.14

0.15

0.09

0.13a

Diffused

0.12

0.08

0.06

0.09a

Clear
outdoor

0.10
0.12

0.10
0.09

0.08
0.07

0.09a
0.09a

Mean
/date

0.18a

0.14a

0.10a

Mean/
0.16a
0.16a
0.10a
0.14
variety
*Means followed by the same letter are not significantly different at
P≤0.05 using Duncan’s multiple range test

1.80a

The decrease in stomatal conductance leads to a
reduction in the rate of photosynthesis, but also
photosynthesis may be diminished due to a
deficient carbon dioxide diffusion in the
mesophytic pathway to the chloroplast where
the carboxylation process is to be produced
(Rho et al., 2013).
The experiments conducted in the case of the
‘Elliott’ variety exposed at different light
intensities as well as in various spectral
compositions revealed that stomatal conduction
and xylem water potential showed little relation
with the PAR (Gustavo et al., 2012).
On the other hand, a high interrelation was
noticed between photosynthesis and stomatal
conductance in ‘Brigitta’ blueberry as a
response to carbon and water exchange to sink
demand. Changes that appear in the leaf
anatomy and the physiological changes are
closely interdependent with source-sink
changes, making it a possible balance between
daily adjusting of carbon assimilation and of
light energy absorption (Jorquera-Fontena et
al., 2016).
Another physiologically indicator measured
was the internal carbon dioxide (Table 7),

0.93b

0.98b

Mean/
1.43a
1.33a
0.95a
1.24
variety
*Means followed by the same letter are not significantly different at
P≤0.05 using Duncan’s multiple range test

Our obtained values were generally slightly
higher as compared with those noticed by
Jorquera-Fontena et al. (2014) in the case of
four-year old ‘Brigitta’ highbush blueberry
plants (ranging from 0.92 μmols CO2 m-2s-1 to
1.09 μmols CO2 m-2s-1).
The stomatal conductance (Table 6) maintained
the same trend as photosynthesis, respiration
and transpiration processes in the sense of
decreasing values from June to September, this
time at the same level for ‘Bluetta’ and
‘Coville’ varieties and lower at ‘Elliott’. No
statistic differences have been noticed.
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which varied inversely with the determination
date, the highest values being found in
September.

It is very interesting the fact that in July and
September, the internal carbon dioxide was
significantly higher under the yellow film
comparing to the other plastic films and
outdoor conditions.
Looking at the content of different pigments in
the leaves of blueberries varieties (Table 8), we
can distinguish clearly the influence of the
plastic film coverage. For instance, the
chlorophyll A and carotenoids content is
significantly influenced by the cultural
conditions, differences between covered and
outdoor plants, being emphasized by the
Duncan test results. Also the clear and diffused
films are statistically separated from the lowest
values of yellow plastic film coverage.
Regarding chlorophyll B and total chlorophyll
content of the leaves, values are not
significantly different. Same observation for
the A/B ratio of chlorophyll and total
chlorophyll content/carotenoids.

Table 7. The internal carbon dioxide measured in
blueberry varieties under the influence of different
plastic films in the solar and outside

Date

June
21,
2016

July
11,
2016

Sept 9,
2016

Plastic
film type
Yellow

Bluetta

Coville

Elliott

Average

328

283

291

301a

Diffused

324

338

282

315a

Clear
outdoor

276
276

315
315

201
201

264a
264a

Yellow

284

358

344

329a

Diffused

312

316

272

300ab

Clear
outdoor

239
269

264
285

272
265

258b
273b

Yellow

344

422

334

367a

Diffused

301

331

325

319ab

Clear

291

301

316

303ab

outdoor

315

274

227

272b

Mean
/date

286a

290a

315a

Mean/
297a
317a
277a
297
variety
*Means followed by the same letter are not significantly different at
P≤0.05 using Duncan’s multiple range test

Table 8. The chlorophyll content in blueberry varieties under the influence of different plastic films in the solar and
outside

Plastic film
type

Variety

Chlorophyll A

Chlorophyll B

Total
chlorophyll

A/B ratio

Carotenoids

Tot.Chl/Carot

yelow

Bluetta

97.67

24.55

122.23

3.98

29.72

4.11

Coville

96.53

25.47

122.00

3.79

25.08

4.87

Elliott

82.43

21.98

104.40

3.75

25.89

4.03

Average

92.21b

24.00a

116.21a

3.84a

26.89b

4.34a

Bluetta

131.41

43.20

174.61

3.04

32.61

5.36

Coville

139.38

33.32

172.70

4.18

40.73

4.24

diffused

Elliott
clear

124.16

33.00

157.16

3.76

36.53

4.30

Average

131.65ab

36.51a

168.16a

3.66a

36.62ab

4.63a

Bluetta

95.92

31.65

127.57

3.03

26.92

4.74

Coville

109.85

29.54

139.39

3.72

37.20

3.75

Elliott
outdoor

181.60

51.17

232.77

3.55

46.78

4.98

Average

129.12ab

37.45a

166.58a

3.43a

36.97ab

4.49a

Bluetta

106.12

23.59

129.72

4.50

36.11

3.59

Coville

174.49

45.87

220.36

3.80

48.40

4.55

Elliott

212.14

73.49

285.63

2.89

52.10

5.48

Average

164.25a

47.65a

211.90a

3.73a

45.54a

4.54a

36.51

4.50

General
129.31
36.40
165.71
3.67
average
*Means followed by the same letter are not significantly different at P≤0.05 using Duncan’s multiple range test

According to Percival et al. (2012), in the case
of wild blueberry, total chlorophyll content
varied from 2.0 to 12 mg cm-2 and from 0.042
to 1.4 mg cm-2 for chlorophyll a and b,
respectively. Also, the pigments amounts were

significantly lower in the cropping phase of
production, and in the same time the values
significantly decreased in the latter stages of
the growing season. A similarly trend was also
reported for carotenoids. Their concentrations
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varied between 0.67 and 4.1 mg cm-2, with the
lower values in the cropping phase of
production.
On the other hand, total leaf chlorophyll
content and total Chl/leaf N content ratio were
negatively correlated (r2=0.75) with %PAR as
Gustavo et al. (2012) noticed.

composition on leaves elemental concentration and
plant growth of highbush blueberry. Journal of
Environmental Protection and Ecology, Vol. 12,
Issue 2: p. 509-518.
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p. 142-149.
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Draper A.D., 1992. Photosynthetic Heat Stability in
High bush Blueberries and the Possibility of Genetic
Improvement, HORTSCIENCE 27(10): p. 11111112.
Hicklenton P.R., Reekie J.Y., Gordon R. J., Percival D.
C., 2000. Seasonal patterns of photosynthesis and
stomatal conductance in low bush blueberry plants
managed in a two year production cycle. HortScience
35: p. 55-59.
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leaf traits of ‘Brigitta’ blueberry. Journal of Soil
Science and Plant Nutrition, 14 (4), p. 855-868.
Jorquera-Fontena E., Alberdi M., Reyes-Diaz M., Franck
N., 2016. Rearrangement of leaf traits with changing
source-sink relationship in blueberry (Vaccinium
corymbosum L.) leaves. PHOTOSYNTHETICA 54
(4): p. 508-516.
Kęsik T., Wach D., 2010. Estimation of growth and
yielding of high bush blueberry (Vacinium
corymbosum L.) cultivated on a soil developed from
loamy sand. Zeszyty Problemowe Postępów
Rolniczych 556: p. 711-716.
Konarska A., 2015. Morphological, anatomical, and
ultrastructural changes in Vaccinium corymbosum
fruits during ontogeny. Botany 93: p. 589-602.
Nile S.H., Park S.W., 2014. Edible berries: Bioactive
components and their effect on human health.
Nutrition 30: p. 134-144.
Patel S., 2014. Blueberry as functional food and dietary
supplement: The natural way to ensure holistic
health. Mediterranean Journal of Nutrition and
Metabolism (7): p. 133-143.
Percival D., Kaur J., Hainstock L.J., Prive J.P., 2012.
Changementssaisonniersdans
la
photochimie,
l’efficacite´ de la photosynthe`se et le taux de
photosynthe`se net chez le bleuet sauvage (Vaccinium
angustifolium Ait.). Can. J. Plant Sci. 92: p. 11351143.
Percival D.C., Tompkins E., 2016. Net carbon dioxide
exchange rate of wild blueberries is influenced by
carbon dioxide concentration, light intensity and air
temperature. ActaHortic. 1117. ISHS. P. 245- 250.
Rho H., Yu D.J., Kim S.J., Lee H.J., 2013. Limitation
factors for photosynthesis in ‘Bluecrop’ high bush

CONCLUSIONS
In the light of the above results, some
conclusions can be drawn down as follows:
● ‘Coville’ remarked as a vigorous blueberry
variety in terms of plant’s height and diameter.
The photosynthetic capacity of the blueberry
plants in all of the phenological periods was
decreased by the plastic film coverage.
Plant’s respiration was more intense in June
compared to July or September.
● ‘Bluetta’ variety was highlighted by very fast
growing plants due to a higher photosynthetic
rate recorded.
● Yellow plastic film significantly decreased
the average content of chlorophyll A and
carotenoids in the leaves of all blueberry
varieties.
● Indoor conditions and protective films
anticipated the fruit maturation and delay the
last harvest till end of the autumn proving as an
efficient way to extend the harvest period of the
blueberries.
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Abstract
Xylanases have numerous applications in various fields, thus presenting an immense interest in studying. The sources
for these enzymes include bacteria, fungi, yeast and others, the most important producers being fungi. The focus of this
study was on enhancing the fungal strain ability to produce xylanase using random mutagenesis. Several mutants from
Aspergillus brasiliensis and Penicillium digitatum were obtained through physical and chemical mutagenesis from
strains previously selected as xylanase producers. The Petri plates with the fungal spores were exposed to UV light for
physical mutagenesis at the distance of 10 cm and for 5-50 minutes. The chemical mutagenesis involved the use of Nmethyl-N′-nitro-N-nitrosoguanidine and ethyl methane sulfonate, by adding in the Petri plates with the fungal spores
150 µg/ml mutagen (N-methyl-N′-nitro-N-nitrosoguanidine or ethyl methane sulfonate). After both physical and
chemical mutagenesis, several mutant strains were randomly selected and subjected to a qualitative and quantitative
screening for their ability to produce xylanase. For the qualitative screening, the selected strains were cultivated on
selective xylan agar medium with 0.8% oat spelt xylan as the only carbon source. The plates were analysed at every 24
h for the occurrence and evaluation of the hydrolysis area, using Congo red staining. Based on the measurements of the
halo diameter, several strains were selected for a quantitative screening, using the DNS assay for reducing sugars to
determine the xylanase activity. In order to determine the specific enzymatic activity, the protein assay was carried out.
The comparison of the studied strains showed that there are differences concerning the production of xylanase between
the mutant strains and the original ones.
Key words: xylanase, Aspergillus, Penicillium, mutagenesis.

INTRODUCTION

Mandal, 2015; Motta et al., 2013), Aspergillus
spp., Fusarium spp., Penicillium spp. (Nair and
Shashidhar, 2008; Mandal, 2015; Ja’afaru,
2013) etc., the fungal strains being preferred
due to high yields and extracellular release of
the enzymes and higher enzymatic activity.
Due to extensive use of xylanase in different
industries, the interest on achieving microbial
strains with high xylanase activity has
increased. Therefore, several methods were
used for reaching high xylanase yields:
optimizing growth culture conditions, cloning
of xylanase gene, random mutagenesis, site
specific mutagenesis, or combination of both
(Uday et al., 2015).
Random mutagenesis is often used, because is a
rapid and feasible method. This technique relies
on the exposure of the microorganism to a
physical or a chemical mutagen.
Physical mutagenesis can be achieved with
electromagnetic radiation, such as UV light, X
rays, gamma rays, or a particle radiation with

Lignocellulosic biomass, a promising renewable
resource for obtaining value-added bioproducts,
is composed mainly by cellulose, hemicellulose
and lignin. Hemicellulose, the second most
abundant natural polymer on earth (Agbor,
2011) is represented mostly by xylan, a complex
polysaccharide that consists of xylopyranosyl
residues linked by β-1.4-glycosidic bonds.
The breakdown of xylan to simpler compounds
requires the action of a group of enzymes
called xylanases, that have numerous
applications in various fields such as: pulp and
paper industry, food, feed, fabric bioprocessing, bio-fuels, beverages and juices and
many others (Dhiman et al., 2008; Haki and
Rakshit, 2003; Mandal, 2015; Polizeli et al.,
2005). The main sources for xylanases are
bacteria and fungi, the most important producers
being: Bacillus spp., Streptomyces spp.,
Pseudomonas spp. (Amore et al., 2014;
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strains after the UV treatment and to obtain
isolated colonies. Several isolated mutant
strains were randomly selected for further
analysis.

beta and alpha particles or fast and thermal
neutrons (Kodym and Afza, 2003; Ghazi et al.,
2014; Abdel-Aziz et al., 2011; Kumar et al.,
2009).
Chemical mutagenesis can be performed with
alkylating
agents
(N-methyl-N’-nitro-Nnitrosoguanidine, ethyl methane sulfonate, Nmethyl-N-nitrosourea, dimethyl nitrosamine
etc.), intercalating agents (ethidium bromide) or
azides (sodium azide) (O’Hanlon et al., 2012;
Khodayari et al., 2014; Kodym and Afza, 2003;
MacLeod et al., 1994; Hanim et al., 2013).
The aim of this study was the improvement of
Aspergillus brasiliensis ATCC 16404 and
Penicillium digitatum abilities to produce
xylanase using random mutagenesis. The
mutagenesis was performed with either
physical agent (UV irradiation) or chemical
agents (N-methyl-N’-nitro-N-nitrosoguanidine
or ethyl methane sulfonate).

Chemical mutagenesis with N-methyl-N’nitro-N-nitrosoguanidine (NTG)
After the 96 h culture growth of the Aspergillus
brasiliensis and Penicillium digitatum strains,
the spores were harvested and suspended in 20
ml sterile distilled water. For the non-treated
control, 1 ml of sodium phosphate buffer
(pH=7) was then mixed with 9 ml of spore
suspension. For the chemical mutagenesis, a
solution of 150 µg/mL of NTG in sodium
phosphate buffer (pH=7) was prepared and 1ml
of this solution was added to 9 ml of fungal
spore suspension in order to obtain the samples
for the NTG mutagenesis. Both non-treated
control and mutagenesis samples were
incubated at 30°C for 30, 45, 60, 75, 90 and
100 minutes. At each time interval, 2 mL of
samples were withdrawn from the non-treated
spore suspension and mutagenesis samples.
After incubation, the samples were centrifuged
at 4500 rpm for 30 minutes and washed with
sterile distilled water. Then, the samples were
centrifuged again at 4500 rpm for 2 minutes,
followed by resuspension of cell pellet in 10
mL of sodium phosphate buffer (pH=7). For
both control and mutagenesis samples, 10-fold
serial dilutions were performed and were plated
on PDA medium and incubated at 30°C for 48
h in order to determine the viability of strains
after the chemical mutagenesis with NTG and
to obtain isolated colonies. Several isolated
mutant strains were randomly selected for
further analysis.

MATERIALS AND METHODS
Microorganism
The fungal strains Aspergillus brasiliensis
ATCC 16404 and Penicillium digitatum were
provided by the Department of Genetics and
Genetic Engineering of the Faculty of
Biotechnology in USAMV Bucharest.
The strains were subcultured on potato dextrose
agar (PDA) medium at 30°C for 96 h.
Physical mutagenesis with UV irradiation
In order to perform the physical mutagenesis
through UV irradiation, 5 ml of sterile water
was added to each of the Petri plates with the
96 h growth of the fungal strains and spread
over the surface with a sterile Drigalski spatula.
The excess was transferred to a Petri dish and
the process was repeated. 1 ml of the spore
suspension was withdrawn for control group.
The spore suspensions were exposed to
irradiation at the wavelength of 254 nm at a
distance of 10 cm for 5, 10, 20, 30 and 50
minutes in a vertical laminar flow cabinet. The
Petri plates were uncovered and occasionally
mixed. After each UV treatment period, 1.5ml
were withdrawn for sampling analysis. For both
control and samples, 10-fold serial dilutions
were made and were plated on PDA medium.
The Petri dishes were incubated at 30°C for 48
hours, in order to determine the viability of

Chemical mutagenesis with ethyl methane
sulfonate (EMS)
After the 96 h culture growth of the Aspergillus
brasiliensis and Penicillium digitatum strains,
the spores were harvested and suspended in 20
ml sterile distilled water. For the non-treated
control, 1 ml of sodium phosphate buffer
(pH=7) was then mixed with 9 ml of spore
suspension. For the chemical mutagenesis, a
solution of 150 µg/mL of EMS in sodium
phosphate buffer (pH=7) was prepared and 1ml
of this solution was added to 9 ml of fungal
spore suspension in order to obtain the samples
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every 24 hours for the occurrence and
evaluation of the halo diameter (indication of
hydrolysis area). The Petri plates were flooded
with 0.4% Congo red dye and after 10 minutes
washed with 1M NaCl (Adesina and Onilude,
2013).
Based upon the measurements of the halo
diameter, each isolated strain was graded as
follows: low relative xylanase activity (+),
medium relative xylanase activity (++) and
high relative xylanase activity (+++). The
fungal strains that indicated a relative high
xylanase activity (+++) were selected for
further analysis.

for EMS mutagenesis. Both non-treated control
and mutagenesis samples were incubated at
30°C for 30, 45, 60, 75, 90 and 100 minutes. At
each time interval, 2 mL of samples were
withdrawn from the non-treated spore
suspension and mutagenesis samples. After
incubation, the samples were centrifuged at
4500 rpm for 30 minutes and washed with
sterile distilled water. Then, the samples were
centrifuged again at 4500 rpm for 2 minutes,
followed by resuspension of cell pellet in 10
mL of sodium phosphate buffer (pH=7). For
both control and mutagenesis samples, 10-fold
serial dilutions were performed and were plated
on PDA medium and incubated at 30°C for
48 h in order to determine the viability of
strains after the chemical mutagenesis with
EMS and to obtain isolated colonies. Several
isolated mutant strains were randomly selected
for further analysis.

Quantitative screening for xylanase production
After the qualitative screening, the selected
fungal strains, were subjected for a quantitative
screening. Therefore, the original and mutant
isolates were cultivated on liquid medium with
0.5% wheat bran or powder wheat bran and
0.3% xylan as the carbon source. Other
components of the medium were (g/L): 0.05 g
MgSO4·7H2O, 0.005 g CaCl2, 0.005 g NaNO3,
0.009 g FeSO4·7H2O, 0.002 g ZnSO4, 0.012 g
MnSO4, 0.23 g KCl, 0.23 g KH2PO4, 2 g
peptone (Adesina and Onilude, 2013). The
Erlenmeyer flasks (250 mL) containing the
medium were inoculated with the selected
original and mutant strains and incubated at
28±2ºC in an incubator with shaker at 120 rpm
for 7 days.

Viability of fungal strains after mutagenesis
The viability of the fungal strains after physical
or chemical mutagenesis was determined by
comparing the calculated colony forming units
of the Petri plates inoculated with the serial
dilutions with the colony forming units of the
non-treated control plates.
Therefore, the colony forming units were
calculated as follows:
CFU/mL =

Number of colonies x dilution factor
Volume of culture plate

Xylanase assay
At every 24 h, samples were collected from the
flasks and centrifuged at 4500 rpm for 30
minutes. The supernatants were analysed for
the xylanase activity according to the DNS
assay for reducing sugars (Miller, 1959; Bailey
et al., 1992). Assay mixture consisted of 0.5
mL sample and 0.5 mL of 0.6% oat spelt xylan
(0.6 g in 100 ml of 0.05M sodium acetate
buffer, pH=5.3) and was incubated in water
bath at 40ºC for 10 min. The reaction was
terminated by adding 1 mL of 3.5dinitrosalicylic acid (DNS) reagent and boiling
for 5 min. 3 mL of distilled water was added to
the mixture and after 30 min the absorbance
was read at 540 nm using a spectrophotometer
to determine de amount of sugar released by
the enzyme. One unit of xylanase was defined
as the amount of enzyme that released 1 μmol

Screening for xylanase activity
Qualitative screening for xylanase production
The fungal isolates from both original and
mutant strains were subjected to screening for
their xylanase activity using the plate screening
method on selective xylan agar medium with
0.8% oat spelt xylan as the only carbon source
(Sridevi and Charya, 2013). The medium had
the
following
composition
(g/L)
as
recommended by Adesina and Onilude (2013):
0.05 g MgSO4·7H2O, 0.005 g CaCl2, 0.005 g
NaNO3, 0.009 g FeSO4·7H2O, 0.002 g ZnSO4,
0.012 g MnSO4, 0.23 g KCl, 0.23 g KH2PO4,
2 g peptone, 19 g agar. The Petri plates
containing the medium were inoculated with
the microorganism in the centre of the dish.
The plates were incubated at 28±2ºC for 3 to 10
days, depending on the strain and analysed at
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reducing sugar as xylose equivalent per minute
in the reaction mixture under the specified
assay conditions.

The determination of relative xylanase activity
based on the halo diameter (low xylanase
activity +, medium xylanase activity ++ and
high xylanase activity +++) allowed the
observation that both physical and chemical
mutagenesis lead to obtain A. brasiliensis
mutant strains with xylanase activities higher or
comparable with the original strains (Table 1).

Protein assay
In order to determine the specific enzymatic
activity, the quantification of total amount of
soluble protein was measured using the Lowry
method (1951).

Table 1. Relative xylanase activity for Aspergillus
brasiliensis mutant strains

RESULTS AND DISCUSSIONS

Aspergillus brasiliensis ATCC 16404
Relative
Mutant
Mutagen agent
xylanase
strain
and time
activity
exposure (min)
UV1
UV 5
+
UV2
UV 5
+++
UV3
UV 10
+++
UV4
UV 10
+
UV5
UV 10
++
UV6
UV 20
+
UV7
UV 20
+++
UV8
UV 20
+++
UV9
UV 30
+
UV10
UV 30
+
UV11
UV 30
+++
UV12
UV 50
++
UV13
UV 50
+
UV14
UV 50
+++
NTG1
NTG 30
++
NTG2
NTG 45
+++
NTG3
NTG 60
+
NTG4
NTG 75
+
NTG5
NTG 90
+
NTG6
NTG 90
+++
NTG7
NTG 100
++
NTG8
NTG 100
+
EMS1
EMS 30
+
EMS2
EMS 45
+
EMS3
EMS 60
+
EMS4
EMS 75
++
EMS5
EMS 90
+++
EMS6
EMS 90
++
EMS7
EMS 100
+
EMS8
EMS 100
+++

Qualitative screening of isolates for xylanase
activity
The original and the mutant isolates of
Aspergillus brasiliensis ATCC 16404 and
Penicillium digitatum obtained with physical or
chemical mutagenesis were evaluated by
measuring the clear zones of hydrolysis of
xylan (Figure 1 and Figure 2) around the fungal
colonies grown on xylan containing medium.

Figure 1. Clear zone of hydrolysis of xylan
(Aspergillus brasiliensis ATCC 16404)

After the analysis of the results (Table 1), ten
mutant strains that showed high relative
xylanase activity were selected for further
determinations of xylanase activity, as follows:
A. brasiliensis UV2, A. brasiliensis UV3,
A. brasiliensis UV7, A. brasiliensis UV8,

Figure 2. Clear zone of hydrolysis of xylan
(P. digitatum)
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were cultivated in liquid medium and xylanase
activity was determined by DNS assay for
reducing sugars.
The results showed that there are differences
between the enzymatic activity of the original
strain and the xylanase activity of the mutant
ones (Table 3).
In addition, it was observed that several mutant
strains showed different behaviour in liquid
medium: the fungal mycelium surrounded the
wheat bran substrate and circular pellets
formations are formed (Figure 3).

A. brasiliensis UV11, A. brasiliensis UV14,
A. brasiliensis NTG2, A. brasiliensis NTG6,
A. brasiliensis EMS5 and A. brasiliensis EMS8.
Similar results were obtained regarding the
relative xylanase activity with P. digitatum
subjected to physical and chemical mutagenesis
(Table 2).
Table 2. Relative xylanase activity for Penicillium
digitatum mutant strains
Mutant
strain
UV1
UV2
UV3
UV4
UV5
UV6
UV7
UV8
UV9
UV10
UV11
UV12
UV13
UV14
NTG1
NTG2
NTG3
NTG4
NTG5
NTG6
NTG7
NTG8
EMS1
EMS2
EMS3
EMS4
EMS5
EMS6
EMS7
EMS8

Penicillium digitatum
Mutagen agent and
Relative xylanase
time exposure (min)
activity
UV 5
+
UV 5
+
UV 10
+
UV 10
++
UV 10
+
UV 20
+++
UV 20
+++
UV 20
+
UV 30
+++
UV 30
+
UV 30
+++
UV 50
+++
UV 50
+
UV 50
++
NTG 30
+
NTG 45
+
NTG 60
+++
NTG 75
++
NTG 90
+
NTG 90
+++
NTG 100
++
NTG 100
+
EMS 30
+
EMS 45
+
EMS 60
+
EMS 75
++
EMS 90
+
EMS 90
+++
EMS 100
++
EMS 100
+

Figure 3. Circular formations of Aspergillus brasiliensis
UV11 in wheat bran liquid medium
Table 3. Xylanase activity of mutant strains compared
with the original ones
Microorganism

A. brasiliensis ATCC
16404 (wild type)
A. brasiliensis UV2
A. brasiliensis UV3
A. brasiliensis UV7
A. brasiliensis UV8
A. brasiliensis UV11
A. brasiliensis UV14
A. brasiliensis NTG2
A. brasiliensis NTG6
A. brasiliensis EMS5
A. brasiliensis EMS8
P. digitatum (wild type)
P. digitatum UV6
P. digitatum UV7
P. digitatum UV9
P. digitatum UV11
P. digitatum UV12
P. digitatum NTG3
P. digitatum NTG6
P. digitatum EMS6

After the measurements of the halo diameter
(Table 2), eight mutant strains of P. digitatum
were selected and subjected to further
evaluations: P. digitatum UV6, P. digitatum
UV7, P. digitatum UV9, P. digitatum UV11,
P. digitatum UV12, P. digitatum NTG3,
P. digitatum NTG6 and P. digitatum EMS6.
Quantitative screening of isolates for
xylanase activity
The selected mutant strains from both
A. brasiliensis ATCC 16404 and P. digitatum
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Xylanase activity
(µmol/ml/min)
Wheat bran
Powder wheat
medium
bran medium
2.12
2.39
1.59
1.65
2.08
1.95
1.86
2.89
2.40
1.10
0.95
1.09
2.45
1.50
1.23
0.87
2.10
2.53
2.09
1.63
1.17

2.29
2.20
2.75
2.07
1.54
3.18
2.41
1.05
1.12
1.23
2.52
1.38
1.34
1.14
2.40
2.65
2.48
1.42
1.23

with the protein content obtained in other
studies (Ho and Ho, 2015).
Regarding the specific enzymatic activity, the
best results were obtained with the strain A.
brasiliensis UV14 that present a specific
enzymatic activity of 1.5 µmol/mg protein,
higher than the activity of the original strain 1.14 µmol/mg protein. The specific enzymatic
activity obtained was higher than the activity of
the wild strain with almost 32%.
For Penicillium digitatum mutants, there were
similarity between the results of specific
xylanase activity in comparison with the wild
strain.
UV mutagenesis
The fungal microorganisms that had a high
xylanase activity compared with the wild strain
were: A. brasiliensis UV7 and A. brasiliensis
UV14.
The mutant strain A. brasiliensis UV14 obtained
after physical mutagenesis with UV irradiation
for 50 minutes exposure time had the highest
xylanase activity of 2.89 µmol/ml/min on
wheat bran medium, and of 3.18 µmol/ml/min
on powder wheat bran medium (Table 3).
These values were higher compared with the
original strain: with 36.3% higher in liquid
wheat bran medium, and 33% higher in powder
wheat bran medium, respectively. Moreover,
the ability of the mutant UV14 to degrade xylan
was increased comparing with all the other
selected mutants (Table 3). These results were
comparable with the records of other scientists
(Ho and Ho, 2015).
Regarding the Penicillium digitatum evaluations,
the mutant strain that had the highest xylanase
activity was P. digitatum UV12 obtained after
UV irradiation for 50 minutes. The xylanase
activity detected was 2.53 µmol/ml/min on
wheat bran medium and 2.65 µmol/ml/min on
powder wheat bran medium (Table 3), being
the highest among other mutant strains and
original one. Although the ability of
Penicillium digitatum to produce xylanase is
not well researched (Cole and Wood, 1970), in
this study, P. digitatum UV12 had a relatively
high xylanase activity.
The viability of fungi after the UV irradiation
treatment ranged between 23% (after 20
minutes of exposure) and 29% (after 50
minutes of exposure). These results suggest that
the selected fungal strains with increased

At a microscopic level details regarding the
interactions between fungal hyphae and wheat
bran substrate were observed (Figure 4).

Figure 4. Microscope image of the hyphae of
A. brasiliensis UV11 cultivated in liquid medium
with wheat bran as substrate

Protein assay
For the fungal microorganisms that were
detected with high xylanase activity, it was
determined the protein content, in order to
evaluate the specific enzymatic activity. The
protein amount is expressed in mg protein/mL.
The results demonstrate that both physical and
chemical mutagenesis had a small influence on
the protein production of the mutant strains
(Table 4).
Table 4. Protein content and specific xylanase activity of
the mutant strains
Fungal strain

Protein
concentration
(mg/ml)

A. brasiliensis
ATCC 16404 (wild
strain)
A. brasiliensis UV7

0.209

A. brasiliensis UV14
Aspergillus
brasiliensis NTG2
P. digitatum (wild
type)
P. digitatum UV12
P. digitatum NTG3

Specific
enzymatic
activity
(µmol/mg
protein)
1.14

0.215
0.212

1.27

0.206

1.16

0.49

0.51

0.57
0.42

0.46
0.59

1.5

The protein content of A. brasiliensis UV7 of
0.215 mg/mL was the highest amongst the
others mutant strains (Table 4), and was similar
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The best xylanase activity of 2.89 µmol/ml/min
on wheat bran medium, and of 3.18 µmol/ml/min
on powder wheat bran medium was obtained
with Aspergillus brasiliensis UV14 a mutant
strained resulted after 50 minutes of exposure
to UV irradiation. Therefore, there was an
increase of xylanase production in comparison
with the wild strain with 36.3% higher in liquid
wheat bran medium and 33% higher in powder
wheat bran medium.
The best specific xylanase activity was
obtained also with Aspergillus brasiliensis
UV14 with 1.5 µmol/mg protein, higher than the
original strain - 1.14 µmol/ mg protein. The
increment between the specific xylanase
activity of the mutant strain and the wild one
was almost 32%. A less studied strain regarding
xylanase production, Penicillium digitatum
UV12 had a relatively high xylanase activity,
thus implying the need to further research.
In this study, UV mutagenesis appeared to be a
successful method for enhancing the xylanase
activity.

degradative abilities could be considered as
mutants.
Furthermore, in this study it was concluded that
the mutagenesis with UV irradiation has
resulted in obtaining mutant strains with higher
xylanase activity in comparison with chemical
mutagenesis.
Mutagenesis with N-methyl-N’-nitro-Nnitrosoguanidine (NTG)
The treatment of fungi with the chemical
mutagen N-methyl-N’-nitro-N-nitrosoguanidine
determined a decrease of fungal viability to
almost 36% after 100 minutes of exposure.
Among the selected mutants, the highest xylanase
activity was observed with A. brasiliensis
NTG2, a mutant strain obtained after 45 minutes
of NTG exposure. The xylanase activity of this
strain was 2.40 µmol/ml/min on wheat bran
medium, higher with 13.2% than the activity of
the original strain, and of 2.41 µmol/ml/min on
powder wheat bran medium, comparable with
the original strain (Table 3). The results
regarding the increase of xylanase activity
between the original and the mutant strain were
comparable with other recorded results (Ho and
Ho, 2015).
Similar results were obtained in Penicillium
digitatum: the mutant strain P. digitatum NTG3
selected after 60 minutes of NTG exposure
exhibited a xylanase activity of 2.48 µmol/ml/min
comparable with the activity of the original
strain (Table 3).
Mutagenesis with ethyl methane sulfonate
(EMS)
After the treatment with ethyl methane sulfonate,
the fungal viability has decreased with almost
30%, after 100 minutes of exposure.
All the mutant strains obtained with EMS had
lower values for xylanase activity compared
with the original strains for both A. brasiliensis
and P. digitatum suggesting a negative impact
on genes involved in xylanase production.
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Abstract
Acetochlor is a widespread used herbicide in maize crops; however, the environmental risk of its residues in the soilplant system remains unknown. There was assessed the dissipation dynamics of acetochlor doses and its impact on
residue level and microbial activity in soil over a season of vegetation. Since the herbicide was applied to the soil
surface, its degradation varies as a dependence of concentration, soil type, pH, organic matter and environmental
conditions. The field soil samples extraction in different imposed conditions of depths, time and herbicide application
revealed a moving deeper of doses. The increased dose (80%+Rd) affects the persistence of acetochlor in the top layer
by increasing its half-life from 14 to 17 days. Dissipation followed a first order kinetics. The diversity of soil microbial
community changed after the introduction of acetochlor doses. An evident increase of bacteria and soil microorganisms
was observed; however, fungal growth was prone to be inhibited. The higher concentration of herbicide was found to
be safe, as well as the residues of acetochlor below maximum residue limits (MRL) at the end of maize crop season.
Key words: adsorption, degradation, microorganisms, residues.

INTRODUCTION

2011). There are studies that organochlorine
compounds are toxic, bioaccumulative and tend
to persist due to the lipophilic characteristics
(Gavrilescu, 2010; Miclean et al., 2011).
Herbicides are the main type of pesticide
causing public concern because of their implied
short and long term risks for ecosystems and
for human health (Pogăcean et al., 2009).
However, many of these compounds have been
proved a mutagenic and carcinogenic character.
Acetochlor
(2-chloro-N-ethoxymethyl-6ʹethylaceto-o-toluidide) is a selective herbicide
used in conditions of pre-emergence or preplant
to control mainly annual grasses and broadleaf
weeds; its physical properties are given in
Table 1. Acetochlor possessed the capability to
be adsorbed by shoots and germinating plants
roots and inhibits cell division by blocking
protein synthesis (Tomlin et al., 2009). As a
member of acetanilide herbicide family, it was
widely detected as a pollutant in soil and
surface water at concentrations values higher
than the European Union accepted limit for

Environmental contamination with pesticides
and heavy metals as a result of agricultural and
industrial activities represents an ongoing
concern (Gavrilescu, 2010). The protection of
crops is a top priority for the agricultural
productivity improvement to sustain an
exponential growing population (Gupta et al.,
2012).
Sustainability
of
agricultural
technologies, including intensive agriculture,
integrated pest management and ecological
farming is focused on soil quality, the relation
between its use and management and the
environment (Székács et al., 2014).
The widespread use of pesticide in agriculture
leads to soil contamination, surface water and
groundwater. These pesticides are broadly
applied to crops in different stages of
cultivation (preemergence, postemergence) to
provide protection against pests and thus to
prevent/reduce agricultural losses and to
improve the production yield (Zhang et al.,
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drinking water of 0.1 µg L-1. It has become a
special concern due to its large quantity of use
and potential for transport and accumulation. In
1997, acetochlor was already the fourth most
used herbicide in US agriculture, with an
annual use of approximately 14800 tons, which
increased up to 16400 tons in 2002. The use of
it in EU and also in Romania is in a lesser
extend; it was ranked as the seventh most used
herbicide in the EU in 2003, with an annual use
of 2300 tons (Nadin et al., 2009).
Acetochlor is a B-2 carcinogen and may be
removed in conditions that exceeds the limits
of 0.10 µg L-1 in groundwater or 2.00 µg·L-1 as
an annual average in surface water (Xiaoyin et
al., 2011). Also it has been shown that
acetochlor could induce metamorphosis of
ranid species and accelerated T-3-induced
metamorphosis in amphibians (Crump et al.,
2002; Li et al., 2009).
Despite of its high ecological risks and wide
range applications, there are only a few
available data concerning acetochlor in
environmental protection and its persistence
under field conditions. Previous studies (Chao
et al., 2007; Xiao et al., 2005; Zhou et al.,
2006,) based on adsorption and degradations
experiments have been demonstrated a
high/medium risk of soil contamination,
especially in phaeozem soil type.

on the soil microbial communities in the
rhizosphere soil zone.
MATERIALS AND METHODS
Reagents
Acetochlor (95% purity) was supplied by Dr.
Ehrenstorfer GmbH, Augsburg, Germany. The
commercial
formulation
of
acetochlor
-1
(Guardian 820-860 g·L active ingredient,
Monsanto) was used for soil treatment.
Analytical reagents including acetone, nhexane and dichloromethane were bought from
Merck, Germany and used for sample
processing and extraction.
Field experiments
The area for field experiments on microbial
activity and on the persistence of acetochlor in
soil and plants was located at Ezăreni – The
Experimental Farm of the Agricultural
University Iasi (47⁰07ʹ N latitude, 27⁰30ʹ E
longitude), Romania using a split plot design.
The geographic location of the sampling site is
depicted on Figure 1.
The soil is a cambic chernozem (SRTS, 2012)
(haplic chernozem WRB-SR, 2006), with a
clay-loamy texture, 6.96 pH, 3.06% humus
content and a medium level of fertilization,
without irrigation (Table 2).

Table 1. Physical chemistry data for acetochlor
Chemical structure
Molecular formula
Molecular weight
Vapor pressure
Kow
Water solubility

C14H20ClNO2
269.77 g mol-1
3.4 x 10-8 mm Hg at 25oC
300
233 mg L-1

There is no report about its presence in
cheornozem soil type from Romanian in
temperate climate conditions. In this paper, the
research was focused on the investigation of
acetochlor evolution in soil and plants of maize
fields. Gas chromatographic mass spectrometer
was standardized for the quantitative
determination of acetochlor from soil and
plants, and on the residues level. Persistence
studies were also carried out under field
conditions to evaluate the impact of acetochlor

Figure 1. Spatial distribution of sampling and soil profile
in Ezăreni area (Iași County)

Maize (variety Pioneer PR38V91) was sown in
field plots and the size of each plot was 18 m x
7 m. Guardian (820-860 g L-1 a.i. acetochlor)
was applied at three different dosages, i.e.
2.2 L ha-1 (Recommended dose), 3.1 L ha-1
(40%+Recommended dose) and 3.96 L ha-1
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(80%+Recommended dose) as a pre-emergent
spray on maize crop at 3 days after sowing with
the help of a knapsack sprayer. The high
concentration (80%+Recommended dose)
simulates a spill during the filling, while
40%+Recommended dose was to imitate
overlap application of the herbicide.

extraction was performed under optimized
conditions: extraction solvent acetone-hexane
(1:1, v/v); temperature: 140oC; pressure:
1500 psi; heat-up time: 5 min; flush volume:
60%; purge: N2 60 s; number of cycles: 1.
Gas chromatographic analysis of acetochlor
was performed on Agilent 7832 GC equipped
with a mass spectrometer detector an autosampler, a split-splitless injector and a HP-5,
fused silica capillary column. The column oven
temperature program was used in different
steps as follows: initial temperature 50oC,
increased to 200oC at a rate of 30oC/min,
increased to 280oC at 10oC/min and held for
1 min, and then increased to 310oC and held for
3 min. The injector temperature was set to
250oC in splitless mode (volume injected
1.00 µL) and MS temperature was 280oC. The
carrier helium (99.999%) with a flow rate of
0.8 mL·min-1 was selected based on the
instrument optimization results provided by the
manufacturer’s identification of peak and
compared with the retention time of the
compound with the standard solution.

Table 2. Main properties of the soil
Measurements
Bulk density (g cm-3)
pH (1:2.5)
Clay (g kg-1)
Coc (%)
Ca+Mg+Na+K
Humus
Texture class

Amount
1.33
6.96
41.8
1.30
17.47 meq 100 g-1
3.06
clay-loamy

Data collection
Soil samples for acetochlor persistence were
randomly collected from 0-25 cm depth using a
tube auger from 7-8 spots in each plot.
Approximately 1000 g of soil was collected
from each plot. The samples were taken at
intervals of 0, 5, 10, 15 and 30 day after the
initial herbicide treatment and after the crop
harvest time from all the treated plots.
Plant samples from each plot were collected
(500 g) at the crop harvest time. The samples
were then subjected to different treatments:
mixed thoroughly, air dried ground and passed
through a 2 mm sieve and stored in sterile glass
bottles in the dark at 4oC until analysis.
In order to assess the effect of acetochlor on
soil microbiology, soil samples were collected
before and after the treatment considering an
interval of 7, 14 and 21 days. The procedure of
samples collection included samples at a depth
of 10 cm. After this step, they were processed
by grinding and homogenization in a sterile
mortar.

Determination of soil microorganisms
The total numbers of microorganism and
colony forming units (CFUs) of fungi and
bacteria were determined by serial dilution and
plating into selective media methods.
One gram of soil was mixed with 9 mL sterile
water (dilution 10-1) and then 1 mL of the
dilution 10-1 was poured into 9 mL sterile
water (dilution 10-2). After a successive tenfold
dilution series, 10-2 to 10-6 dilution were
prepared. Aliquots (0.1 mL) of 10-2 to 10-6
dilution were spread on simple PDA (potatodextrose-agar) medium for the total number of
microorganisms. Similarly, aliquots (0.1 mL)
of 10-2 to 10-6 dilution were spread on PDA
with streptomycin (35 mg·kg-1) medium for the
number of bacteria. The numbers of bacteria or
fungi were counted using the plate counting
method after 24 hours for the bacteria colonies
and 5 days for the fungi colonies. The
experiments were performed in triplicates.

Pesticide extraction and residue analysis
The soil and plant samples were used in a
solvent extraction procedure using accelerated
solvent extraction (ASE) according with the
Environmental Protection Agency (EPA)
method 3545 for the analysis of organic
compounds in solid matrices. A total quantity
of 10 g from each sample was mixed in a
mortar with 3 g Diatomaceous earth and the
mixture was added directly to the extraction
cell containing cellulose extraction filters. The

Recovery assay
A recovery assay was conducted to confirm the
validity of the method described above. Known
amounts of acetochlor were added to 10 g soil
samples to give final spiked concentrations of
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0.01 and 0.5 mg·kg-1 of dry soil. Extraction
procedure and analysis were performed in
triplicate as described previously.

should be also noticed a variation for
concentration values between 0.301 and
0.304 mg·kg-1 acetochlor, after 5 days after
application of 40 and 80% + Rd in the top
0-5 cm. This case indicates a lesser adsorption
strength in the conditions of increasing of
herbicide concentration.
As pointed out by adsorption isotherms (data
not shown), the affinity of the acetochlor
molecules and soil particles decreases with
increases in acetochlor concentration. Several
authors have reported L-type isotherms for
acetochlor (Giles et al., 1974; Weber et al.,
1989; Hiller et al., 2008).
According to these circumstances and taking
into account the physicochemical properties,
acetochlor seems to be more likely levigated
particularly at high concentration. Also, the low
adsorption and the rainfall event three hours
after pesticide application lead to a dispersion
to lower depths, especially at 80%+Rd
followed by 40%+Rd. The residual acetochlor
detected in depth of 5-10 cm were in the range
of 0.169-0.259 mg·kg-1 but lower than in the
case belonging to the depth of 0-5 cm soil.
Baran et al. (2004) reported that the residual
acetochlor had been detected at 60-70 cm depth
of a Luvisol 7 days after being directly sprayed
onto the soil surface.
In the experimental measurements (Figure 3)
after 30 days of pesticide application it was
shown that only 53.75% of the initially applied
pesticide remained in 0-10 cm depth at
80%+Rd against, 49.15% in 40%+Rd and
44.89% in Rd. It can be observed a decreasing
of acetochlor concentration value as a
dependence of the increasing of time.

RESULTS AND DISCUSSIONS
Evaluation of recovery
The average recoveries of acetochlor from the
soil are shown in Table 3. The recoveries of
acetochlor from soil ranged from 80.9% to
96.04% with a relative standard deviation
(RSD) of less than 1.4%. The limits of
detection and quantification were found to be
0.2 ng·g-1 and 0.67 ng·g-1 of dry soil,
respectively. This data indicated that the
extraction method is satisfactory for the
analysis of residual acetochlor from soil.
Table 3. Average recovery and relative standard
deviation of different samples
Fortified
level
(mg·kg-1)
0.01
0.5

Mean
recovery (%)

Relative standard
deviation (%)

81.6
94.1

1.4
0.4

Persistence and mobility of acetochlor
One application of acetochlor was giving
residues to maize crop at all three doses
applied. In the case of all three rates of
application the highest amounts of acetochlor
were always found in the top 0-10 cm soil layer
(Figure 2).

Figure 2. Distribution of acetochlor residues under field
conditions. All values represent means ± standard
deviation of triplicate samples. Means with different
letters are significantly different (p˂0.05) by Duncan test
Figure 3. Soil residues after 30 days. All values represent
means ± standard deviation of triplicate samples. Means
with different letters are significantly different (p˂0.05)
by Duncan test

This fact reflected a medium potential leaching
of acetochlor herbicide, most like due to
concentrations applied and rainfall events. It
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has been observed in some plants as a
mechanism of resistance to the herbicidal
activity of the compound. The possible ways of
acetochlor degradation and dissipation in
environment and plants include plant and soil
uptake and biotransformation via soil
microorganism on soil and conversion to
simpler products on plant surfaces.
Taken into account the final residues of
acetochlor in maize were below the EPAs MRL
(0.01 mg·kg-1), it could be considered as safe
for human beings and environment.

This fact is attributed to the combined effect
between acetochlor degradation and its
dispersion to a lower depth level. As the tested
soil had relatively high humus content (3.06%)
and proportion of clay-sand (22.9-41.8%),
which probably caused the acetochlor
molecules to be absorbed and therefore quickly
degradated, as the acetochlor in the surface soil
was prone to undergo highly chemical and
biological loss and volatilization (Jablonkai
2000; Ma et al., 2004; Dictor et al., 2008;
Hiller et al., 2009; Zhen et al., 2012).
In the case of recommended dose (Rd) after 30
days, it was observed the acetochlor residues
were below calibration curves at the depth of
10-15 cm and no residue below 15 cm depth.
While at 40%+Rd, herbicide residues reached
up to 20 cm but no residues were after 25 cm.
However, at values of 80%+Rd, in 10-15 cm
depth, 9% of the initially applied concentration
was reached after 30 days of acetochlor
application.
The
traceable
herbicide
concentration also reached the depth 20-25 cm
but no higher than 0.01 mg·kg-1. Possible
routes of acetochlor dissipation in the
environment include plant species, climatic
conditions,
photo
conversion
and
biotransformation via soil microorganisms and
soil.
The moment corresponding to the end of crop
period suggests that traceable concentrations
were reached and otherwise completely
degraded. In the conditions of the applied dose
of 80%+Rd the residual acetochlor remaining
at the harvest time were higher in surface soil
0-10 cm and around of 0.0027 mg·kg-1.
Similarly, at Rd and 40%+Rd variants,
concentrations persist but were mainly limited
to 0.001 mg·kg-1 at the end of crop period. The
differences between the residual concentrations
of acetochlor were mainly caused by leaching,
the changes of microbial structure and function
and the correlated specific metabolic pathways
(Baudoin et al., 2001; Marchand et al., 2002).

Microbial activity
Many of the pesticide used in modern
agriculture present a high potential to influence
the number and functions of a diverse range of
soil microorganisms that contribute to soil
microbiological processes and thus to soil
fertility (Saha et al., 2012).
The effect of acetochlor doses on the total
number of microorganisms is shown in Figure
4. Significant increase of soil biological activity
was observed in all the variants where
acetochlor was applied.
The number of microorganism g-1 in 40%+Rd
variant was significantly increased compared to
Rd and 80%+Rd variants, on 7 and 14 day and
much greater than the level of control (before
herbicide application) on day 21. Furthermore,
the Rd and 80%+Rd biological activity, was
almost equal and some lower compare to first
variant. As it was noticed in our research and
many other studies, the soil microorganisms
generally react to herbicide molecule by
increasing their biomass and activity although
inhibitory (at 80%+Rd) effects have also been
noted. This observation was in agreement with
previously published studies (Zhen et al.,
2012).
Compared to the number of microorganism g-1,
the ratio between the mains group of
microorganism not only were significantly
higher but also present a difference derived
from the doses applied. The log values of
fungal biomass at 40%+Rd ranged from 3.9 to
4.6 and were significantly increased from day
7 to day 21; in the case of Rd and 80%+Rd,
their log values varied between 3.8 and 4.2 and
were decreased to 0.465-0.477 log units from
day 14 to day 21. The increase in fungal
diversity may have resulted from the release of

Residues in maize
The active ingredient acetochlor was below
calibration curves at recommended dose and
40%+Rd whereas at higher field rate (80%+Rd)
was 0.0011 mg·kg-1 at harvest time. These
residue levels for acetochlor could be related to
the conjugation with GSH and cysteine, which
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additional organic carbon as the acetochlor
degraded, because the degradation half-life of
acetochlor in soil is between 3 and 6 days
(Zheng et al., 2001). Guo et al. (2009) reported
that the soil fungi population increased at day 7
after application of 25 and 75 mg·kg-1
acetochlor, decreased at day 14, and recovered
thereafter. Le et al., (2010) reported that the
diversity indices changed rapidly after
application of 250 mg·kg-1 and were lower than
those from 50 and 150 mg·kg-1 acetochlor
treatment. Comparing with these results, our
research is more consistent.

the number of fungus, all changes in soil on the
frequency were in response to acetochlor
application. The results showed that acetochlor
application led to an increase in the proportion
of some common fungi such Penicillium,
Fusarium and Aspergillus. In spite of a high
dose, only one genus proliferated, while
identical species in all three variants were
obtained. Our results showed that the most
significant shift appeared in day 7, whereas the
drastic change in the Penicillium abundance
occurred in day 14 and 21.
The temporal alteration of soil microbial might
be due to different responses of microbial
groups to the applied acetochlor: bacteria,
affect in early stage the metabolism of soluble
compounds whiles fungi degraded resistant
complexes in the later decomposition phase.
Degradation
Concerning the chloroacetanilide herbicide
effect on soil microbial activity to its
persistence in soil it was necessary to establish
the degradation kinetics of this molecule. The
dissipation patterns of acetochlor in chernozem
soil are presented in Figure 5.

Figure 4. The effect of acetochlor doses on the total
number of microorganisms

For the bacterial biomass completely reverse
trends responding to acetochlor doses were
observed: at 80%+Rd their log values were
significantly decreased by 0.270 units on day 7
and 0.424 on day 14 respectively; thereafter,
increased in day 21 and were almost equal to
Rd variant. An increase in bacterial CFUs was
observed in Rd and 40%+Rd from 7 to 21 day.
Feng et al. (2008) studied the effects of
acetochlor on soil microbiology and showed
that acetochlor decreased the biomass of
bacteria soon after application, but the biomass
of bacteria recovered to a level similar to that
of the control over time.
The increase in fungal diversity after acetochlor
application may be explained due to the
negative effect of acetochlor on bacterial
population. This fact could result in a decrease
in competition for nutrients among the
remaining soil microbes (Le et al., 2010).
The soil fungal composition was altered after
increased acetochlor treatment. As a
consequence of the control soil (before
acetochlor application) displayed no changes in

Figure 5. Degradation curves of acetochlor in soil.
All values represent mean ± standard deviation of
triplicate samples

The degradation followed a first order kinetics
for all three doses. In soil, dissipation was
quick during the first week and then slowed
down from third week onwards.
The dissipation rate was lowest at
recommended dose and 40%+Rd and highest in
80%+Rd. The half-lives of acetochlor were
calculated as 13.86 and 17.32 days respectively
with r2 values of 0.967 and 0.978 respectively.
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Our results are in agreement with the reports of
Xiao et al. (2006), where it was reported that
the degradation rates may be influenced by the
initial concentrations, because in soil the
degradation rate of acetochlor is faster at the
lowest concentration (5 mg·kg-1) than at a
highest one (80 mg·kg-1).
Mills et al. (2001) reported that half-life of
acetochlor in surface soils was 18 days, whilst
in subsurface soils down to 4.6 mbs, range
from 2 to 88 days. These data shows a
relatively fast decline of residues in field soil
due to environmental conditions that control
soil temperature and moisture content.
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CONCLUSIONS
Acetochlor was found in the Am horizon of the
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The residue trends of all three doses are in the
same pattern but at different concentration
levels.
Studies have shown that a fraction of
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This review study aimed to give information about the use of plant extracts in meat product processing as antimicrobial
and antioxidant agent. Microbial spoilage and lipid oxidation are the major causes of the deterioration and reduction
of shelf-life in meat products. Lipid oxidation in meat products results in formation of off-flavors and undesirable
chemical compounds such as aldehydes, ketones, alcohols and hydrocarbons. Growth of microorganisms in meat
products causes not only microbial spoilage but also development off oodborne diseases. To inhibit lipid oxidation and
growth of microorganisms, especially pathogenic microorganisms in meat products, several preservation techniques,
such as pasteurization, reduction of water activity (salting, drying, freezing etc.), acidification, fermentation, synthetic
and natural antimicrobial and antioxidant additives have been used in meat industry. Many synthetic and natural food
additives such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), propyl gallate, α-tocopherol,
nisinand organic acidsare commonly used in the meat industry to inhibit or delay the oxidation process and reduce the
microbial growth. In recent years, consumer demands for natural food additives have increased because of negative
and toxic effects of synthetic food additives on human health. Herbs, spices, fruits and vegetables, and their powders,
oils and extracts have been reported to be a good source of various phenolic compounds, such as flavonoids,
terpenoids, carotenoids, could therefore be incorporated in meat products as a source of natural antioxidants and
antimicrobials to extend shelf-life and safety of meat products.
Key words: edible films, myofibrillar proteins, water vapor permeability, moisture content, color of the films.

INTRODUCTION

unlike the myofibrillar proteins, are globular
proteins that require an initial heat
denaturation to form a continuous matrix
(Iwata et al., 2000). By the heat treatment, the
globular protein structure is changed, causing
an exposure of the -SH groups, and
concequently -S-S- links are produced
between the adjacent protein chains and also
hydrophobic interactions are occuring (PerezGogo and Krochta, 2001; Sobral et al., 2004,
2005; Garcia and Sobral, 2005);
c) fish muscle that contains both
myofibrillar and sarcoplasmatic proteins (Nile
Tilapia, Paschoalich et al., 2003).

The films are products obtained from food
biopolymers and additives having food purity.
Film-forming biopolymers can be proteins,
polysaccharides and lipids.
The preparation of edible films and edible
membranes, based on muscle protein, can be
accomplished using:
a) myofibrillar protein concentrates:
- fish surimi (Cuq et al., 1995, 1997;
Monterrey-Q, 1988);
- beef surimi (Souza et al., 1997);
- surimi from mechanically deboned
poultry, heart muscle (Ionescu et al.,
2008). The following categories of surimi
can be used: wet surimi, frozen or thawed
surimi, surimi dried by lyophilisation
(Monterrey-Q, 1998) or surimi dried in
the air (Cuq et al., 1997d);
b) sarcoplsamatic proteins (Iwata, 2001;
Tanaka et al., 2001). Sarcoplasmatic proteins,

MATERIALS AND METHODS
Bighead carp was procured fresh from the
local fish store.
The fish was transported to the laboratory in a
cool bag and then stored at 4°C until
processing.
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Determining the approximate chemical
composition
The contents of water, protein, fat and ash
were determined using standard method of
analysis (AOAC, 1990; Ionescu et al., 1992).
Also, moisture was determined by fast drying
to constant weight using the thermobalance
"Precisa XM 60" Total nitrogen was
determined by Kjeldahl semimicro method,
mineralization being performed in the "Trade
Raypa" facility. Total proteins were calculated
by multiplying the total nitrogen content by a
factor of 6.25. All chemical analyzes were
carried out in duplicate.
The pH was measured potentiometrically,
using the pH meter type "Hanna" using protein
dispersions with a concentration of 10%
(G/V)), at a temperature of 22 ± 1⁰C.
Samples were ran in duplicate.

Protein monomers and low molecular weight
peptides, formed during the conditioning of
film forming solutions and immobilized in the
network, may be water-soluble protein
components (Cuq et al., 1995).
Water vapor permeability
The values of water vapor permeability of
films based on fish myofibrillar proteins are
bigger (3.8-3.9x10-12mol.m/m2sPa) compared
to synthetic films: cellulose acetate (0.28 0.90x10-12mol.m/m2sPa),
high
density
-12
2
polyethylene (0.014 x 10 mol.m/m sPa) and
low density polyethylene (0.04-0.054 x 10-12
mol.m/m2sPa), but lower than in case of films
based on corn zein (6.5 x 10-12 mol.m/m2sPa)
or soybean proteins (194x10-12 mol.m/m2sPa).
Water vapor permeability of protein based
films is limited due to the inherent hydrophobicity of the proteins. Hydrophilic plasticizers,
such as glycerin, facilitate the transfer of water
vapor through protein based films.

The formation of biodegradable/edible films
In order to obtain the protein films, two
methods are used:
- the solvent process involves the protein
dispersion or solubilization in the film-forming
solution. This procedure has been extensively
studied and applied to produce edible / biodegradable films and membranes from diferent
proteins and, in particular myofibrillar proteins
(Cuq et al., 1995, 1998; Monterrey-Q, 1988);
- dry
process
is
based
on
the
thermoplasmatic properties of the proteins to a
low water content (Hernandez-Izquierdo et al.,
2008; De Graaf, 2000).

RESULTS AND DISCUSSIONS
In our experiment, edible / biodegradable films
were created using bighead carp myofibrillar
proteins.
Bighead carp myofibrillar proteins were
obtained by the conventional procedure of
repeated washing with cold water of the
minced meat, followed by centrifugation and
refining to remove water, water-soluble
substances, sarcoplasmatic proteins, lipids,
skin residues and bones (surimi procedure).

Properties of edible films and coatings
based on proteins
Films solubility
The proteins with high molecular weight are
generally insoluble in water and thus have a
high potential to form water-resistant films
(Cuq et al., 1998). Protein films do not lose
integrity after 24 hours of immersion in water
(Cuq et al., 1998b). Plasticizers used (sorbitol,
glycerin or sucrose) in the manufacture of
protein-based films increase the content of dry
substance soluble in water. In general,
hydrophilic plasticizers improve the solubility,
which increases when the levels of added
plasticizers is increased. Monterey-Q (1998)
reported that a significant part of glycerol
remains insoluble in water, suggesting the
production of protein-glycine interactions.

Table 1. Film-forming solutions composition
Fil
m
a
b
c
d
e
f
g
h

pH
Protein,
solution
g%
2.7
1.0
2.7
1.5
2.7
2.0
2.7
2.5
2.7
2.0
2.7
2.0
2.7
1.0
2.7
1.5

Glycerine,
%
50
50
50
50
30
70
30
40

Gelatine, Cyclodextrin,
g%
g%
2.0
1.0

Several film types were made using different
percentages of fish myofibrillar protein,
different levels of glycerin in strongly acidic
medium. In addition, composite films were
obtained by adding gelatin or cyclodextrins,
together with the basic constituents (protein,
glycerine, water). The compositions of film
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Film thickness
The film thickness was measured using the
micrometer in 10 randomly chosen areas. Film
thickness measurement accuracy was ±5%.
For each type of film, there were made 8 films,
their thickness being measured after drying
and conditioning. The average thickness and
standard errors of the films made for this paper
are shown in Table 3. In case of film-forming
solutions at pH 2.7, in Figures 2-5 are shown
the average thickness variations based on the
type of film, on the region of measurement, on
the protein concentration of the film forming
solution, on the level of glycerin added and on
the addition of gelatin or cyclodextrin. As it
can be seen, the films showed some nonuniformity of thickness, depending on the areas
where the measurements were made, the
thickness differences were not statistically
significant (p<0.05) (Figure 2). The average
thickness of the films increased from
0.030±0.001 mm to 0.067±0.002 mm with the
increase of fish myofibrillar protein level of
from 1% to 2.5%, in the presence of 50%
glycerol per 100 g protein (Figure 3). The
average thickness of the films was strongly
positively correlated with the levels of fish
myofibrillar protein from the film forming solutions, Pearson correlation coefficient is 0.94.

forming solutions (FFS) are indicated in Table 1.
Film types were designated with letters.
The approximate composition of bighead
carp myofibrillar proteins
The approximate chemical composition of
myofibrillar fish proteins is shown in Table 2.
According to Sikorski (1981), the protein isolate
obtained by the conventional procedure contains
myosin as main protein, which represents 50-60%
of the myofibrillar proteins.
Table 2. Approximate composition of bighead
myofibrillar proteins
Constituent

Water content
Total protein
Lipids
Ash

Wet weight,
g%
83.82829
14.68942
0.1951
0.1698

Quantity
Dry substance,
g/100 g s.u.
90.83406
1.206428
1.049982

Films appearance
All the films we obtained were transparent,
flexible and uniform. The films had smooth
surfaces, without pores or cracks visible to the
naked eye. When gelatine and cyclodextrin
were used for film formulations, they showed
a slightly yellowish color compared to the
films based only on fish proteins.
The appearance of the two parts of the film
was slightly different for all films made. The
lower part of the film that came into contact
with the casting plate was brighter, while the
top part of the film was dull, possibly due to
phase separation that occurs in solution during
the drying process.

Table 3. Thickness of the films basen on bighead carp
myofibrillar proteins
Films

Film thickness,
mm
0.030±0.001
0.052±0.001
0.066±0.002
0.067±0.002
0.066±0.002
0.075±.002
0.055±0.001
0.061±0.003

a
b
c
d
e
f
g
h

Films
i
j
k
l
m
n
o
p

Film thickness,
mm
0.066±0.03
0.098±0.09
0.100±0.04
0.061±0.03
0.088±0.04
0.041±0.04
0.082±0.04
0.105±0.05

0.08
0.07

Thickness, mm

0.06

Figure 1. Edible/biodegradable films

0.05
0.03
0.02
0.01
0

All kinds of films we obtained were easily
detached manually from the pouring plates,
except for the films with a higher addition of
glycerol (70 g per 100 g protein), these being
slightly sticky.

a
b
c
d

0.04

0

5

Measuring area

10

15

Figure 2. The variation of film thickness based on
bighead carp proteins depending on the measuring
location
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The water content, water solubility and
water vapor permeability of the films
The water content and water solubility
The contents of water and the water solubility
of the films based on fish myofibrillar proteins
(FMP) shown in Table 4, varied depending on
the type of film, within the limits of 19.94 ±
0.09 and 30.80 ± 0.09%, respectively 12.65 ±
0.08 and 24.58 ± 0.06%. The lowest water
content was found on the film with 1%
cyclodextrin addition (film h), and the biggest
on the film with 2.5% fish myofibrillar protein
content (film d). The lowest solubility in water
was found in case of film d, and the highest
solubility corresponded to the film with 2%
protein, pH 2.7 and 30% glycerol / 100 g
protein (film e). The water content and films
solubility depended on the compositions of
films forming solutions (FFS) (Figures 6, 7).
In the case of solutions with pH 2.7, the water
content correlated poorly positive with the
level of protein (r = 0.199), and negatively
with the solubility (r = -0.465). We found a
strong negative correlation between water
solubility and moisture content of the films
(r = -0.959). By increasing the protein content,
polymer networks more dense and more
resistant to water are formed. It is possible that
at strongly acid pH, the fish myofibrillar
proteins to undergo some structural changes
that influence physical parameters of the films.

Figure 3. The influence of the protein concentration on
the film thickness (pH 2.7)

In case of using various levels of glycerol, the
average thickness of the 8 films depending on
the measurement areas, varied within the
limits of 0.061 to 0.078 mm (Figure 4). The
highest average thickness was found in films
prepared with an addition of 70 g glycerin /
100 g protein (0.075 ± 0.002) mm. At a level
of 2% of protein there ware no differences in
thickness depending on the level of glycerol,
when it was within the range 30-50%
compared with the protein (Figure 5).
0.08

Thickness, mm

0.075
0.07
0.065

c

0.06

0.05

Table 4. The water content, water solubility and
water vapor permeability of the films

e

0.055

f
1

2

3

4

5

6

7

8

9

Film
type
a
b
c
d
e
f
g
h

10

Measuring area

Figure 4. Film thickness depending on the addition of
glyceroland on the measuring area (pH 2.7)

Solubility,
g%
19.35±0.03
18.23±0.1
16.55±0.05
12.65±0.08
17.21±0.06
17.88±0.06
21.32±0.03
22.51±0.05

Permeability X
10-10g m-1 s-1Pa-1
0.41±0.007
0.71±0.050
0.81±0.003
0.89±0.020
0.72±0.003
0.96±0.003
0.43±0.013
0.46±0.003

0.075
35
0.07

Solubility

25

0.065
0.06

Water content

30

g, %

Thickness, mm

0.08

Water content,
g%
29.31±0.08
26.11±0.08
25.81±0.07
30.63±0.09
27.72±0.05
28.76±0.06
29.09±0.1
19.94±0.09

30

50

70

20
15
10

Glicerin, g%

5

Figure 5. Film thickness variation depending on the
level of glycerin (pH 2.7)

0

1

1.5

Protein, g%

2

2.5

Figure 6. Content of the film forming solution with
pH 2.7
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Lower solubility in water for films made in
strongly acidic medium can be justified by the
fact that at pH <3.0 the protein degradation is
more pronounced and Maillard reactions are
favored, which would lead to the formation of
strong cross links, stabilized by covalent links.
In conclusion, we can appreciate that the
bighead carp myofibrillar proteins, obtained by
the surimi procedure, led to the formation of
stable networks and that only low molecular
weight hydrophilic substances were soluble in
water.

The values obtained for moisture content
(MC) and for the solubility in water (SW),
depending on the level of glycerin and on the
pH are shown graphically in Figure 7. For both
values of pH, an increase of glycerin content
from 30 to 70% (g/100 g protein) resulted in a
significant increase in the moisture content and
in the amount of solubilized dry substance, in
particular for the addition of glycerin > 50%.
35

Water content

30

Solubility

25

Water vapor permeability
Water vapor permeability (PVA) is another
important and widely studied property of the
biodegradable/edible flexible films. This
property of the protective films covers their
ability to preserve, as appropriate, a dry
product (chips, pretzels, candies) or a wet
product (cheese, muffins, chewing gum).
Without proper protective packaging the
products can lose or gain moisture until the
relative equilibrium to the environment
humidity is achieved, this resulting in products
consistency and stability modification.
Water vapor permeability values for films
based on fish muscle proteins listed in Table 4.
shows the dependence of these values on
several factors such as, the composition of
film-forming solutions, the concentration of
fish myofibrillar proteins, the level of added
glycerin.The lowest value for permeability
(0.41 gm-1s-1Pa-1) was found on the film
containing 1% proteins, 30 g glycerin/100 g
protein, and pH 2.7 (film a).
The variations of permeability for the films we
tested over time are shown in Figures 8 and 9.
Relatively high values of PVA indicate that
films based on fish muscle proteins (bighead
carp) are poor barriers to water vapor, due to
the hydrophilic/hydrophobic nature of the
polymer from the film matrix. As can be seen
in Figure 9, film permeability values varied
with the concentration of the protein, the
highest values of PVA corresponding to the
level of 2.5% proteins, both for acid
environment (pH 2.7). This finding may be
explained by the fact that the fish myofibrillar
proteins contain significant levels of amino
acids with polar nature, such as aspartic acid,
glutamic acid, arginine and lysine (Shahidi,

g, %

20
15
10
5
0

30

50

70

Glycerin, g%

Figure 7. The variation of the water content and
solubility depending on the level of glycerin (pH 2.7)

The solubility in water (SW) is regarded as an
indicator of edible/biodegradable films
resistance in water, which is an important
factor in the prepackaging of food products
because of the high water activity and the
possibility of contamination in the presence of
water (Bourtoom and Chinnan, 2005). In
general, higher solubility indicates less
resistance to water. The solubility in water for
the films made by us, was similar to other
research reports or lower. Thus, Wengo et al.
(2007) reported for films based on Alaska
Pollack surimi a solubility in water of 21%;
Rostamzad et al. (2015) reported a solubility
in water of 19.1% for films made from
myofibrillar proteins from silver carp
(Hypophthalmichthys molitrix); Tao et al.
(2015) have found a value for solubility of
31.42 ± 0.89% for the films consisting of
silver carp surimi. We consider, the same as
Orliac et al. (2002) and Artharn et al. (2007)
that cross linked proteins from the film were
insoluble, whereas the most part of glycerol
has been released into the water. The films
based on fish myofibrillar proteins were
stabilized by different links, which mainly
include intermolecular disulphitic covalent
links causing a lower solubility (Chinabhark et
al., 2007).
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1994; Paschoalick et al., 2003; Tongnuanchan
et al., 2011).
8.05

1%

1,50%

2%

2,50%

Protein films without plasticizer are often
brittle and rigid, due to extensive interactions
between the polymer molecules (Krochta,
2002). The addition of plasticizer affects not
only the flexibility and other properties of the
films, but additionally the film strength at
water vapor and gases permeability
(Sothornvit and Krochta, 2000 and 2001).
The variation in time of the water vapor
transfer through comopozite films is shown in
Figure 11, where you can observe greater
resistance to water vapor for the films with
gelatin addition.

7.05

PVA

6.05
5.05
4.05
3.05
2.05
1.05
0.05

1

2

3

4
5
6
Time, hours

7

8

9

1

PVA

Figure 8. The variation of water vapor permeability of
the films depending on the time and on the level of
protein (pH 2.7)
pH 2.7

PVA

0.8
0.6
0.4
0.2
0
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2
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1

2

3

h

4

5
6
Time, hours

7

8

9

Increases in the permeability of films based on
the level of glycerol were found as well by
Nuthong et al. (2009) for the films based on
porcine plasma (3%), by McHugh et al (1994)
with films made from whey protein isolate, by
Nemet et al. (2010) for the films obtained from
myofibrillar proteins derived from chicken
breast, who found values for the film
permeability much lower than those obtained
by us (0.21 to 0.29·10-6gm-1s-1Pa-1;
myofibrillar protein concentration of 2%,
pH 3.0, glycerin 25 to 65 g/100 g protein).
Vanin et al. (2005) found no differences in the
amounts of PVA on the gelatin based films
where the levels of glycerin added to the film
forming solutions varied between 10-30 g/100 g
protein.
In our experimental conditions, the thickness
of the films was relevant for PVA, in line with
the increase of PVA for the films with greater
thickness. The results listed in Table 4,
indicate that PVA for edible protein films
obtained by us are far greater than the values
of PVA for plastic films [LDPE (low density
polyethylene) 0.002·10-10; high density
polyethylene
0.008·10-10;
oriented

The properties of barrier to water vapor of the
films we tested were affected by the level of
incorporated plasticizer. The plasticizer agent
used by us was glycerol, a hydrophilic polyol.
Additions of 30 or 50 g glycerin/100 g protein
caused insignificant increases for the PVA
values of the films made in strongly acidic
medium (Figure 10).
1.2

p H 2.7

1
0.8

PVA

g

Figure 11. The permeability of the composite films
according to the time

Figure 9. Water vapor permeability of the films
depending on the level of myofibrillar proteins from the
film forming solutions with pH 2.7

0.6
0.4
0.2
0

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

30

50
70
Glycerin, g/100 g proteins

Figure 10. Water vapor permeability of the films
depending on the addition of glycerin in the film
forming solutions with pH 2.7
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polypropylene 0.038·10-10; polyester 0.198·10-10;
polyvinylidene chloride 0.002·10-10 gm-1s-1Pa-1]
(Krochta et al., 1997; Fairley et al., 1997;
Shiku et al., 2003; Garcia and Sobral, 2005).

a* parameters and color difference were
negatively correlated, in all the cases the linear
regression coefficients were greater than
0.975. Relatively weak correlations were
recorded between L* and a * and between ΔE
and a* parameters.
The increase of glycerin concentration causes
the reduction of total color difference (ΔE) of
the films, possibly due to dilution effect,
basically in an independent manner of the fish
myofibrillar protein concentration (Sobral et
al., 2005); glycerin being a colorless
substance.
The films obtained in this work showed, in
general, colors comparable to films produced
from muscle protein of Nile Tilapia
(Paschoalick et al., 2003), but were more
colorful than films based on myofibrillar
proteins of Nile Tilapia (Sobral and et al.,
2000), of egg albumen (Gennadios et al.,
1996) and of pig skin gelatin (Sobral et al.,
1999). Prodpran et al. (2005) have obtained
films with the following color parameters:
L = 86.1 ± 3; a* = 0.4 ± 0.1; b* = 39 ± 0.3 and
0.98 ± E = 86.18. Nuthong et al. (2009) have
found the folowing values for films based on
porcine plasma: L* = 87.12 ± 0.33; a* = - 2.37 ±
0.04; b* = 7.47 ± 0.13.

Films color
Color is an important feature of the edible/
biodegradable films because it affects
consumer acceptability of potential food
applications. In our study, films color was
assessed by determining the color parameters
L* [(radiance, brightness, white/black;
100/0)], a* [red (+60)/ Green (-60)], b*
[yellow (+60)/blue (-60) and ΔE] of food films
which were prepared under both acidic and
alkaline conditions.
Color parameters are registered in Table 5.
Negative values of a* indicate, for the films
made by us, a slightly green tint, which
intensifies with the increase of protein content
from the film forming solution. The same
behavior has been reported by Sobral (1999)
as well. For this specific parameter, slight
differences were obseved between created
acidic and alkaline conditions. The positive
values of b* indicate yellow tones for films,
the color intensity increasing along with the
protein level increase from 1% to 2.5%, the
increase being 39.4% for the film forming
solution with pH 2.7.
Acidic conditions are inducing myofibrillar
protein degradation which leads to the
dismissal of amino groups for browning
reactions during heat treatment and drying
process (Prodpan and Benjakiti, 2005;
Chinabhark et al., 2007). The values of L*
parameter varied with the level of protein and
with the addition of glycerin. The films have
become less bright by increasing the protein
concentration of the film forming solutions.

CONCLUSIONS
There were made 8 types of films based on
fish myofibrillar proteins (bighead carp) by the
solvent procedure by incorporation into the
film forming solutions of different levels of
protein, plasticizer and other additives, such as
gelatin and cyclodextrin.
The films obrained by us were transparent,
flexible and uniform, had smooth surfaces
without pores or cracks visible to the naked
eye. All kinds of films were easily detached
manualy from the molding plates.
The thickness of the films varied depending on
the measuring area, on the film forming
solutions composition and on the environment
characteristics. The increase of protein
concentration and of the level of added
glycerin caused an increase almost linear of
the mean values of film thickness.
The increase of the glycerin level results in
reduced color difference of the films due to the
dilution effect of glycerin, regardless of the
protein concentration. The transparency of the

Table 5. Color parameters of edible films
Film
a
b
c
d
e
f
g
h

L*
93.13±0.32
92.95±0.39
92.34±0.34
89.95±0.47
94.01±0.24
93.57±0.29
93.93±0.29
93.66±0.21

a*
-1.22±0.05
-1.50±0.10
-1.73±0.03
-2.05±0.04
-0.94±0.05
-1.08±0.09
-1.03±0.08
-1.07±0.06

b*
10.19±0.46
13.24±1.54
15.97±0.33
21.85±1.69
7.47±0.39
8.83±0.91
8.59±0.53
8.77±0.49

ΔE
93.69
93.90
93.73
92.49
94.30
93.81
94.33
94.34

As shown in Table 5, parameter L* and b*
were positively correlated with the level of
protein from the film forming solutions, while
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films having higher protein concentration was
lower in case of reduced concentration of
glycerin, which becomes much more lower for
high concentrations of plasticizer.
All the films studied in this work maintained
their integrity after 24 hours of immersion in
water, which indicates that the bighead carp
myofibrillar proteins led to the formation of
stable networks and that only low molecular
weight
hydrophilic
substances
were
solubilized in water.
Water vapor barrier properties of the films
were dependent on the levels of protein, of
glycerin and of the addition of gelatin or
cyclodextrin; PVA values and water content of
the films increased with protein levels.
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Abstract
Different clinical and paraclinical methods were used to investigate some reproductive indices. In this work 42 Holstein
cows, between 21 and 62 days in milk (DIM), were examined by rectal palpation (RP), vaginoscopy (V), endocervical
(ECC) and endometrial (EMC) cytological exam. Cervicitis was diagnosed when the second cervical fold was swollen
and prolapsed with or without reddening. Cytobrush technique and cotton swab technique were used to take cytology
samples at 21-33 DIM (PMN ≥8%), at 34-47 (PMN ≥6%) DIM and 48-62 DIM (PMN ≥4%) and stained using DiffQuick. The percentage of neutrophils in the uterus and the cervix as indicators of inflammation was determined. Also,
for reproductive management it was used uterine histopathologial (HPT) exam in another 12 puerperal cows.
Conventional microscopic examination of the tissue sections allowed visualization of histological changes such as
normal structure, infiltrate of polymorphonuclear neutrophils (PMN), hiperemia, moderate acute endometritis, periferal
hemorragies secundar to biposy and hemosiderosis. In total, 78.57% (11/14) of femals had a normal cervix and, after
using cytobrush method it was observed that 5 from 14 cows had over 91.08% of PMN. The incidence of subclinical
endometritis was recorded as 60.71% (17/28). Another conclusion is that cervical swab cytology is not a good method
compared to cytobrush technique that is reliable. Using cytobrush the incidence of subclinical endometritis was
recorded as 60.71% (17/28). Endometrial biopsy in postpartum dairy cows might be useful and accurate procedure for
detecting existence and severity of endometritis.
Key words: cytology, dairy cow, histopathology, infecundity.

INTRODUCTION

it's more noninvasiv then histopathology.
Cytology samples are mainly obtained by
cytobrush (Singh et al., 2016), cotton swab,
uterine biopsy or low-volume uterine lavage,
either of them providing similar results
(Melcher et al., 2014; Thomé et al., 2016).
Both subclinical endometritits and cervicitis are
commonly diagnosed during voluntary weiting
period before insemination, usually from 21 to
64 DIM (Hammon et al., 2006; Barlund et al.,
2008; Deguillaume et al., 2012; Hartmann et
al., 2015).
Uterine biopsies can provide meaningful
prognostic information about the reproductive
health. Evaluation of uterine biopsy samples is
not a common practice in cows as compared to
mares. However, it is a useful procedure at 2640 days postpartum (Garoussi et al., 2010).
Histologically, endometritis is characterized by
disruption of the surface epithelium, infiltration
with inflammatory cells, vascular congestion,
and stromal edema, with varying degrees of

In recent years, basic research on degenerative
endometrial and endocervical diseases or
inflammation is well advanced. In contrast to
endometritis, the effect of endocervical
inflammation or bacterial contamination of the
cervix on reproductive performance has been
inadequately investigated in dairy cows
(Deguillaume et al., 2012; Hartmann et al.,
2015).
Regarding the subclinical endometritis it can
say that there are the most important
reproductive impairments in dairy cows
(Pascottini et al., 2017).
Rectal palpation of the uterus, examination of
the vagina and portio vaginalis cervicis with a
speculum, culture of uterine secretions and
evaluation of uterine biopsies are the
techniques available for diagnosing uterine
infections (Garoussi et al., 2010). Cytology is
considered the best technique to diagnose
endometrial or endocevical inflammation and
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sterile brush or swab covered from vaginal
contamination with a bovine split universal
sheath.
Using rectal guidance, the cytobrush was
directed through the cervix, then exposed and
rolled twice into the endometrium and then
covered again with a protective sheath
(Pascottini et al., 2017). Once outside the
vagina, the cytobrush was removed from the
pistol grip, rotated on a paint-coated
microscopic slide and fixed (Madoz et al.,
2014; Pascottini et al., 2017). For vaginal
cytology it was used the Polanski speculum.
Samples were conventionally evaluated by
light microscopy at 400x magnification.
Stainings were done using Diff-Quick according
to the instructions of the manufacturer (Madoz
et al., 2014). All the cells from the nine visual
fields were counted and differentiated.
Subsequently, the percentage of PMN was
determined by evaluation of endometrial and
cervical cells and PMN. To assess the
repeatability of PMN estimates, slides were
counted and differentiated by one person.
A total of 12 animals (4-12 DIM) were
edometrial biopsied under anesthesia using a
human modified colon biopsy instrument. After
the cows were restrained, caudal epidural
anesthesia was made at the sacrococcygeal
space (S5-Co1) using an 18-gauge, 3.8-cm
needle (with no syringe attached). After a local
iodine asepsia, the needle was directed
perpendicular to the skin surface. Once the skin
was penetrated, a drop of local anesthetic
solution was placed in the hub of the needle
(hanging drop technique). The needle was
advanced slowly until the anesthetic solution
was drawn into the epidural space by negative
pressure. The syringe was attached to the
needle, and the anesthetic solution slowly
injected with no resistance. The dose of local
anesthetic used was 0.5 ml per 45 kg (99 lb) of
body weight (Lin and Walz, 2014). At the time
of biopsy, the perineal area and vulva were
washed with soap and rinsed with water. The
vulva was then disinfected with a 2% solution
of povidone iodine. The forceps was covered
with a bovine split universal sheath then was
guided through cervix into the previously
gravid horn approximately 3 cm past the
uterine bifurcation. The jaws of the forceps
were opened and medial wall of the uterine

lymphocyte and plasma cell accumulation in
the superficial layers (Meira Jr. et al., 2012).
The present study aimed to evaluate and
compare cervical and uterine cytology and
uterine biopsy in their capacity to establish
the correct diagnosis of infecundity.
MATERIALS AND METHODS
The study population consisted of 42 Holstein
cows from two industrial dairy farms in south
of Romania. The females were without any
clinical signs. Cows were housed in ties stalls
and individually fed a total mixed ration
(TMR) twice daily and water ad libitum. A
close-up diet was fed beginning 3 weeks prior
to expected calving date, a fresh cow diet was
fed beginning the day of calving through 3
weeks postpartum, and a lactation diet was fed
from 3 weeks postparturition.
All the cows were examined by rectal palpation
and 14 of them were vaginoscopicaly
examinated between 42 and 51 days
postpartum. Transrectal palpation served to
assess uterine size and symmetry of the uterine
horns as well as uterine fluctuation: uterus
retractable and horn diameter <2 cm (score1),
2–5 cm (score 2) or >5 cm (score 3), uterus not
retractable but greater curvature palpable (score
4), uterus not retractable and greater curvature
incompletely palpable (score 5), and uterus not
retractable and greater curvature poorly
outlined (score 6) (Hartmann et al., 2016).
After the vulva was cleaned with dry paper
towels, a Polanski speculum and flashlight
were used for vaginoscopy. Form and colour of
the Portio vaginalis cervicis were evaluated
(Hartmann et al., 2016). Inclusion criteria for
further examinations were absence of abnormal
vaginal discharge and abnormalities of the
uterus (fluctuation) at rectal palpation. Cows
that did not meet these criteria were excluded
from the study. Cervicitis was diagnosed when
the second cervical fold was swollen and
prolapsed with or without reddening. All
examinations were made by the same
veterinarian.
Cytobrush samples from the endometrium
(n=28, 21-62 DIM) and cytology (cytobrush
and swab cytology) from the cervical mucosa
(n=14) were collected using a modified
artificial insemination gun with an attached
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examined had cervicitis between 42 and 50
days post-partum while in previous studies it
was estimated a prevalence of cervicitis from
15.60% to 56.90% (9, 17-20 of cervicitis).
In all, 28 endometrial and 7 cervical cytology
slides were assessed successfully. Cervical
swab cytology was not a good method for
cellularity examination because in 7 cows was
identified just mucus and rare epitelial cells.
After using cytobrush on cervix it was
observed that 5 from 14 cows had over 91.08%
of PMN. On the other hand, after endocervical
cytobrush in seven femals it was identified that
71.42% (5/7) of cows had PMN ≥ 5% and
28.57% (2/7) had PMN < 5%. Endometrial
cytology was applied on cows 3 times : at 2133 DIM (PMN ≥ 8%) , at 34-47 (PMN ≥ 6%)
DIM and 48-62 DIM (PMN ≥ 4%) (Madoz et
al., 2014). In first interval 100% (11/11) of
cows had PMN ≥ 8%, between 34-47 DIM
50% (4/8) of cows had PMN ≥ 6% and in the
last interval 22.22% (2/9) of bovines had PMN
≥ 4%. The incidence of subclinical endometritis
was recorded as 60.71% (17/28). This result
recorded in the present study is higher then
others from previous studies (Carneiro et al.,
2014; Singh et al., 2016).

horns were gently pushed laterally into the jaws
by the hand which was in the rectum and jaws
were shut gently. The biopsy forceps was
withdrawn from the genital system. The uterine
specimen was removed from the forceps with a
needle, placed in 10% formalin for 24 hours
and sent for histopathologic examinations.
Six μm thick tissue sections were stained with
hematoxylin & eosin and evaluated using an
Olympus light microscope.
The influence of cervicitis and endometritis on
reproduction indices were investigated.
Reproductive indices included: days to first
service, days open (period between calving and
conception) (DO), first service conception rate
(number of pregnant cows after first
insemination: number of first inseminations
x 100) (FCR), total conception rate (number of
pregnant animals: number of total insemination
x 100) (TCR), total pregnancy rate at 120 days
into lactation (number of pregnant animals ≤
120 days into lactation: number of inseminated
animals) (TPR120), and total pregnancy rate at
140 days into lactation (number of pregnant
animals ≤ 140 days into lactation: number of
inseminated animals) (TPR140).
RESULTS AND DISCUSSIONS

Table 1. Reproductive indices regarding cervical and
endometrial cytobrush technique

At transrectal palpation the uterine horns size
ranged between scores one and two. In 7.14%
(1/14) of cows, the uterus was retractable and
horn diameter <2 cm (score1) and 92.85%
(13/14) had a uterine horn diameter of 2-5 cm
(score 2).
In total, 78.57% (11/14) of femals had a normal
cervix. Cervicitis without reddening was
diagnosed in 14.28% (2/14) and 7.14% (1/14)
of cows displayed cervicitis with reddening of
the two cervical fold of the Portio vaginalis
cervicis. All three cases of cervicitis had all
reproductive indices in limit with the group.
One of the hypotheses to test in this study was
that a correlation exists between diagnostic
outputs obtained by vaginoscopy and
endocervical cytology. Contrary, it was found a
low degree of agreement between the two
diagnostic methods. Regarding another similar
study, (Hartmann et al., 2016), cervicitis in
dairy cows is an independent disease and could
have negative effects on reproductive
performance. In that article 60.80% of cows

Reproductive
indices
DO
FCR
TCR
TPR120
TPR140

Cervical
cytology
82.21 days
64.28 %
100 %
42.85 %
92.85 %

Endometrial
cytology
70.10 days
60.71 %
100 %
32.14 %
89.28 %

Regarding endometrial cytological results there
were no correlation with reproductive indices.
In contrast, cows with cervical cytology had a
increased percent of reproductive indices (DO,
FCR, TPR120, TPR140) (Table 1) then cows
with endometrial cytology.
In the current study, all cows selected for
endometrial biopsy were in good health, and no
cow showed any signs of uterine or systemic
illness after biopsy.
Conventional microscopic examination of the
tissue sections allowed visualization of
histological changes such as normal structure,
infiltrate of PMN, hyperemia, moderate acute
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endometritis, periferal hemorragies secundar to
biposy and hemosiderosis.
Endometrial biopsy facilitates the collection of
tissue samples from an individual cow allowing
detailed profiling of cellular changes in
response to tissue remodeling and/or pathology
in the postpartum period. Even if some authors
raported that endometrial biopsy perturb
fertility or induce pathology, in this study no
side effects on health, estrous cycle or fertility
were registered. All these are in agreement with
other studies (Chapwanya et al., 2010).

Chastant-Maillard S., 2012. Effect of endocervical
inflammation on days to conception in dairy cows.
Journal of Dairy Science, 95(4): p. 1776-1783.
Garoussi M.T., Sasani F., Hovareshti P., 2010. The
histopathological survey of uterine tissue in Holstein
dairy cows with or witout recorded reproductive
disorders. Iranian Journal of Veterinary Science and
Technology, 2(2): p. 101-108.
Hammon D.S., Evjen I.M., Dhiman T.R., Goff J.P.,
Walters J.L., 2006. Neutrophil function and energy
status in Holstein cows with uterine health disorders.
Veterinary Immunology and Immunopathology,
113(1-2): p. 21-29.
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T., Klindworth H.P., Schoon H.A., Hoedemaker M.,
2016. Prevalence of cervitis in dairy cows and its
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247-253.
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Small ruminants, Camelids and Pigs. Wiley
Blackwell, 144.
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cytology, biopsy, and bacteriology for the diagnosis
of subclinical endometritis in geazing dairy cows.
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L., 2012. Comparison of ultrasonography and
hitopathology for the diagnosis of endometritis in
Holstein-Friesian cows. Journal of Dairy Science,
95(12): p. 6969-6973.
Melcher Y., Prunner I., Drillich M., 2014. Degree of
variation and reproducibility of different methods for
the
diagnosis
of
subclinical
endometritis.
Theriogenology, 82(1): p. 57-63.
Pascottini O.B., Hostens M., Sys P., Vercauteren P.,
Opsomer G., 2017. Cytological endometritis at
artificial insemination in dairy cows: prevalence and
effect on pregnancy outcome. Journal of Dairy
Science, 100(1): p. 588-597.
Singh J., Honparkhe M., Chandra M., Kumar A.,
Ghuman S.P.S., Dhindsa S.S., 2016. Diagnotic
efficacy of uterine cytobrush technique for
subclinical endometritis in crossbred dairy cattle. Te
Indian Veterinary Journal, 93(02): p. 11-13.
Thomé H.E., de Arruda R.P., de Oliveira B.M.M., Filho
M.M., de Oliveira G.C., de Fátima Guimarães C., de
Carvalho Belieiro J.C., Azedo M.R., Pogliani F.C.,
Celeghini E.C.C., 2016. Uterine lavage is efficient to
recover endometrial cytology sample and does not
interfere with fertility rate after artificial insemination
in cows. Theriogenology, 85(9): p. 1549-1554.

CONCLUSIONS
As first conclusion, the present results
indicated that rectal palpation, vaginoscopy and
cytology evaluation of cervix are good methods
for cervicitis diagnosis. Another conclusion is
that cervical swab cytology is not a good
method compared to cytobrush technique that
is more reliable. Using cytobrush the incidence
of subclinical endometritis was recorded as
60.71% (17/28). Endometrial biopsy in
postpartum dairy cows might be useful and
accurate procedure for detecting existence and
severity of endometritis.
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Abstract
Current cultivated roses varieties were obtained through intensive cross-breeding between a limited number of species
of genus Rosa (about 8 to 20 from 200 wild species) and for many of them there are no accurate information about their
genealogy. The present study aims to determine the genetic diversity of 10 rose varieties, from Botanical Garden of
Bucharest collection, which are not included in the official list of rose varieties from Romania, according ISTIS.
Choosing these cultivars started from the need to identify rose varieties resistant to the climate in SE Romania with
extended summer drought and winter frost. A number of 86 individuals were genotyped using PCR-ISSR technique.
From a total of 23 tested ISSR primers, 11 were selected due to their capacity to produce informative band patterns.
These primers generated 292 ISSR markers, with a mean of 26.54 bands/primer and a polymorphism percentage of
96.025%. The average values of polymorphic information content (PIC), resolving power (Rp) and marker index (MI)
proved the discriminatory power of ISSR markers (i.e PIC varied between 0.22 and 0.43 and Rp between 7.81 and
17.2). Genetic diversity as revealed by Shannon index (I=0.45±0.0734), genetic differentiation index (GST=0.027) and
estimate of gene flow (Nm=16.982) is relatively high. The AMOVA analysis showed that 67.36% of the total genetic
variation resides within cultivars, which is similar with other shrub species. The UPGMA dendrogram built on ISSR
markers grouped the 10 cultivars in two major clusters according with their origin and some of their phenotype
characteristics. ISSR fingerprinting proved to be appropriated for the quantification of the level of genetic variation in
the selected cultivars.
Key words: rose cultivars, PCR-ISSR, genetic diversity, dendrogram.
-

INTRODUCTION

be absolutely necessary, particularly to certify
the uniqueness of the new varieties.
A number of comparative investigations have
been carried out to explore which molecular
technique is most suitable and most reliable for
biotype/cultivar identification (Robichaud,
2006). DNA-based molecular marker systems
are efficient and informative for the genetic
analysis of roses because DNA polymorphism
indicated by these markers is not affected by
environmental conditions. Any choice of DNA
marker method depends, among other factors,
on the scale and purpose of cultivar
identification. Thus, in recent years, different
DNA markers have been used to estimate the
levels of genetic diversity, genetic structure,
dispersal rates and paternity in numerous plant

Roses (Rosa x hybrida) are some of the most
cultivated ornamental plant species, presenting
an extremely large diversity of colors, growth
shapes, and fragrances. It is estimated that there
are between 170 and 300 Rose species (Panwar
et al., 2015), but only 8-10 of them have been
used for creating the commercial varieties
grown today, which are more than 20,000
(Gudin, 2000). Genus Rosa is extremely
difficult to classify due to a number of factors,
such as the human intervention, extremely wide
spreading area, polyploidy and complex interspecific hybridization. Moreover, the constant
emergence of new commercial varieties makes
the use of precise identification techniques to
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Healthcare) and then stored at -20°C for further
analysis.
ISSR analysis
Twenty three ISSR primers (Integrated DNA
Technologies, Inc. US) were screened for their
ability to produce informative patterns in terms
of the repeatability and ability to distinguish
between cultivars (Table 2). Each reaction was
performed in a final volume of 12 µl which
contained 2X Go Taq® Green Master Mix
(Promega, U.S.A.), 10 µM primer and 30 ng
DNA. The PCR program consisted in an initial
denaturation step (4 min at 94°C), 40 cycles of:
45 s at 94°C, 1 min at 40-57°C (Table 2), 2 min
at 72°C and a final amplification step (10 min
at 72°C). All PCR reactions were accomplished
in a PTC 100 thermal cycler. PCR products
were visualized in 2% agarose gel
electrophoresis in 1 X TBE buffer and
photographed
with
Canon
PowerShot
SX150IS.
Data Analysis
The electrophoretic ISSR profiles were
analyzed with PyElph 1.3 software package
(Pavel et Vasile, 2012). Each DNA band was
treated as an independent character, being
scored as present (1) or absent (0), resulting a
binary data matrix which was used to compute
primer banding characteristics such as: total
number of bands (TNB), number of
polymorphic bands (NPB), percentage of
polymorphic bands (PPB), polymorphic
information content (PIC), resolving power
(Rp) and marker index (MI) (Anderson et al.,
1993; Prevost et Wilkinson, 1999). The
molecular data were further analyzed with
POPGENE Version 1.31 (Yeh et al., 1999) and
Nei’s gene diversity (h), Shannon’s information
index (I) (Nei et al., 1979), coefficient of
genetic differentiation among populations
(GST), and gene flow estimates (Nm) were
calculated. Also, Arlequin 3.5 (Excoffier et al.,
2010) was used for the analysis of molecular
variance (AMOVA). The matrix of genetic
distances generated by PyElph program was
implemented in MVSP 3.22 software package
(Kovach, 2013) and used to perform cluster
analysis and to construct an UPGMA dendrogram. Also, for a better representation of the
genetic relationships among varieties, a principal coordinate analysis (PCO) was conducted.

species (Aldrich, 1998; Streiff, 1999; Craft,
2002; Glaubitz, 2003; Tabbener and Cottrell,
2003; Christopolus, 2010; Potter et al., 2002).
Among them, ISSR markers involve the use of
microsatellite sequences as primers in PCR,
thereby amplifying the DNA sequence located
between two SSR repetitions. Due to the nature
of the primer sequence (short di, tri or
tetranucleotide tandem repeats) it is possible to
obtain a large number of polymorphic
fragments, which make these markers very
useful in identification and discrimination of
closely related varieties and in assessing
phylogenetic relationships between species.
The present study aims to determine, based on
ISSR markers, the genetic variation of 10 rose
varieties from Botanical Garden of Bucharest
collection, resistant to extended summer
drought and winter frost, specific of climate in
SE Romania. These cultivars are not yet
included in the official list of rose varieties
from Romania, according to National Institute
for Variety Testing and Registration and the
quantification of genetic diversity and the
establishment of reletedness relations are very
important for their molecular identification.
MATERIALS AND METHODS
Plant material
Plant material used in this study comprises a set
of 10 rose cultivars, belonging to "English
Garden" roses, "Floribunda", "Thea Hybrida"
roses (Table 1). All 10 cultivars are gown and
maintained in the "Dimitre Brândză" Botanical
Garden rosarium.
DNA extraction
Fresh, healthy leaf tissue from 86 individuals
(on average 5 individuals/cultivar) was used for
DNA extraction, applying modified CTAB
method (Dehestani et Kazemi, 2007,
Pavlusenco et al., 2015). DNA samples were
further purified twice with an equal volume of
chloroform:isoamylic alcohol (24:1) and CTAB
solution (0.7M NaCl, 1% CTAB), precipitated
with cold isopropanol and washed with 3M
ammonium acetate solution and cold ethanol.
Finally DNA was re-suspended in 0.1X TE
(10 mM Tris pH=8, 1 mM EDTA pH=8). DNA
was quantified spectrophotometric, using
NanoVue V2.0.3 Plus Spectrophotometer (GE
70

Table 1. Details of rose genotypes representing "English", "Floribunda" and "Thea Hybrida" groups taken for
genetic analysis using ISSR markers
No.
1
2
3

Genotype
Abraham Darby
Heritage
Forever Young

4

Rhapsody in Blue

5
6
7
8
9
10

Angela
Acapella
Caprice de Meilland
Christoph Columbus
Ingrid Bergman
Red Berlin

Group
English
English
Floribunda
Floribunda

Patent/origin
Yellow Cushion‘ x Aloha‘
seedling x (Iceberg PL x Wife of Bath)
Cindy de Meilland x Samantha
seeds Summer Wine x pollen International Herald
Tribune × [Blue Moon × Montezuma] ×
[Violacea × Montezuma ]
Yesterday x Peter Frankenfeld
Seedling × Seedling
seeds Tino Rossi × Rendez-Vous and pollen Sonia
seeds Coppélia x pollen from Ambassador
Precious Platinum × Seedling
Huibert W Olij (Olanda, 1997)

Floribunda
Thea hybrid
Thea hybrid
Thea hybrid
Thea hybrid
Thea hybrid

For assessing the genetic diversity of rose
varieties, the Nei (h) index, which measures the
heterozygosity level and Shannon (I) index
were computed. Usually, for a correct
estimation of genetic diversity both of these
parameters should be over 0. In our study h has
a value of 0.2843 (with 0.0606 standard
deviation) and I = 0.4561 (0.0734 standard
deviation) (Table 3), data that are in line with
the scientific literature.
The GST value, 0.0287, indicating the degree of
differentiation between varieties, is consistent
with the high value of the Nm parameter
(16.929), recorded usually for populations
affected by an intens gene flow. The
partitioning of the molecular variance
(AMOVA), performed with Arlequin 3.5.1.2
software, revealed that only a small percentage
of the genetic variation resides among varieties,
showing that the most of the genetic diversity
occurs within varieties (67.36%) (Table 4).

RESULTS AND DISCUSSIONS
ISSR amplification. A total of 23 ISSR
primers were tested, from which only 11 were
selected, due to their capacity to produce
informative band patterns. These primers
generated 292 bands, from which 283 were
polymorphic (Table 2). The total number of
bands/primer varied between 17 (ISSR 4a) and
33 (ISSR-1a), with a mean of 26.54
bands/primer. The primer with the lowest
degree of polymorphism was ISSR-2 (80.95%),
while ISSR-1a, ISSR-7, UBC-807, UBC-808,
UBC-823, UBC-827 and UBC-835a have had a
100% polymorphism (Figures 1 and 2). The
ability of generated ISSR fragments to
distinguish between individuals and cultivars
was evaluated based on three parameters: a)
PIC of a band, calculated according to RoldanRuiz et al., 2000, b) Rp that is based on the
distribution of alleles within the sampled
genotypes and was calculated according to
Prevost and Wilkinson, 1999 and c) MI as
proposed by Powell et al., 2015, which is the
product
between
PIC
and
EMR
(EMR=effective multiplex ratio, namely the
product between the fraction of the
polymorphic loci and the number of the
polymorphic loci) (Table 2).
As shown in Table 2, the lowest PIC and Rp
values were obtained for primer ISSR – 4b
(PIC= 0.22, Rp = 7.81) and the highest for
ISSR-4a (PIC = 0.43, Rp = 16.29) and ISSR-1a
(PIC = 0.35, Rp = 17.20). Also, ISSR markers
generated by ISSR-1a primer had the highest
MI value (11.55), followed by UBC 808.

Figure 1. ISSR-4b primer PCR amplification profiles
of all 10 rose cultivars. 100 bp ladder; Lanes 1-76
individuals from all the rose cultivars
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Table 2. List of primers, their sequences, annealing temperatures, number of the amplified fragments, polymorphic
information content and resolving power
Primer

Sequence
(5`-3`)

ISSR 1a
ISSR 2
ISSR 4a
ISSR 4b
ISSR 7
UBC 807
UBC 808
UBC 823
UBC 827
UBC 835a
UBC 840a

(AG)8CT
(GA)8C
(AC)8CT
(AC)8TT
(GA)8ACC
(AG)8T
(AG)8C
(TC)8C
(TC)8G
(AG)8CC
(GA)8TC

°C

TNB

NPB

PPB

PIC

Rp

MI

53
52
57
53
57

33
21
18
27
26
26
32
24
30
26
25
292
26.54

33
17
15
27
26
26
32
24
30
26
23
283
25.72

100
80.95
83.33
100
100
100
100
100
100
100
92

0.35
0.34
0.43
0.22
0.34
0.29
0.30
0.31
0.23
0.24
0.31

17.20
12.16
16.29
7.81
12.55
13.41
13.97
11.32
8.92
8.32
12.12

11.55
7.14
7.15
5.94
8.84
7.54
9.60
7.44
6.90
6.24
7.75

96.02

0.30

12.19

7.88

52
55
52
Sum
Mean

°C = annealing temperature, TNB=total number of bands; NPB = number of polymorphic bands, PPB = percentage of
polymorphic bands, PIC = polymorphic information content, Rp = Resolving power, MI = marker index

Berlin (R) şi Christoph Columbus (C) varieties
and second comprising Angela (U), Caprice de
Meilland (M), Heritage (H), Forever Young (F)
şi Abraham Darby (A), while Acapella had
clustered outside of this two major groups.
PCO analysis, conducted with the appropriate
application of M.V.S.P ver.3.2.2, confirmed the
clustering model outlined by the UPGMA
dendrogram (Figure 4 a and b).
Table 4. AMOVA molecular variance values for the
analysed rose varieties
Source of
variation
Among pop.
Within pop.
Total

Figure 2. ISSR-840a primer PCR amplification profiles
of all 10 rose cultivars: 100 bp ladder; Lanes 1-76
individuals from all the rose cultivars

h
0.2843
0.0606

I
0.4561
0.0734

GST
0.0287

Sum. Sq.

9
76
85

1235.858
2099.224
3335.081

Percentage
of variation
32.64
67.36
100

f.d. = freedom degree

Table 3. Genetic diversity parameters
Average
s.d.

f.d.

Nm
16.9292

DNA fingerprinting with the 11 ISSR markers
(selected from the 23 ones tested) was found to
be efficient to distinguish different rose
cultivars. Thus, molecular markers obtained by
PCR-based techniques can play an important
role in the analysis of genetic diversity in
ornamental plants which generally have a very
complex and controversial origin. The
percentage of polymorphism reported in this
study varied from 80.95 to 100, with a mean
value of 96.02 which is in concordance with
others researches on rose cultivars using ISSR
or RAPD markers.

h = Nei genetic diversity, I = Shannon index, GST =
interpopulation differentiation coeficient, Nm = gene
flow, s.d. = standard deviation

The genetic distance matrix obtained after de
analysis of ISSR data was used to build the
UPGMA dendrogram and to reconstruct the
relatedness relations between rose cultivars
(Figure 3). The 10 roses varieties were grouped
in two major clusters, in one being included
Ingrid Bergman (I), Rhapsody in Blue (B), Red
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There is a correlation between the primer
sequence and the polymorphism percentage,
the markers with AG and TC motives
generating the highest level of polymorphism
comparing with GA motives. These findings on
AG motives are sustained by many literature
data (Panwar et al., 2015).
The computed PIC values (average 0.30) are in
the normal range for dominant markers (0-0.5)
(Muthusamy et al., 2008) as well as the other
parameters
used
for
describing
the
discriminating power of the ISSR markers.This
fact allowed to use the ISSR data for UPGMA
dendrogram construction. The 10 rose cultivars
were grouped in two major clusters according
with their origin and some of their phenotype
characteristics. It can be inferred that the
varieties with none to mild fragrance have
clustered, even subclustered, together (for
example like Red Berlin with Christoph
Columbus).

Figure 3. UPGMA dendrogram for 10 rose cultivars:
T-Acapella, A-Abraham Darby, F-Forever Young,
H-Heritage, M-Caprice de Meilland, U-Angela,
C-Christoph Columbus, I-Ingrid Bergman, B-Rhapsody
in Blue, R-Red Berlin

For example, a similar study based on ISSR
markers conducted in India on cultivars from
"Thea Hybrida" and "Floribunda" groups
revealed a level of polymorphism of 94%
(Panwar et al., 2015). A slightly lower
percentage of polymorphism (90.3%) was
determined for the roses from Taif region
(Saudi Arabia) (El-Assal et al., 2014).

Figure 4. PCo analysis: a. for the 10 roses varieties under study; b. for each analysed individual:
T-Acapella, A-Abraham Darby, F-Forever Young, H-Heritage, M-Caprice de Meilland, U-Angela,
C-Christoph Columbus, I-Ingrid Bergman, B-Rhapsody in Blue, R-Red Berlin

The results of the AMOVA analysis revealed
that the main genetic variation is at intrapopulational level, which is similar with those
recorded for the plant species with short life
cycle like Camellia sinensis (Ji et al., 2011),
Rhizoma coryalyis (Qiu et al., 2009), Rheum
officinale (Wang et al., 2012) and Torreya
jackii (Li et al., 2007).

the confirmation of cultivar origins, and
quantification of their genetic diversity. In the
present study, ISSR markers allowed the
precise DNA fingerprinting of ten rose
cultivars able to survive in prolonged drought
or frost conditions like those from SE of
Romania.
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Abstract
The study used 96 day-old Cobb 500 chicks, weighed individually and housed in an experimental hall with 320C
constant temperature and 23 h light regimen. During the starter stage (1-14 days), all chicks received a conventional
diet formulation with sodium monensin (50 g/kg premix). During the growth stage (14-35 days), when the actual
feeding trial started, the chicks were weighed, assigned to three groups (32 chicks/group) and housed in the same
experimental hall. Throughout the experimental period, the temperature was maintained at 320C, humidity 36%, 23 h
light regimen. Like in the starter stage, the chicks had free access to the water and feed. Compared to the diet
formulation for the control group (C), conventional formulation, with monensin in the premix, the formulations for the
experimental groups included 2% dry oregano (E1), or 2% rosehip powder (E2), but no monensin in the premix.
Throughout the experimental period were monitored the bodyweight and the intake. At the end of the feeding trial, 6
chicks from each group were slaughtered in order to make measurements of the relative weight of carcass cuts and
internal organs of broilers. Samples of intestinal content were collected for bacteriological assessment (determination
of the Enterobacteriaceae, E. coli and Lactic acid bacteria). Throughout the entire experimental period (14-35 days),
the average daily feed intake was significantly higher in group C than in groups E1 and E2, but the average daily
weight gain and the feed conversion ratio were not different among the three groups. The dietary phytoadditives given
the broiler chicks reared under heat stress (320C) had a favourable action in maintaining the health of the intestinal
tract, by preserving the balance of the populations of microorganisms colonizing the intestine. Throughout the
experimental weeks under heat stress no mortalities were recorded in any of the three groups.
Key words: bacteriological examination, broilers, digestive tract, fruits, heat stress, oregano, rosehip.

INTRODUCTION
Presently, the demand for animal foods is a
challenge for animal nutrition and production,
which must consider not only the amount of
production, but also the societal demands.
These requirements focus on quality, safe
product, effect on consumer health and
environmental protection (Magnin and Picot,
2015). Within this context, research and
innovation in animal nutrition are basic for the
support of EU animal industry, being the most
profitable investment for this industry
(Caprarulo et al., 2015). Such approach also
became necessary with the European Union
ban of antibiotics as growth promoters in
animal feed, on January 1, 2006 (EC regulation
No. 1831/20031) alternative methods are being

evaluated to improve the performance of
agricultural livestock, especially in swine and
poultry production (Windisch et al., 2008). The
feeds with no chemical additives are
increasingly used in poultry nutrition, because
the use of antibiotics has been strongly
condemned by the consumer associations, as
well as by scientists (Demir, 2005). Several
studies considered the possible alternatives to
antibiotics: use of probiotics, organic acid,
oligosaccharides, symbiotic materials, short or
medium-chain fatty acids, botanic material or
plant extracts, functional fibres, Cu, Zn
(Magninand Picot, 2015). The vegetable feed
additives are plants or plant derivatives, which
have beneficial effects on animal performance
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However, there are few studies on the effects of
the dietary phytoadditives given to broilers
reared under heat stress. Therefore, we
conducted a feeding trial to determine the
effects of the oregano and dry rosehip fruits
given to broilers (14-35 days) reared under heat
stress (320C) on broiler performance,
development of the carcass and internal organs
and the digestive gut health.

and health state (Peric et al., 2010). Compared
with synthetic antibiotics or inorganic
chemicals, plant-derived products are natural,
less toxic than antibiotics, and typically residue
free (Diaz-Sanchez et al., 2015). The manner of
action of these feed additives is not entirely
clear. Lee et al. (2003) consider that these
additives work as digestibility promoters,
stimulating the secretion of endogenous
enzymes. Other authors (Williams and Losa,
2001; Ertas et al., 2005) show that there is a
large variety of plants whose properties might
improve feed intake, digestion and feed
conversion and weight gain. Several studies
(Ertas et al., 2005; Cross et al., 2007) show that
the phytoadditives have antimicrobial, antiviral
and antioxidant activity. Health and nutrition
are interdependent and the interaction between
the two occurs largely in the gut (Choct, 2009).
Oregano (Origanum vulgare L. ssp.) is among
the phytoadditives studied as natural
alternatives to antibiotics. Several authors
showed that oregano has the potential to
enhance broiler performance and to reduce the
bacterial populations from the gastrointestinal
tract, such as Clostridium perfringens and
Escherichia coli (Halle et al., 2001; Giannenas
et al., 2003; Modeva and Profirov, 2003; Li
Hua et al., 2007). Giannenas et al. (2004)
showed that the body weight, average daily
weight gain and feed conversion ratio improved
in the broilers treated with dehydrated oregano
(5 g/kg). Marcinčák et al. (2008) noticed that
the dietary oregano in amount of 0.05% per kg
feed, slightly increased the slaughter weight of
the broilers.
The fruit of rosehip (Rosa canina) might be
another interesting phytoadditive. In vitro
assays have shown a high antioxidant capacity
of rosehip, especially in the lipophilic extract
fraction, which is likely due to phenolic
compounds (Gao et al., 2000). Currently,
rosehip is widely used as aromatic and
medicinal plant with high antioxidant activity
(Yesilbag et al., 2011; Jakubcova et al., 2015).
Loetscher et al. (2013) reported that the dietary
rosehip influenced positively carcass weight.
Tekeli (2014) showed that rosehip supplements
decreased TBARS numbers in the meat and
increased carcass weight, compared to the
broilers treated with rosemary.

MATERIALS AND METHODS
The trial was conducted within the
experimental halls of the National ResearchDevelopment Institute for Animal Biology and
Nutrition
(IBNA-Balotesti,
Romania),
according to the provisions of the protocol
approved by the Ethics commission of the
institute. The study used 96 day-old Cobb 500
chicks (1 day), weighed individually and
housed in an experimental hall with 320C
constant temperature and 23h light regimen.
During the starter stage (1-14 days), all chicks
received a conventional diet formulation (Table
1), with sodium monensin (50 g/kg premix), as
COXIDIN (monensin concentration, 20%)
supplied by HUVEPHARMA (Sofia, Bulgaria).
The chicks had free access to the water and
feed. During the growth stage (14-35 days),
when the actual feeding trial started, the chicks
were weighed again, individually, and assigned
to three groups (32 chicks/group). They were
housed in the same experimental hall.
Throughout the experimental period (3 weeks),
the temperature was maintained at 320C,
humidity 36%, 23 h light regimen;
ventilation/broiler 0.38% and CO2 899 (ppm).
Like in the starter stage, the chicks had free
access to the water and feed. Compared to the
diet formulation for the control group (C),
conventional formulation, with monensin in the
premix, the formulations for the experimental
groups included 2% dry oregano (E1), or 2%
rosehip powder (E2), but no monensin in the
premix (Table 1). The whole dry oregano plant
and the rosehip powder were supplied by two
local
SMEs
producing
natural
food
supplements. Diet formulations were calculated
using the results of the chemical analysis of the
feed ingredients in agreement with the feeding
requirements (NRC, 1994) and with the feeding
requirements of Cobb 500 hybrid.
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Table 1. Diet formulations
Ingredient

Growth (14 - 35 days)

Starter
(1 – 14 days)

Corn, %
Soybean meal, %
Gluten, %
Plant oil, %
Lysine, %
Methionine, %
Choline, %
Calcium carbonate, %
Monocalcium phosphate, %

58
30.82
5
2.2
0.31
0.27
0.05
0.53
1.45

Group C
59.8
28.2
5
3.3
0.24
0.22
0.05
0.54
1.33

Salt, %
Premix, %
Oregano , %
Rosehip powder, %

0.37
1
-

0.32
1
-

0.33
1*
2
-

0.32
1*
2

100

100

100

100

Total

Group E1
56
28.83
5
4.47
0.23
0.23
0.05
0.53
1.33

Group E2
56.87
28.18
5
4.22
0.25
0.24
0.05
0.54
1.33

1 kg premix for group C (in both stages) contains: = 1100000 UI/kg vit. A; 200000 UI/kg vit. D3; 2700 UI/kg vit. E;
300 mg/kg Vit. K; 200 mg/kg Vit. B1; 400 mg/kg Vit. B2; 1485 mg/kg pantothenic acid; 2700 mg/kg nicotinic acid;
300 mg/kg Vit. B6; 4 mg/kg Vit. B7; 100 mg/kg Vit. B9; 1.8 mg/kg Vit. B12; 2000 mg/kg Vit. C; 8000 mg/kg
manganese; 8000 mg/kg iron; 500 mg/kg copper; 6000 mg/kg zinc; 37 mg/kg cobalt; 152 mg/kg iodine; 18 mg/kg
selenium; 50 g sodium monensin /kg.
*1 kg premix for groups E1 and E2 (growth stage) has the same structure as for group C, but with no monensin.

Throughout the experimental period we
monitored
the
following
parameters:
bodyweight (g); average daily feed intake
(g feed/broiler/day); average daily weight gain
(g/broiler/day); feed conversion ratio (g feed/g
gain).
According to the experimental protocol, at the
end of the feeding trial (35 days of age), 6
chicks from each group were slaughtered in
order to make measurements of the relative
weight of carcass cuts and internal organs of
broilers. Samples of intestinal content were
also collected and assayed bacteriologically to
determine the Enterobacteriaceae, E. coli and
Lactobacilli.
The basic chemical composition of the
phytoadditives, feed ingredients and compound
feeds was assayed: dry matter (DM) was
determined with the gravimetric method,
according to SR ISO 6496:2001; crude protein
(CP) was determined with the Kjeldahl method,
according to SR EN ISO 5983-2:2009; the
ether extractives (EE) were determined by
extraction in organic solvents, according to SR
ISO 6492:2001; the crude fibre (CF) was
determined by successive hydrolysis in alkali

and acid environment, according to SR EN ISO
6865:2002; the ash (Ash) was determined with
the gravimetric method, according to SR EN
ISO 2171:2010.
A classical medium of isolation, G.E.A.M. or
Levine, to determine the enterobacteriaceae and
the E. coli. The samples were first immersed
into a medium with lauryl sulphate (enrichment
medium), properly homogenized, and left for
20-30 minutes at room temperature (23-240C).
Decimal solutions up to 10-5 in medium with
lauryl sulphate were prepared. Dilutions 10-2 –
10-5were used to seed 2 Petri dishes/dilution, on
Levine medium. The Petri dishes were
incubated for 48 h at 370C, and the colonies
which developed in the dishes were thereafter
counted. E. coli developed characteristic
colonies (dark violet with metallic shining).
The other Enterobacteriaceae formed either
intense red, opaque colonies (lactose-positive
species), or pale pink or colourless, semitransparent colonies (lactose-negative species)
The
colony
forming
units
from
Enterobacteriaceae, E. coli and lactobacilli was
determined by a colony counter (Scan 300,
INTERSCIENCE France).
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RESULTS AND DISCUSSIONS

The effects of treatments were tested by
analysis of variance using the GLM procedure
of the Minitab software (version 17, Minitab®
Statistical Software), with treatment as fixed
effect, according to the model Yi = Ti + ei,
where Yi was the dependent variable, Ti is the
treatment and ei is the error. When overall Ftest was significant, differences between means
were declared significant at P<0.05 using the
test of Tukey.

The results of the chemical analysis of the 2
phytoadditives (oregano and rosehip powder)
revealed a high level of crude fibre in both
products (Table 2). Therefore, the compound
feeds used during the growth stages, which
included 2% dry oregano (E1), or 2% rosehip
powder (E2), had high levels of crude fibre
(Table 2).

Table 2. Chemical composition of the phytoadditives
and of the compound feeds*
Dry matter
(%)

Crude
protein (%)

Ether
extractives
(%)

Crude
fibre
(%)

Ash (%)

Dry oregano

91.29

5.26

1.17

37.58

6.66

Rosehip powder

92.37

10.53

4.84

49.35

2.47

Starter formulation (1-14 days)

88.15

22.77

3.60

3.45

6.80

C group formulation
(14-35 days)

87.29

21.15

5.37

3.42

5.50

E1 group formulation
(14-35 days)

87.61

21.22

6.35

4.02

4.90

E2 group formulation
(14-35 days)

88.05

21.49

6.39

5.26

5.45

Specification

*Chemical composition on dry matter (DM) basis

The insoluble fibres in the diets for
monogastric animals it is considered just an
inert nutritional diluent with low feeding value.
Nevertheless, there are researchers who
consider that monogastric animals have "fibre
requirement", which may contribute to the
development and health of the digestive tract
(Hetlandet al., 2004; Walugembe et al., 2010).
Table 3 shows broiler performance throughout
the experimental period (14-35 days). The
bodyweight of C broilers, both at 21 and at 35
days, was significantly (P<0.05) higher than
that of E1 and E2 broilers. Throughout the
whole experimental period (14-35 days), the
average daily feed intake was significantly
(P<0.05) higher in group C than in groups E1
and E2. The average daily weight gain and the
feed conversion ratio, cumulated for the entire
experimental period (14-35 days), were not
different between the three groups (Table 3).
The literature data are not in agreement as to
the effects of the dietary phytoadditives on
broiler performance. Thus, Giannenas et al.

(2004) showed that the bodyweight, average
daily weight gain and feed conversion ratio
improved in the broilers treated with dry
oregano (5 g/kg) as unique supplement, or in
combination with α-tocopheryl acetate.
However, oregano effects were higher at 5.0
and 7.5 g/kg, than at 2.5 and 10.0 g/kg.
Botsoglou et al. (2002) studied the effect of
dietary oregano essential oil (50 and 100 mg/kg
of feed) on the performance of broilers and
showed that the performance of the birds was
unaffected by the experimental diets. They
concluded that dietary oregano oil exerted no
growth-promoting effect on broilers.
Table 3 data converge towards the same
conclusion, with the difference that E1 used dry
oregano in the diet. Cross et al. (2007) reported
the same effects when they studied the effect of
herbs, among which oregano, and their
associated essential oils on performance,
dietary digestibility and gut microflora in
chickens from 7 to 28 days of age.

78

Table 3. Effect of the dietary phytoadditives on broiler performance
Group/parameter

Bodyweight
(g/chick)

Average daily feed
intake (g/chick/day)

Average daily
weight gain
(g/chick/day)

Feed conversion
ratio
(g feed/g gain)

Period

Group
C

Group
E1

Group
E2

SEM

P value

1 day

38.41a

38.3a

37.872b

0.055

˂0.0001

14 days

412

392.083

402.500

4.831

0.2568

21 days

850a

794.762ab

781.905b

12.025

0.0583

28 days

1359.412

1289.048

1270.952

19.143

0.1588

35 days

2016.923a

1876.667ab

1860.588b

29.748

0.0820

14-21 days

87.956b

80.883a

78.951a

1.068

0.0013

21-28 days

115.210b

107.597a

105.000a

0.767

˂0.0001

28-35 days

119.845

119.600

116.039

1.189

0.3347

14-35 days

106.523a

102.433ab

99.750b

1.286

0.1141

14-21 days

62.017a

57.532ab

53.247b

1.699

0.1217

21-28 days

72.773

70.714

69.026

2.201

0.8016

28-35 days

93.247

85.079

83.193

4.485

0.6867

14-35 days

73.714

70.207

67.283

1.813

0.3808

14-21 days

1.397

1.408

1.557

0.042

0.2201

21-28 days

1.568

1.484

1.522

0.041

0.7295

28-35 days

1.413

1.430

1.489

0.082

0.9261

14-35 days

1.538

1.569

1.618

0.042

0.7393

*Where: SEM: standard error of the mean; means in the same row with no common superscript are significantly
different (P≤0.05)

Halle et al. (2004) reported that graded amounts
of oregano and its essential oil reduced daily
feed intake of broilers and significantly
improved feed conversion compared with that
of control birds. Roofchaee et al. (2011)
reported completely different results when they
investigated the effects of dietary oregano
(Origanum vulgare L.) essential oil on broiler
performance. Birds of experimental groups
were treated with basal diet supplemented with
300, 600 and 1200 mg/kg of oregano oil. They
found that the inclusion of 600 mg/kg of

oregano oil in grower diet significantly
increased body weight gain when compared
with
the
control
group
(P<0.05).
Supplementation of 600 and 1200 mg/kg of
oregano oil significantly improved feed
conversion ratio compared with the control
group in grower and overall experimental
periods (P<0.05)
A study by Tekeli (2014) on the effect of the
rosehip fruits on broiler performance showed
that the groups treated with 10 and 20 g rosehip
fruits /kg feed had the highest live weight. A
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higher level of rosehip fruits (30 g/kg)
depressed significantly the live weight. In this
feeding trial, we used 20 g/kg (E2), but at 35
days, the weight of broilers reared under heat
stress was lower (P<0.05) than that of group C
broilers. Loetscher et al. (2013) considered that
the potential for the application of rosehip as a
growth promoter for broilers certainly deserves
further attention.
Although the broiler chicks have been reared
throughout the 3 experimental weeks under
heat stress (320C) no mortalities were recorded

in any of the three groups: C (with monensin in
the premix); E1 (with 2% dry oregano in the
diet); E2 (with 2% rosehip powder). On the
other hand, at 14, 21, 28 and 35 days, the body
weight of the broilers in all three groups was
lower than that mentioned in the management
guide of Cobb 500 hybrid. For instance, the
bodyweight at 35 days of group C broilers was
7.94% lower than that mentioned in the
management guide (2191 g); the bodyweight
was 14.35% and 15.08% lower in groups E1
and E2, respectively (3).

Table 4. Effect of the dietary phytoadditives on development
of the carcass and of the internal organs
Weight

Group C

Group E1

Group E2

SEM

P value

Broiler carcass (g)

1423.5a

1413.4a

1338.4b

15.788

0.0211

Breast (g)

452.3

454.7

418.5

10.695

0.3446

Gizzard (g)

46.17

45.66

46.28

1.686

0.9905

Heart (g)

8.83

9.96

9.17

0.301

0.3299

Liver (g)

27.80b

31.75a

32.78a

0.846

0.0074

Spleen (g)

1.57a

2.12b

2.09a

0.119

0.0738

Bile (g)

1.79

1.65

1.21

0.193

0.5049

Bursa of Fabricius (g)

2.98

3.70

3.41

0.215

0.4508

Empty intestine (g)

47.18a

51.96b

47.52a

0.874

0.0110

*Where: SEM: standard error of the mean; means in the same row with no common superscript are significantly different (P≤0.05)

The measurements performed after slaughter
(35 days) show that the carcass of E2 broilers
was significantly (P<0.05) smaller than the
carcass of the other groups (Table 4). Except
for the liver and the spleen, the weight of all the
other internal organs was not significantly
different between groups (P>0.05). A study of
Amad et al. (2011) on the effects of a
phytogenic
feed
additive
on
growth
performance and ileal nutrient digestibility in
broiler chickens, showed that the relative
weights of the pancreas, spleen, liver, and heart
were not affected. Amad et al. (2011) showed
that their results were consistent with those of
Hernandez et al. (2004), Cabuk et al. (2005),

and Demir et al. (2008). They concluded that
herbal powders and essential oils do not affect
the relative weights of internal organs. In this
study, however, the liver was significantly
(P<0.05) smaller in group C broilers compared
to the experimental groups (E1 and E2), while
the spleen of E1 broilers was significantly
(P<0.05) larger than in groups C and E2.
Loetscher et al. (2013) showed that in the
broilers supplemented with rosemary leaves,
rosehip fruits, chokeberry pomace, and entire
nettle, from the internal organs dissected, only
the proportions of pancreas and liver were
affected by treatment.
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Table 5. Effect of the dietary phytoadditives onthe ileal microbial population of broilers (35 d of age)
(colony forming units per gram)
Specification

Group C

Group E1

Group E2

SEM

P value

Enterobacteriaceae lg10

7.252a

7.205b

7.227ab

0.009

0.0941

Escherichia coli lg 10

5.600a

5.613a

5.427a

0.089

0.6935

Lactic acid bacteria lg 10

6.312a

6.806b

6.947b

0.109

0.0115

*Where:SEM: standard error of the mean; means in the same row with no common superscript are
significantly different (P≤0.05)

CONCLUSIONS

The results on the ileal microbial population of
broilers (35 d of age) (Table 5) show no
significant differences between group C (with
coccidiostat) and the experimental groups, and
no significant differences between the
experimental groups either. The concentration
of
the
analysed
microorganisms
Enterobacteriaceae, E. coli and lactobacilli
(Table 5) is within normal limits (GournierChateau et al., 1994). The number of
Enterobacteriaceae colony forming units,
significantly (P≤0.05) lower in E1 than in C and
E2 (Table 5), supports the bactericide action of
the dietary oregano. The fact that the
Escherichia coli colony forming units was not
different between groups, shows that the two
phytoadditives (oregano and rosehip fruits)
inhibited the development of the colony
forming units of this bacteria. As the number of
Lactic acid bacteria was significantly (P≤0.05)
lower in group C than in the two experimental
groups (Table 4) shows that both the dietary
oregano and rosehip fruits had a favourable
influence on the colonization of the digestive
tract with these beneficial bacteria. Unlike these
results, Roofchaee et al. (2011) showed that the
supplementation of experimental broilers with
300 and 600 mg/kg, essential oregano oil,
significantly lowered the viable counts of cecal
E. coli compared with both the control and with
the 1200 mg/kg, essential oregano oil
supplemented group. Jakubcova et al. (2014a)
studied the antimicrobial and antioxidative
effect of phytogenic additives (grapevine seeds,
grape and rosehip pressings). Their results
highlighted the impact of grapevine seeds,
grape and rosehip pressings on bacteria
Clostridium perfringens and E. coli.

Even though the broiler chicks have been
reared throughout the 3 experimental weeks
under heat stress (320C) no mortalities were
recorded in any of the three groups: C (with
monensin in the premix); E1 (with dry oregano
in the diet); E2 (with rosehip powder). On the
other hand, at 14, 21, 28 and 35 days, the body
weight of the broilers in all three groups was
lower than that mentioned in the management
guide of Cobb 500 hybrid.
The bodyweight of group C broilers, both at 21
and at 35 days, was significantly (P<0.05)
higher than that of the experimental groups (E1
and E2). Throughout the entire experimental
period (14-35 days), the average daily feed
intake was significantly (P<0.05) higher in
group C than in groups E1 and E2, but the
average daily weight gain and the feed
conversion ratio were not different among the
three groups.
The measurements performed after slaughter
(35 days) show that except for the liver weight,
which was higher (P<0.05) in groups E1 and E2
than in group C, and the spleen weight, higher
(P<0.05) in group E1 than in groups C and E2,
the weight of all the other internal organs was
not significantly different between groups
(P>0.05).
The dietary phytoadditives given the broiler
chicks reared under heat stress (320C) had a
favourable action in maintaining the health of
the intestinal tract, by preserving the balance of
the populations of microorganisms colonizing
the intestine.
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Abstract
Modern breeding programs are based on the differences that distinguish one plant from another one, differences
encoded in the plant’s genetic material, the DNA. Genotypic selection, particularly at the DNA level, can be exploited
in Marker Assisted Selection (MAS) to identify desirable recombinants among segregating populations. Successful DNA
amplification is vital for the detection of specific DNA targets, and this depends on the ability of DNA isolation methods
to produce good quality DNA.
DNA isolation from plant tissues remains difficult because of the presence of a rigid cell wall surrounding the plant
cells. DNA isolation methods are affected by several factors like the amount of tissue needed and its availability, the
number of steps involved and the chemicals used.
In this study four different DNA isolation methods, based on CTAB and SDS (three methods), applied on single dry seed
of wheat, barley and rye, were tested and compared. The quality of DNA was assessed by spectrophotometric
measurements, gel electrophoresis and PCR reactions. The results of the experiments showed that DNA isolated by all
four isolation methods is not excessively fragmented, A260/A280 ratio was between 1.6-1.9 and the concentration
ranged between 20-194 ng/µl. The quality of the DNA was good and allowed the amplification of specific fragments by
PCR. CTAB method had better A260/A280 ratio followed by SDS1, SDS2 and SDS3. Electrophoretic pattern showed
better results with SDS2 method, followed by SDS3, SDS1 and CTAB. Furthermore, the CTAB and SDS1 methods need
more time than SDS2 and SDS3, even though the number of steps of each method are almost equal (±2 steps). An
estimative cost per sample showed that the cheapest method is the SDS3, the other three having similar costs.
Key words: DNA isolation, single dry seed, wheat, barley, rye.

INTRODUCTION

consuming step of a DNA-based detection
method (Singh, 2009).
Typical plant DNA isolation methods must go
through some basic steps like breaking the cell
wall, usually done by grinding the tissue,
disruption of the cell membrane, using a
detergent like SDS (sodium dodecyl sulfate) or
CTAB (cetyltrimethyl ammonium bromide),
protection of DNA from the endogenous
nucleases with EDTA (chelating agent that
binds magnesium ions, generally considered
a necessary cofactor for most nucleases),
removal of proteins from the buffer/tissue
mixture using chloroform or phenol to denature
and separate the proteins from DNA,
precipitation of DNA with either ethanol or
isopropanol (Rogers and Bendich, 1989).
The presence of a rigid cell wall surrounding
the plant cells, polysaccharides, proteins, and
DNA polymerase inhibitors (tannins, alkaloids,

Modern plant breeding, due to advancements in
genetics, molecular biology and tissue culture,
is being carried out by using molecular genetics
tools. Genotypic selection, particularly at the
DNA level, can be exploited in Marker
Assisted Selection (MAS) to identify desirable
recombinants among segregating populations.
PCR allows the selective amplification of
specific segments of DNA in a mixture of
other DNA sequences. Isolation of DNA
would be the first step in such analytical
methods. Successful DNA amplification is
vital for the detection of specific DNA
targets, and in return this depends on the
ability of DNA isolation methods to isolate
DNA of reasonable quantity, purity, integrity
and quality and is often the most time
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MATERIALS AND METHODS

and polyphenols) makes the DNA isolation
from cereals a difficult task. Polysaccharides,
the most common contaminants found in the
plant DNA isolation, make DNA pellets slimy
and difficult to handle. The anionic
contaminants inhibit restriction enzymes and
affect enzymatic analysis of the DNA. The
presence of these compounds reduces the
quality and quantity of DNA which often
makes
the
sample
non-amplifiable.
Furthermore, DNA isolation methods are
affected by several factors like the amount of
tissue needed and its availability, the number of
steps involved, and the chemicals used (Chaves
et al., 1995).
DNA isolation performed on seed instead of
leaf tissue allows MAS to be carried out
independently of the growth season, and the
time and glasshouse space needed for growing
the plants are saved. Most importantly, the seed
can be analyzed during the non-ﬁeld season,
selected and prepared for the next breeding
cycle. Furthermore it is possible to send seed
samples internationally for comparative studies,
this being difficult for leaf samples which have
to be kept on ice or lyophilized (Von Post,
2003).
The isolation of high-quality DNA from plant
tissue is time consuming, laborious, and quite
expensive due to multiple steps and the cost of
reagents used. High quality DNA is
characterized by predominantly high molecular
weight fragments with an A260/280 ratio
between 1.8 and 2.0 and the lack of
contaminating substances (Abdel-Latif and
Osman, 2017).
A fast, simple, and reliable DNA isolation
method, which does not require long
incubations, multiple steps or expensive
commercial kits, that could meet in the PCR,
sequencing and next-generation library
preparation requirements, will be invaluable to
plant research. Therefore, the aim of this study
was to compare quality and quantity of DNA
isolated using four different isolation methods
from a single dry seed of three cereal species,
wheat, barley and rye. Furthermore, we
compared the isolation methods regarding the
number of steps, time and price/sample.

Plant material was obtained from NARDI
Fundulea, Romania, and consisted of seeds
from three cereal species, wheat (Izvor –
cultivar with the Lr34 resistance allele), barley
(Scânteia cultivar) and rye (Harkovskaya
cultivar). 16 individual seeds (four seeds /
isolation method, DNA was isolated from each
seed - four repetitions) were used from each
cultivar. The seeds were dry crushed using a
mortar and pestle. The amount of crushed
sample obtained from each seed ranged
between 30-60 mg.
DNA isolation was performed using four
different modified methods (CTAB; SDS 1;
SDS 2 and SDS 3).
Table 1. The isolation buffers for each method
are shown in
CTAB

-

SDS 1
100 mM
Tris
50 mM
EDTA
1.5%
SDS
-

-

-

140 mM βmercaptoethanol

-

100 mM Tris
700 mM NaCl
50 mM EDTA
2% CTAB







SDS 2
100 mM Tris
500 mM NaCl
50 mM EDTA
1% SDS
2.5% D-Sorbitol
2% NLauroylsarcosine
sodium salt
-

SDS 3
100 mM
Tris
50 mM
EDTA
1.25%
SDS
-

CTAB - based on Murray & Thompson, 1980;
SDS
1
based
on
Mohammadi,
http://shigen.nig.ac.jp/ewis/article/html/118/article.h
tml;
SDS 2 - Cristina et al., 2015;
SDS 3 - based on Chao & Somers, 2012.

The protocols steps for DNA isolation using
the above mentioned methods are shown in
Table 2. Removal of proteins from the
buffer/tissue mixture, in case of CTAB and
SDS
1
methods,
was
done
with
dichloromethane:isoamyl alcohol (24:1) instead
of chloroform:isoamyl alcohol.
Dichloromethane offers a cheaper, less toxic
alternative to chloroform in protocols for DNA
isolation (Chaves, 1995).
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Mixed with 270 µl Potassium acetate 3M
(final conc. 1.62M)

2-3’

-

Mixed with 1:1 vol.
Dichloromethane:Isoamyl alcohol
(24:1, V:V)

-

12’ 9500 RCF
>500 µl supernatant mixed with 1:1 vol.
Dichloromethane:Isoamyl alcohol
(24:1, V:V)
12’ 9500 RCF

Cooling samples

Incubation 4-7°C
Vortex

DNA purification

Vortex
Incubation 4-7°C

Centrifugation

Optional step

Centrifugation
DNA pellet wash
Centrifugation
Pellet drying
DNA dissolving

DNA precipitation

Centrifugation
RN-ase treatment

DNA purification

-

60’

Incubation 65°C
1’
200 µl
Potassium acetate
3M (final conc.
1.2M)
2’
-

-

-

SDS 2
500 µl (freshly
made)

15’

Mixed with 250 µl
Ammonium acetate
6M (final conc. 3M)

15’
-

-

30’

500 µl

SDS 3

If the pellet is not dissolved in the next day the upper faze could be transferred into new tubes before quality and quantity checking.

15’ 7690 RCF
15’ 16055 RCF
15’ 7690 RCF
>400 µl supernatant mixed with 1:1 vol.
Dichloromethane:Isoamyl alcohol
(24:1, V:V)
10’ 7690 RCF
45’
5µl NaCl (5M) per 100µl sample + 2 vol. EtOH (kept at -20°C)
*optional, for better DNA precipitation, incubate samples on ice for 2-3’
6’ 16055 RCF
200-300 µl Wash buffer (76% EtOH, 10 mM NH4OAc)
200 µl EtOH 70%
5’ 18620 RCF
10-30’ at room temperature
100 µl TE (TE should be adjusted according to pellet dimension) > samples are kept overnight for dissolving at 4-7°C

-

2-3’

60’

500 µl

600 µl (freshly made)

Isolation buffer

SDS 1

CTAB

Step

Table 2. Protocols for DNA isolation

Gel electrophoresis
Both the genomic DNA and PCR products
were analysed by agarose gel electrophoresis
using 0.8% agarose gel for the genomic DNA
and 1.2-1.5% agarose gels for PCR products.

and a final extension at 72°C for 5 min. PCR
product was analyzed on 1.2% agarose gel.
- SCM9 -10 µL final reaction volume
containing 1X reaction buffer, 0.5 mM primers,
0.3U DNA polymerase and 2 µL DNA sample
(40-50 ng). PCR programme: initial
denaturation at 95°C for 1 min, followed by 40
cycles of (95°C – 15 s, 60°C – 15 s, 72°C - 10 s)
and a final extension at 72°C for 5 min. PCR
product was analyzed on 1.5% agarose gel.

Spectrophotometric measurements.
DNA purity (A260/A280 ratio) and quantity
analysis were performed with a Beckman
Coulter
Life
Sciences
DU
730
spectrophotometer.
Evaluation of DNA ampliﬁcation
In order to evaluate if the DNA is amplifiable,
all of the samples analysed were subjected to
PCR ampliﬁcation using the following
markers: cssfr5 – functional marker for Lr34
gene selection in wheat (Lagudah, 2009),
HvBM5A-exon2 – barley VRN-H1 genotype
assays (Zlotina, 2013) and SCM9 – rye SSR
(Saal and Wricke, 1999). Also, we used ISSR
17898B, UBC818 and UBC 876 for all
samples.
One sample of wheat, barley and rye from each
method has been chosen and diluted to a
working concentration 25 ng/µL. PCR
amplifications were performed in ABI
ProFlex™ 3 x 32-well PCR System.

- 17898B -25 µL final reaction volume
containing 1x buffer, 0.28 mM primer, 2U
DNA polymerase, 1 µL wheat and rye DNA
sample (20-30 ng), 1.5 µL barley DNA sample
(30-40 ng). PCR programme: initial
denaturation at 95°C for 3 min, followed by 35
cycles of (95°C – 15 s, 44°C – 15 s, 72°C - 30 s)
and a final extension at 72°C for 5 min. PCR
product was analyzed on 1.2% agarose gel.
- UBC 818 -25 µL final reaction volume
containing 1x buffer, 0.28 mM primer,
1U DNA polymerase, 0.5 µL DNA sample
(10-15 ng). PCR programme: initial
denaturation at 95°C for 3 min, followed by 40
cycles of (95°C – 15 s, 50°C – 15 s, 72°C - 30 s)
and a final extension at 72°C for 5 min. PCR
product was analyzed on 1.2% agarose gel.

PCR amplification with functional marker
cssfr5 was performed using KAPA2G Fast
Multiplex PCR Kit (KAPA Biosystems) in a
10 µL final reaction volume containing 1X
Multiplex Mix, 0.2 mM each primer, 2 µL DNA
sample (40-50 ng). PCR programme was: initial
denaturation at 95°C for 3 min, followed by 30
cycles of (95°C – 15 s, 62°C – 30 s, 72°C - 30 s)
and a final extension at 72°C for 7 min. PCR
product was analyzed on 1.2% agarose gel.

RESULTS AND DISCUSSIONS
The quality and quantity of the template DNA
are critical factors for the successful PCR
analysis. The efficiency of the DNA extraction
steps can be critical for successful
amplification since there are many compounds
that inhibit DNA amplification that can be copurified
with
the
DNA,
such
as
polysaccharides, lipids and polyphenols or
extraction chemicals.
The comparative analysis of electrophoretic
patterns of genomic DNAs (Figure 1) revealed
visible DNA bands for all isolation methods
applied. DNA isolation methods SDS 2 and
SDS 3 overall had better electrophoretic
profile, followed by SDS 1 and CTAB.

PCR reactions performed with primers
HvBM5A-exon2 (barley), SCM9 (rye), 17898B
and UBC 818 were carried out using MyTaq™
Red DNA Polymerase (Bioline).
PCR conditions were as follows:
- HvBM5A-exon 2 -15 µL final reaction
volume containing 1X reaction buffer, 0.5 mM
primers, 0.6U DNA polymerase and 3 µL DNA
sample (60-80 ng). PCR programme: initial
denaturation at 95°C for 1 min, followed by 35
cycles of (95°C – 15 s, 60°C – 15 s, 72°C - 10 s)
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Figure 1. Agarose gel electrophoresis of genomic DNA

Spectrophotometric assessment of DNA quality revealed good results for all isolation methods
applied (Table 3).
Table 3. Spectrophotometric results

Wheat 1
Wheat 2
Wheat 3
Wheat 4
Min.
Max.

CTAB
Ratio
1.767
1.934
1.883
1.859
1.767
1.934

ng/µl
89
76
85
70
70
89

SDS 1
Ratio
1.693
1.758
1.814
1.701
1.693
1.814

ng/µl
46
113
77
67
46
113

SDS 2
Ratio
1.617
1.623
1.784
1.612
1.612
1.784

ng/µl
155
195
35
37
35
195

SDS 3
Ratio
1.736
1.746
1.613
1.701
1.613
1.746

ng/µl
49
34
54
30
30
54

Barley 1
Barley 2
Barley 3
Barley 4
Min.
Max.

1.878
1.928
1.850
1.858
1.850
1.928

82
112
60
80
60
112

1.742
1.744
1.718
1.731
1.718
1.744

59
63
51
43
43
63

1.836
1.671
1.843
1.792
1.671
1.843

115
140
168
120
115
168

1.702
1.635
1.735
1.663
1.635
1.735

85
50
49
20
20
85

Rye 1
Rye 2
Rye 3
Rye 4
Min.
Max.

1.890
2.146
1.846
1.859
1.846
2.146

59
57
64
39
39
64

1.850
1.860
1.766
1.849
1.766
1.860

63
48
38
57
38
63

1.733
1.702
1.778
1.763
1.702
1.778

136
40
50
66
40
136

1.669
1.615
1.569
1.638
1.569
1.669

47
36
21
27
21
47

Sample

According to the results, CTAB method had
overall better A260/A280 ratio (1.767-2.146),
followed by SDS 1 (1.693-1.860), SDS 2
(1.612-1.843) and SDS 3 (1.569-1.746). DNA
concentrations ranged between 39-112 ng/µl

with CTAB method, 38-113 ng/µl - SDS 1, 35195 ng/µl - SDS 2 and 20-85 ng/µl - SDS 3.
Electrophoretic and spectrophotometric results
showed some differences regarding the DNA
purity and concentration: in some samples the
DNA
concentration
determined
88

spectrophotometrically was registered as high,
but the electrophoretic analysis did not confirm
the results, suggesting the presence of
contaminants that affect the measurements
and/or the electrophoresis results.

PCR with SCM9 primers amplified in rye DNA
samples (Harkovskaya cultivar) a 220bp
product and no product in wheat cultivar Izvor
(no-rye reference sample) (Figure 4).

PCR amplification
Cultivar Izvor carries Lr34 resistance allele to
leaf rust (Ciuca et al., 2015) meaning that PCR
with cssfr5 primers results in a PCR product
amplification of 751bp (Figure 2).

Figure 4. Agarose gel electrophoresis of PCR product
obtained with SCM9 primer

All rye DNA samples were amplified but DNA
sample obtained with SDS 1 method had a
weaker amplified product than all other
isolation methods. Nevertheless, DNA obtained
with SDS 1 method gave good amplification if
we compare it with DNA ladder intensity. As
expected, wheat reference sample had no PCR
product.

Figure 2. Agarose gel electrophoresis of PCR product
obtained with cssfr5 functional marker

All DNA isolation methods applied for wheat
cultivar gave good amplification results and no
significant differences were observed.

ISSR PCR with 17898B primer gave better
results for barley DNA samples, but the
amplification for wheat and rye DNA was
weaker (Figure 5).

PCR for barley DNA samples (cultivar
Scânteia), amplified a 616bp PCR product with
HvBM5A-exon 2 primers (Figure 3).

Figure 5. Agarose gel electrophoresis of PCR product
obtained with 17898B primer

The next PCR using UBC 818 ISSR primer has
shown good amplification for wheat DNA
samples whatever the method used. The poorest
results were observed in case of barley DNA
obtained by CTAB method: no clear amplicons
were detected. The best results were recorded
with barley DNA samples obtained by SDS 2
and SDS 3 methods.
For rye DNA samples, weaker amplification
was detected in the case of samples isolated
with SDS 2 method (Figure 6).

Figure 3. Agarose gel electrophoresis of PCR product
obtained with HvBM5A-exon 2 primers

Barley DNA obtained with CTAB isolation
method had weaker amplification signal
compared to the other methods. DNA obtained
with SDS 1 and SDS 3 methods gave good and
similar amplification products. The best results
seem to be obtained with DNA isolated by SDS
2 method, but the concentration of DNA
template was higher (Figure 3).
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Figure 6. Agarose gel electrophoresis of PCR product obtained with UBC 818 primer

Regarding the cost/sample for each method it
was found that SDS 3 method is the cheapest
variant (Table 4). The cost/sample was
calculated using the online available prices for
reagents
from
Sigma-Aldrich
(http://www.sigmaaldrich.com). Furthermore,
we took in consideration the time needed to
process 10-16 DNA samples: SDS 2 and SDS 3
are the shortest methods. For SDS 3 method it
can be added that the extraction buffer does not
need to be freshly made (Table 4), making this
method suitable for large number of samples.

used, differences among the DNA samples
were detected with ISSR primers.
The best results regarding the DNA quality and
quantity, the amplification results, the cost and
the time it takes to DNA extraction protocol
were obtained with SDS 3 method, making this
method suitable for large number of samples.
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Table 4. Time, number of steps and the cost/sample
Time (average)
Number of steps
Cost/sample (€)

CTAB
3-4h
14
0.113

SDS 1
3-4h
14
0.113

SDS 2
2-3h
12
0.114

SDS 3
2-3h
13
0.107
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Abstract
The paper presents an analysis on market elements that can influence the decision to cultivate rapeseed. We have
studied the market features as estimators on market supply-demand ratio (the annual production, imports and exports
of rapeseed) and the area under rapeseed production as concrete estimator on decision to cultivate. Inter-conditionality
analysis between estimators of market and the estimators of decision to cultivate, made for a time interval of 12 years
(2002-2013) emphasized that, in the Romanian market of rape, one of the significant factors influencing the decision to
growth (taken in the previous year at seeding) is the value of exports of rape in the harvest year. It also revealed that in
recent years, it has generated a system of specialized farms in rapeseed production associated to the international
market requirements. It also highlighted the fact that domestic market of rapeseed (understood as internal
consumption) does not influence the decision to cultivate rapeseed, it behaving more as a residual market in relation to
the export market.
Key words: rapeseed, decision, crop, area, export.

INTRODUCTION

previous decision of the similar nature and
level, etc. (Snedecor and Cochran, 2010). Once
adopted, the decision to cultivate becomes a
partly irreversible exercise in the production
process. The significant increase areas sown
with rapeseed in the range of 2002-2013
showed a decision of Romanian farmers caused
by the demand on the market rape, this being
characterized mainly as a commercial culture
par excellence.
In this paper we intend to analyze how the
elements of the market, understood as
estimators of supply-demand ratio (volume of
supply, the volume and value of exports and
imports), influencing the decision of the
Romanian farmer to cultivate, as rape
cultivator. Because the volume of cargo offered
the market is a complex variable generated by
acreage, crop technology applied, conditions
eco-climate of the growing season, it is clear
that the main estimator for the decision to grow
is cultivated area, as an expression of free will
of the farmer.

The decision to cultivate is recognized under
the Common Agricultural Policy as an
inalienable right of the farmer, in relation to
which there are generated strategies and
policies for agricultural development in
Member States. As an indirect result, that right
is recognized for the surface subsidy to which
the farmer calls in a voluntary manner, so that
his right of decision to be respected as a
fundamental right derived from the economic
freedom. The decision to cultivate is essential
to start the production. At conceptual level, de
decision to cultivate derived from the
paternalism
of
agricultural
production
(Snedecor and Cochran, 2010). Decision of
cultivate as individual expression of a person is
caused by some attributes: experience,
knowledge, education, financial capacity,
expectations, risks and opportunities, level of
psychic and material satisfaction of the
decision maker in relation to the result of a
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MATERIALS AND METHODS

NIS (National Institute of Statistics), Section
14 – Agriculture; cross-border transactions
(imports / exports in quantities and value) came
from statistics of Ministry of Agriculture and
Rural Development (MARD), Romania, and
volume to the domestic market was obtained by
addition the productions with the imported
quantities, and then, decreased with the
exported quantity (Table 1).

To highlight which of the elements of the rape
market can influence the crop decision, there
were analyzed the variations in sown area, total
production, imports and exports of rapeseed,
during 12 years (2002-2013).
Concerning the data, the area and production
were retained from the Statistical Yearbooks of

Table 1. Variability of the rape market in Romania during the period 2002-2013
Imports
value
thou $

thou $

Domestic
market
thou tons

731.82

2,091.56

26.25

1,005.34

724.90

5.82

687.38

9,486.05

61.84

111.67

773.48

28,407.18

36.65

130.93

4,175.24

39,627.56

48.83

9.70

279.13

10,731.34

107,016.26

92.08

76.36

564.03

53,806.97

363,804.71

185.33

Surface

Production

Import

Export

thou ha

thou tons

thou tons

thou tons

2002

74.6

35.9

0.68

10.33

2003

17.1

8.1

0.45

2.73

2004

49.7

98.7

0.41

37.26

2005

87.8

147.6

0.72

2006

110.1

175.1

4.66

2007

364.9

361.5

2008

365

673

2009

419.9

569.6

70.47

782.19

39,883.02

312,880.10

-142.1

2010

537.3

943

241.04

1052.37

113,316.81

435,280.10

131.68

2011

392.7

739

70.68

577.21

71,316.51

383,361.78

232.48

2012

105.3

157.5

59.47

68.25

53,531.38

53,971.27

148.72

2013

276.6

666.1

26.84

471.93

28,259.84

255,190.33

221.01

Year

Source: NIS, MARD Romania

Exports value

reliability decision to culture as a result of the
game demand/supply can be highlighted after
around nine months (June/July, a year later).
Analyzing the dependencies between area
variability and variation in the market elements
might reveal which of these contribute
significantly to the decision to culture.

For data analyze, there were used specific
statistical methods for string variation with a
small number of variables: the arithmetic mean,
the standard deviation, variability of mean,
median, trend of strings variation (Scorepa,
2011). To highlight the extent to which the
market variation elements influencing the
decision to cultivate in its direct expression
(acreage) it preferred to be used the correlation
coefficient, as a robust estimator for the way in
which the change of sequence of values is
associated to the variation of another set of
values, assumed to be in interdependent
relationship (Snedecor and Cochran, 2010). In
this context, given the specificity of the
growing season for autumn rape crop (this one
mostly cultivated in Romania), there have
modeled a number of correlations on possible
association with acreage, namely: annual
correlation expressions (AA in the text), the
correlation between the variations of the
previous years with the changes in the
posteriori years (AA-AP in the text). In
temporal timing of autumn rape crop, the
decision to culture should be expressed and
assumed in September of the current year, for
the market of the following year, verifying the

RESULTS AND DISCUSSIONS
A first analysis of variation in cultivated areas
confirms the exponential growth of cultivated
surfaces for rape, with sharp rise in the 20052007 period, probably under the direct
influence of "biodiesel fever" (Stelian, 2005)
which generated a significant demand for
rapeseed in the EU market (see Figure 1
below). This sharp increase, more exponential
than linear (y = 3E-176e0,2039, R2 = 0.476 vs. y
= 30.048 x - 60.088; R2 = 0.375) confirms that
the market demand influenced directly and
irreversible the farmers’ decision to cultivate.
Consequently, analyzing product market
transactions is likely to find out which market
characteristics influenced the decision crop of
farmers. One should also note that the range of
analysis is divided in at least three sub slots
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2002-2006, 2007-2010 and 2011-2013,
suggesting a change in the Romanian Rape
market mechanisms, probably due to specific
relationships resulting from linking national
market to the Community market.
Statistical analysis can made on the intervals
between 2002-2006 and 2007-2010, the period
2011-2013 remaining outside the statistical

analysis, due to the small number of variables
(Scorepa, 2011 and Snedecor & Cochran,
2010).
For this reason, and because this range is found
under the influence of CAP 2007-2013
programming, it was associated with the
previous one, resulting in a statistically assured
interval 2007-2013.

Figure 1. Changes in surfaces with rapeseed, Romania, 2002-2013, thou hectares
Source: own representation, 2017

Variance analysis of the market strings
estimators indicating (Table 2) that the
analyzed interval confirms the trend of
increasing cultivated areas, with a similar
increase in trend for the rest of the analyzed
parameters. The variation registered during

2011-2012 period is in fact a decrease in area
under rapeseed, probably due to the significant
decrease in farmers' incomes in the decision
year and this, at its turn, probably due to the
significant fall of the market in terms of
volume and value.

Table 2. Analysis of variation of rapeseed market in Romania, 2002-2013 period
Trend
Median
Average
Deviation
Deviation %
Median-Average
Trend
Median
Average
Deviation
Deviation %
Median-Average

Surface
thou ha
+0.0124* 103
193.35
233.42
177.75
76
-40.07

Source: own calculation

Production
thou tons
+0.0081* 103
268.30
381.26
320.68
84
-112.96
Value of Imports
thou $
+0.0001* 103
19,495
31,518
36,044
114
-12,022

In the table above, it is noted a great variation
(76%/surface, 146%/imports) around the mean
value of all analyzed parameters, which
indicates a production sector extremely
dynamic and extremely sensitive in terms of
decision of culture, to the variations induced by
the economic environment, respectively by the
market. It is more than obvious that the analysis

Imports
thou tons
+0.0267* 103
18.27
46.79
68.75
146
-28.52
Value of Exports
thou $
+0.00001* 103
80,493
165,986
170,032
102
-85,493

Exports
thou tons
+0.0062* 103
205.03
340.67
345.67
101
-135.64
Domestic consumption
thou tons
+0.0189* 103
76.96
87.38
105.32
120
-10.42

of variation in relative values indicate that the
sown area (the material expression of the
decision to cultivate) showed the lowest
variability (76%), followed by production
(84%), in comparison with other market
estimators (100-120%), which confirms that
culture once decided, by its irreversible nature,
likely consequences induced by market
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fluctuations are less predictable. The trend of
increasing variables expression for next time
interval is relatively small, and it is confirmed
by the fact that the average is higher than the
median, being on the right side of the curve of
variation (Scorepa, 2011). The discrepancies
recorded between the two main sub slots time,
statistically relevant, 2002-2006 and 2007-2013
(as we already mentioned, the period 20112013 cannot be accepted as statistically
relevant being held for two years, to three
minimum acceptable for statistical processing
of strings variation) was carried out in Table 3.
We note that in the second subinterval time
(2007-2013), variability of surface and
rapeseed production is significantly reduced,
suggesting some stability to the decision to
culture and consequently for the areas and
annual productions.

In absolute terms both elements (surface and
production), grow in a significant manner,
which induces an increase in supply in the
market and obviously in the revenues obtained
by sale of products. Thus, it was noticed a
significant increase in quantities of rape
exported and consumed in the domestic market,
with a significant increase in imports of
rapeseed. This paradox suggests that for
Romanian farmers demand in foreign markets
is a priority in the economy of culture. This
increase of imports conduct to the statement
that on the internal market there are not
operators able to buy and to provide the
necessary processing immediately after harvest
culture, ensuring their consumption needs
through purchases from the international
market, off-season harvest.

Table 3. Analysis on the variation of characteristics in rape's market between subperiods
Area
thou ha

Average
Deviation
Variab.
Average
Deviation
Variab.
Dif.
SD
DL 5%
Semnif.

Average
Deviation
Variab.
Average
Deviation
Variab.
Diff.
SD
DL 5%
Semnif.

Production
Imports
thou tons
thou tons
sub-period 2002-2006
67.86
93.08
1.38
35.8
71.1
1.8
52.8
76.4
132.8
sub-period 2007-2013
351.7
587.1
79.2
133.8
257.9
75.6
38.1
43.9
95.5
Analysis of differences between sub-periods
283.8
494.0
77.8
53.1
102.5
28.6
114.6
221.5
61.8
*
*
*
Value of Imports
Value of Exports
thou $
thou $
sub-period 2002-2006
1,474.66
16,067.46
1,514.7
17,185.6
102.7
107.0
sub-period 2007-2013
52,978.0
273,072.1
33,028.6
143,870.2
62.3
52.7
Analysis of differences between sub-periods
51,503.3
257,004.6
12,502.0
54,918.3
27,004.3
118,623.5
*
*
Source: own computation, 2017

The discrepancies between sub slots indicate a
much more important aspects than simple
quantitative variations and their significations.
The fact that area and production externalize
significantly lower coefficients of variation in
relation with the exports and domestic market
(38.1%/43.9% versus 59.2%/102.6%) suggests
a certain islanding decision for cultivate. In
other words, it was created in Romania a

Exports
thou tons
58.6
59.1
100.8
542.2
321.0
59.2
483.6
124.2
268.2

*
Domestic consumption
thou tons

35.9
21.4
59.8
124.2
127.4
102.6

*

88.3
49.1
106.1

system of specialized farms in the culture of
rape which is constituted as net commercial
crop, producing profit in any situation
fluctuation of the market product (ratio supply /
demand and values / prices traded). Analysis of
linear correlations between the changes in
market characteristics in relation to the
cultivated area (Table 4) performed within the
calendar year (AA) or in the gap between
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calendar years (AA-AP) highlights that in both
cases the decision expressed by the occupied
area is strongly and significant associated with
the expression of market characteristics
variation throughout the 12 years of analysis
(excluding consumption in the domestic
market). In terms of reliability the two
approaches, namely the correlations within the
same year and correlations between the year of
the decision of crop (previous year) and the

marketing year related with that decision (next
year), the differences between the correlation
coefficients are statistically insignificant for
probabilities higher than 95% (P value% <5%).
If the case when it has been used a probability
of 90% (P% values <10%), significant
correlations emerges within the year between
area and production, respectively export
quantity and its value.

Table 4. Correlation between cultivated area and the characteristics of the rape market during 2002-2013
Annual occupied area vs.:
Annual production
Imports - quantity
Exports -quantity
Imports- value
Exports - value
Domestic consumption
r* > 0.55

AA

Sig.

0.935
0.755
0.945
0.780
0.922
0.240

*
*
*
*
*
NS

AA-AP

Sig.

0.683
*
0.701
*
0.673
*
0.874
*
0.773
*
0.301
NS
Source: own computations, 2017

r

P%

1.781
0.240
1.988
-0.622
1.182
-0.136

7.2
84.1
5.7
55
23
92

consumption has a slightly negative influence
not significant (r = - 0.247; r2 = 6.1%). The
analysis allowed us to confirm the hypothesis
that in fact rape crop was strengthened after EU
accession, increases surface area and
production is largely generated by the
mechanisms of the CAP. The loss registered by
domestic consumption as a mechanism for the
decision of crop stands out even in the
conditions of insufficient size of statistical
strings analyzed. Thus between 2002-2006, the
decision to produce stood in a direct
relationship with the internal market (r = 0.505;
R2 = 25.5%), while in 2007-2013, is reflected in an
inverse relationship to it (r = - 0.247; r2 = 6.1%),
the difference between them (r = 1,551) being
provided for a probability of P% = 86.8%
(statistical insufficient), but suggests that
domestic market acts as a residual market.

The most likely explanation of these
determinations is that in order for the currently
crop (which is taken generally in AugustSeptember, at the end of the annual sales
period) farmer has the recent image of how
capitalized the decision to cultivate for the
previous year. Regarding the role of domestic
consumption in the farmer’ decision to grow,
analysis reveals that it is not participating even
with 10% (r = 0.240; R2 = 5.76%) while
assuming AA-AP relationship with the internal
market, it proves to have a slightly negative
influence (r = - 0.136; r2 = 1.84%) of the
decision of culture.
The analysis conducted in the case of two
intervals statistically significant confirmed that
the decision to culture is significantly
influenced by exported production in the crop
year (r = 0.897; R2 = 80.5%) for 2007-2013,
while for the time range 2002-2013, domestic

Table 5. Changes in correlations between the area under production and characteristics of the rapeseed market in the
sub-periods 2002-2006 or 2006-2013 (hypothesis AA)
Cases studied
Anual production
Imports - quantity
Exports -quantity
Imports- value
Exports - value
Domestic consumption

r*
Source: own calculations

I 2002-2006
5
Annual occupied area vs.:
0.822
0.704
0.828
0.614
0.831
0.505
0.880

In the above table (Table 5) there were
presented the changes that occurred between

Sig.

6

NS
NS
NS
NS
NS
NS

0.817
0.608
0.897
0.461
0.794
-0.247
0.810

II 2006-2013

Sig.
*
NS
*
NS
NS
NS

the area under production and the
characteristics of the rapeseed market in the
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CONCLUSIONS
The findings of the study are listed below.
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was
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order to realize this paper.
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Cristian Mihai ENESCU
University of Agronomic Sciences and Veterinary Medicine of Bucharest,
59 Mărăști Blvd., District 1, Bucharest, 011464, Romania
Corresponding author email: mihaienescu@agro-bucuresti.ro
Abstract
Non-wood forest products (NWFPs) represent a veritable resource base for development, providing income to support
livelihoods and promoting the competitiveness of rural economies. In Romania, NWFPs are mainly represented by
forest fruits, mushrooms, game, and medicinal plants, with a total of almost 350 species of interest. Across the country
the distribution of NWFPs is not uniform, being dependent on forests. The goal of this paper was to highlight the most
important NWFPs for Ialomița County. Therefore, four categories of NWFPs were selected and 19 criteria were used.
The Analytic Hierarchy Process (AHP) was used in order to systematically evaluate both quantitative and qualitative
criteria and to assess the performance of selected alternatives (i.e. NWFPs) by means of pairwise comparisons. The
analyses were carried out by the aid of the Expert Choice Desktop software. Black locust honey was the most promising
non-wood forest product for Ialomița County when all the 19 selected criteria received an equal importance.
Key words: non-wood forest products, NWFPs, Ialomița, AHP.

INTRODUCTION

In Romania, NWFPs are mainly represented by
forest fruits, mushrooms, game, honey, and
medicinal plants (Beldeanu, 2008; Man and
Funar, 2011). There is a large variety of
NWFPs, which could be classified according to
different criteria. For example, NWFPs are
used in: food industry (fruits, seeds,
mushrooms, sap), chemical industry (resins,
bark, cones, leaves), handicraft industry (cetin,
cones, Christmas trees), livestock industry
(seeds, grasses), pharmaceutical industry
(fruits, seeds, mushrooms, medicinal plants). A
special category consists in game species.
According to Law 407/2006, in Romania,
hunting is permitted for 18 species of mammals
and 39 species of birds.
Recently, in December 2016, on the website of
the Ministry of Environment, Waters and
Forests was posted, for public consultation, a
project of a Ministerial Order regarding the
instructions for harvesting and purchasing the
non-wood forest products, specific to national
forest fund (MEWF, 2016a). According to this
document the list consists in 120 mushroom
species and 171 plants (herbaceous, shrub and
tree species). In total, there are almost 350
species of interest for harvesting and
commercialization as NWFPs.

Non-Wood Forest Products (NWFPs) are
defined as goods of biological origin other than
wood, derived from forests, wooded lands and
trees outside forests (FAO, 1999). NWFPs are
also known as non-timber forest products, wild
products, natural products, non-timber forest
and grassland products, etc. (Belcher, 2003).
Worldwide, and especially in developing
countries, NWFPs represent a real resource
base for regional and rural development
(Stryamets, 2012), providing support for forestdependent communities in terms of food,
medicine and income (Chupezi et al., 2009),
but data availability regarding the harvesting,
management and use of NWFPs is scarce
(Turtiainen and Nuutinen, 2011). In the last two
decades, the importance of NWFPs increased,
both for forest owners as for the general public
(Mittelman et al., 1997; Janse and Ottitsch,
2005; Keča et al., 2013), around 150 NWFPs
being important within international trade
(Michie et al., 1999; Schvidenko et al., 2005).
In Europe, NWFPs play an important role in
providing income to support livelihoods,
maintaining old traditions and promoting the
competitiveness (Nichiforel, 2014).
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Across the country the distribution of NWFPs
is not uniform, being dependent on forests. As
a consequence, counties such as Suceava,
Caraș-Severin, Hunedoara, Covasna and Neamț
have a higher potential for harvesting and
marketing of NWFPs. In contract, the counties
from southern and southeastern Romania, for
which the forested area represents between 4
and 10% from the total county’ area, are
characterized by lower degrees of harvesting
and marketing of NWFPs. The goal of this
paper was to highlight the importance of nonwood forest products in Ialomița County.

(AHP) was performed. AHP is a multi-criteria
decision analysis that was developed by
Thomas L. Saaty in the 1970s, being based on a
theory of measurements through pairwise
comparisons (Saaty, 2008). Within AHP, the
decision problem (i.e. the goal of this study) is
decomposed into a hierarchy sub-problem (i.e.
the 19 criteria) which can be independently and
deeply analyzed. The next step consist in
systematically evaluation of the elements (i.e.
the 8 selected NWFPs) by comparing them to
each other two at the time, by taking into
consideration their impact on an element above
them in the constructed hierarchy (i.e. the 19
criteria).
Four NWFPs categories were used, i.e.
Mushrooms, Understory plants, Tree products
and Animal origin and for each category the
most promising two NWFPs were selected.
These categories were designed in the
European project COST FP1203: European
Non-Wood Forest Products (NWFPS) Network.
In order to achieve the goal, the following 19
criteria were taken into consideration: Criterion
1: Harvesting period (1: the shortest harvesting
period … 8: the longest harvesting period);
Criterion 2: Portfolio of derived products
(1: the smallest number of deriver products …
8: the highest number of derived products);
Criterion 3: Harvested quantity by one worker
in 8 hours (1: the lowest quantity … 8: the
highest quantity); Criterion 4: Harvesting cost
(1: the lowest cost … 8: the highest cost);
Criterion 5: Knowledge for recognition (1:
most recognizable product … 8: hardest
recognizable product); Criterion 6: Knowledge
for harvesting (1: the less knowledge necessary
… 8: most knowledge necessary); Criterion 7:
Tools needed for harvesting (1: the least … 8:
the more); Criterion 8: Complexity of
harvesting process (1: lowest … 8: highest);
Criterion 9: Distribution range (1: lowest … 8:
highest); Criterion 10: Market potential (1: low
… 8: high); Criterion 11: The price of raw
product (1: lowest … 8: highest); Criterion 12:
The price of the derived product (1: lowest …
8: highest); Criterion 13: Transport from the
harvesting point to the storage center (1: the
most easy … 8: the most complicated);
Criterion 14: Perishability (1: lowest … 8:
highest); Criterion 15: “Celebrity” of the
product on the market (1: the least known … 8:

MATERIALS AND METHODS
Ialomița is a County situated in southerneastern part of Romania, in Muntenia region,
with the capital city at Slobozia (Figure 1). Its
climate is characterized by an accentuated
variability (Zaharia et al., 2007) and its woody
vegetation is poorly represented, with only
26,200 hectares (INS, 2016).

Figure 1. Ialomița County

The forests from Ialomița County are managed
by Ialomița Forestry Department (22,123 ha
state-owned and 3,136 ha private-owned) and
they consists in deciduous forests (99.78%),
dominated by pedunculate oak (Quercus robur
L.), white poplar (Populus alba L.), willows
(Salix spp. L.), European ash (Fraxinus
excelsior L.) and black locust (Robinia
pseudoacacia
L.).
Ialomița
Forestry
Department has three forest districts, namely
Urziceni, Fetești and Slobozia. The forest
management plans of the three abovementioned forests districts were used to do the
list of the most important NWFPs.
In order to determine the most promising
NWFPs for Ialomița County, in various
scenarios, an Analytic Hierarchy Process
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the most popular); Criterion 16: Market
demand (1: lowest … 8: highest); Criterion 17:
Biotic threats (1: the fewest threats … 8: the
most threats); Criterion 18: Abiotic threats (1:
the fewest threats … 8: the most threats);
Criterion 19: Development of the process of
harvesting (1: undeveloped … 8: extremely
developed).
The following five scenarios, randomly
conducted, were taken into consideration:
Scenario 1: all 19 criteria have equal shares
(5.26%); Scenario 2: Criterion Portfolio of
derived products had 21.7% and the remaining
18 criteria had 4.3% each; Scenario 3: Criteria
Portfolio of derived products and The price of
the derived product with 22% and the
remaining criteria with 3.3% each; Scenario 4:
Criteria Portfolio of derived products, The
price of the derived product and Harvested
quantity by one worker in 8 hours with 16-20%
and the remaining criteria with 3% each;
Scenario 5: Criteria Portfolio of derived
products, The price of the derived product,

Harvested quantity by one worker in 8 hours
and Market demand with 13-18% and the
remaining criteria with 2-3% each. The
analyses were conducted by the aid of Expert
Choice Desktop (v. 11.5.1683).
RESULTS AND DISCUSSIONS
The selected 8 NWFPs, two for each of the four
category, according to the data from the forest
management plans, are the following: the
peppery milk-cap (Lactarius piperatus L.) and
the honey fungus (Armillaria mellea (Vahl) P.
Kumm) for Mushrooms category; flowers of
silver linden (Tilia tomentosa Moench) and
acorns of pedunculate oak (Q. robur L.) for
Tree products category; fruits of dog-rose
(Rosa canina L.) and blackthorn (Prunus
spinosa L.) for Understory plants category;
honey of black locust (Robinia pseudoacacia
L.) and brown hare (Lepus europaeus Pallas)
for Animal origin category. The AHP
alternative ranking is present in Table 1.

Table 1. AHP alternative ranking
Mushrooms

Tree products

Understory plants

Animal origin

Criterion

Peppery
milk-cap

Honey
fungus

Flowers
of silver
linden

Acorns of
pedunculate
oak

Fruits of
dog-rose

Fruits of
blackthorn

Honey of
black
locust

Brown
hare

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

3
1
3
2
8
6
7
3
1
1
2
3
7
7
1
1
4
5
1

3
4
4
4
8
5
7
3
2
3
3
4
7
7
3
5
4
5
1

1
3
6
1
5
4
2
8
7
7
4
1
2
1
7
7
5
8
1

7
2
8
5
6
3
5
1
4
2
8
8
1
2
2
2
3
3
1

5
5
5
7
3
1
4
6
6
6
1
7
8
5
6
6
8
8
7

6
8
7
7
1
1
4
7
5
5
5
2
5
5
5
4
8
8
1

2
4
1
8
2
8
8
5
8
8
6
6
4
4
8
8
1
2
8

8
2
2
3
4
7
1
2
3
3
7
5
3
8
3
3
8
6
1
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Results in scenario 1
The most promising NWFPs for Ialomița
County were represented by black locust honey
(ro. Miere), that recorded a value of 16.7%,
followed by dog-rose fruits (ro. Măceș), with
15.1% and blackthorn fruits (ro. Porumbar),
with 13.5% (Figure 2).
Results in scenario 2
In this scenario, when the criterion portfolio of
derived products had a share of about 5 times
larger than the other 18 criteria, the hierarchy
of the most important non-wood products
changed in the sense that the first position was
held by blackthorn fruits (17%) followed by
black locust honey (15.8%) and dog-rose fruits
(15.5%). Like in the case of scenario 1, the less
promising/important NWFPs were the peppery
milk-cap and the pedunculate oak acorns.
Results in scenario 3
In the case when the criteria portfolio of
derived products and the price of the derived
products received a share of about 22% and the
remaining 17 criteria of only 3.3%, or in other

words, when we are interested to select the
non-wood forest product with the highest
number of derived products and with the
highest prices of the derived products, the best
option turned out to be dog-rose fruits. The
ranking was completed by black locust honey
and fruits of blackthorn. Peppery milk-cap was
the last position in the top.
Results in scenario 4
In this scenario, the two most important nonwood forests products were the fruits of
blackthorn and the fruits of dog-rose. Unlike
the previous three scenarios, the top three was
completed by pedunculate oak acorns. Like in
the case of previous scenario, the last three
positions were held by peppery milk-cap,
honey fungus and brown hare, respectively.
Results in scenario 5
The most promising NWFP, in this scenario,
was black locust honey (16.6%), followed by
the fruits of dog-rose (16.1%) and the fruits of
blackthorn (16%).

Figure 2. The ranking of the eight non-wood forest products in scenario 1

The completed results in the case of five
scenarios are given in Table 2. The most
promising three NWFPs were the black locust
honey, the dog-rose fruits and the blackthorn
fruits. The presence of black locust in the top is
justified by the fact that this autochthonous tree
species was introduced in Romania, especially
in the southern part of the country, in the last
two centuries thanks to its multiple uses,
including honey production (Enescu and

Dănescu, 2013). The risk regarding the
harvesting and commercialization of this
product is represented by the climatic factors,
mainly the amount of rainfall. This is reflected
in the collected quantities of honey in the
period 2009-2015, in Romania, that varied
between 731 tons, in 2015, and 13,850 tons, in
2011 (MEWF, 2016b).
In the case of the forest fruits existing in
Ialomița County, according to the data from the
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neighboring countries which are selling much
higher quantities at cheaper prices.
National or regional forest plans pay little or no
importance of analyzing the situation of these
products and their superior revaluation.
Managers working in this field should take into
account the consumer’s demand and should
harvest large quantities of NWFPs.
Conclusions regarding the AHP results
Black locust honey was the most promising
non-wood forest product for Ialomița County
when all the 19 selected criteria received an
equal importance. In other words, in the context
of the selected 19 criteria, black locust honey
represents the main non-wood forest product on
which forest managers should focus their
attention more in the future.
In four out of the five scenarios, among the top
three products were the black locust honey and
fruits of dog-rose and blackthorn, changing
their positions in accordance with the assigned
weights for certain criteria.
The mushrooms were the lowest ranked
species, which is easily explained mainly due
to their more limited distribution range
compared to other non-wood forest products
selected in this study.
The Analytic Hierarchy Process, integrated
within Expert Choice Desktop software
package proved to be extremely useful for the
designation of the most important non-wood
forest products for Ialomița County.
By taking into consideration the current
situation regarding the management of NWFPs
at national level, we consider that this research
represents a useful tool that could be replicated
in other counties from Romania. In this
manner, the chance to highlight the
particularities regarding the management of
NWFPs in specific regions will increase.

forest management plans and by taking into
consideration the results of this research, dogrose fruits were the most promising. This is in
accordance with the data communicated by
National Forest Administration Romsilva,
according to which dog-rose fruits were the
most harvested and commercialized in the
period 2012-2014 (NFA-Romsilva, 20122014).
Table 2. Ranking of selected NWFPs in the case of the
five scenarios
NWFPs
black locust honey
dog-rose fruits
blackthorn fruits
silver linden flowers
honey fungus
brown hare
pedunculate oak acorns
peppery milk-cap

1
1
2
3
4
5
6
7
8

Scenario
2
3
4
2
2
4
3
1
2
1
3
1
5
7
5
4
5
6
6
6
7
7
4
3
8
8
8

5
1
3
2
5
6
7
4
8

Peppery milk-cap ranked last no matter what
scenario was taken into consideration, mainly
due to its poorly distribution in the region.
The low performance of the acorns of
pedunculate oak in the first two scenarios could
be explained by the high fructification
periodicity (Șofletea and Curtu, 2007) and by
the very fragmented distribution range of this
species, as a result of deforestation done in
order to increase the farming area, which is a
typical feature for the plain regions in Romania
(Enescu et al., 2010), including Ialomița
County.
CONCLUSIONS
Conclusions based on the data collected
from management forest plans and other
papers
Non-wood forest product quantities sold in
Ialomita County have decreased in recent years,
and their diversity is very low.
The sale of NWFPs is mainly done in the form
of raw material and the large quantity of them
is going to the export, due to the higher offered
prices.
The annual productions are mainly influenced
by weather conditions and the sales of the
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Abstract
The main objective of the study was to validate the use of canopy temperature depression (CTD) as a rapid early
generation screening tool for drought tolerance in wheat breeding. CTD was measured at 3 drought sites in Romania
(Valu lui Traian, Modelu, Drăgăneşti-Vlaşca) on F6. Measurements of chlorophyll content (CHL) on F6 individual
plants showed significant correlations with yield. Since a reliable yield estimate requires a plot approximately three
times bigger than that needed for an estimate of CTD and CHL, the use of these methods instead of yield estimates may
be considerably more efficient. Using alone either CTD or CHL could not provide enough data for drought resistant
selection on winter wheat lines. Alternatively, both yield and CTD and CHL could be combined in a selection index as a
more powerful indicator of drought tolerance. During the analysed period of three years, the climatic conditions were
very different from one year to another. Forty-five lines of winter wheat in two repetition have been used for
experiments, conducted in 3 locations in south of Romania. The study shows that genotype with high CTD values are
correlated with high CHL values, but has lower drought tolerance. The lines with lower CTD values and high CHL
values represent genotypes with high yield on drought conditions.
Key words: Canopy Temperature Depression, Chlorophyll content, drought resistance, winter wheat.

INTRODUCTION

of high vapour pressure deficit conditions
(Amani et al., 1996).
CTD has been used as a selection criterion for
tolerance to drought and high temperature
stress in wheat breeding and the used breeding
method is generally coming by mass selection
in early generations like F3 (Reynolds et al.,
2001).
Canopy temperature depression is highly
suitable for selecting physiologically superior
lines in warm, low relative humidity
environments where high evaporative demand
leads to leaf cooling of up to 10 °C below
ambient temperatures. This permits differences
among genotypes to be detected relatively
easily using infrared thermometry. However,
such differences cannot be detected in high
relative humidity environments because the
effect of evaporative cooling of leaves is
negligible (Reynolds et al., 2001).
Chlorophylls are a dominant factor controlling
leaf properties of healthy green vegetation and
are thus an essential part of the photosynthetic
process. They harness light energy from the sun
to store it as chemical energy (Richardson et

High CTD has been used as a selection
criterion to improve tolerance to drought and
heat (Amani et al., 1996; Ayeneh et al., 2002;
Blum, 1996; Blum et al., 1989; Pinter et al.,
1990; Rashid et al., 1999; Reynolds et al.,
1994, 2001; Fischer et al., 1998) and has been
associated with yield increase among wheat
(Triticum aestivum L.) cultivars at CIMMYT
(Fischer et al., 1998). The suitability of CTD as
an indicator of yield and stress tolerance have
been reported also by literature (Reynolds et
al., 2001). CTD frequently shows a better
association with yield and grain number than
with total biomass (Reynolds et al., 1997,
1998).
CTD effected by biological and environmental
factors
like
wind,
evapotranspiration,
cloudiness,
conduction
systems,
plant
metabolism, air temperature, relative humidity,
and continuous radiation (Reynolds et al.,
2001), has preferably been measured in high air
temperature and low relative humidity because
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The greatest chlorophyll content in plants
occurs at the outset of the flowering phase, and
chlorophyll is believed to take part in the
process of organogenesis (Simova et al., 2001).
Nitrogen concentration in wheat leaves is
related to chlorophyll content, and therefore
indirectly to one of the basic plant
physiological
processes:
photosynthesis
(Haboudane, 2002; Amaliotis et al., 2004;
Lelyveld et al., 2004; Cabrera, 2004).
The content of chlorophyll content and levels
of other leaf biochemical constituents can be
used as indicators of crop stress under
conditions of nutritional deficiencies (Tejada Zarco, 2004).

al., 2002). For optical methods for measuring
leaf Chlorophyll content, index values (e.g.
SPAD-Value) are commonly used to specify
the relative leaf Chlorophyll content
(Richardson et al., 2002; Suess et al., 2015).

MATERIALS AND METHODS
Figure 1. Factors affecting canopy temperature
depression (CTD) in plants (Reynolds et al., 2001)

Trial was conducted in 2014-2016 years at
Valu lui Traian, Modelu and Drăgăneşti-Vlaşca
Research Station situated in south of Romanian
Plane. Soil texture and type as well as climatic
condition varies from one trial station from
another, but were generally drought conditions.
The lower annual average temperature during
wheat vegetation period was registered on 2014
at Drăgăneşti Vlaşca – 7.560C, and maximum
average temperature was registered on 2015 at
Valu lui Traian – 10.580C. The minimum
rainfall during wheat vegetation season was
255.7 mm in 2013 at Valu lui Traian and
maximum 472.7 mm in 2016 at DrăgăneştiVlaşca. In this study, 30 wheat lines in two
replicates each for one station have been
analysed using a randomized block. Plots were
planted at a seeding rate of 300 seed per m2.
The dimension of one plots was 10 m2. In order
to characterize the chlorophyll content of wheat
lines have been used a Chlorophyll Content
Meter CCM 200 Plus produced by
OPTISCIENCE Hudson, USA, which analyse
the optical transmittance of wave of light at
653 nm and 931 nm with precision of
repeatability ± 5%, which could operate at a
range of temperature from 0 to 500C. Every
data is resulted from auto average from 10
measurement points. The measurement have
been made in three different phenophases of
wheat development: EC 43, EC 52 and EC 75.
All measurement for all location have been
made at 10:00 to 10:30 hours in the morning.

Chlorophyll content is one of the indices of
photosynthetic activity (Larcher, 1995). There
is usually 4-5 mg of chlorophyll per unit of leaf
surface in wheat flag-leaves and it is an
indicator of photosynthetic activity (Bojovic et
al., 2005)
Leaf chlorophyll content is often highly
correlated with leaf N status, photosynthetic
capacity (Evans, 1983; Seemann et al., 1987).
It has been reported in several studies that there
widely exists a difference of chlorophyll
content among different wheat genotypes under
the identical climatic, soil and farming
conditions (Paknejad et al., 2007; Tas et al.,
2007; Guóth et al., 2009; Keyvan, 2010; Kiliç
and Yagbasanlar, 2010).
Leaf chlorophyll content was positively
correlated with photosynthetic capacity (Araus
et al., 1997), high chlorophyll content in leaves
was considered as a favourable trait in wheat
crop production (Teng et al., 2004).
Chlorophyll content parameter is a good
indicator for predicting yield and drought
resistance for wheat (Ping Li et al., 2012).
Drought resistance genotypes of wheat had
much higher Chlorophyll content evaluated at
anthesis wheat development stage (Ping Li et
al., 2012).
Chlorophyll content is directly related to
nitrogen status, considering that most of the
leaf nitrogen is integrated in chlorophyll.
(Richardson et al., 2002).
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determined by testing against the error mean
square.

CTD measurements were made by infrared
thermometer (Model Optris Laser Sight- Optris
GmbH Berlin, Germany) equipped with an
laser class II, using IR radiation with wave
lengh of 630-650 nm, with temperature
resolution at 0.10C and an accuracy IR of
0.750C, repeatability of ±0.05 K, range
temperature from -35 to 9000C capable to make
measurement at RH from 10 to 95% and at
environmental temperature range from -30 to
650C. Measurement have been made at late
morning cloudless periods (10:30 to 11:00
hours).

Figure 3. Measuring canopy temperature depression with
an infrared thermometer on wheat flag-leaf
(Reynolds et al., 2001)

Plots were harvested using a Wintersteiger
Classic small plot combine (1998 Wintersteiger
Elite). Grain yield was determined from the
grain weight with a moisture content of 12% of
each plot for each genotype.
Figure 2. Infrared thermometer Optris Laser Sight used
for CTD determination (Optris GmbH, Germany)

RESULTS AND DISCUSSIONS
Measurement of Canopy Temperature Depression
have been measured at three intervales of time,
respectively CTD 1 at EC 43 stage, CTD 2 at
EC 52 and CTD 3 at EC 75 for all three
locations (Modelu, Valu lui Traian and
Drăgăneşti-Vlaşca). In same time the
chlorophyll content have been measured CHL 1
at EC 43, CHL 2 at EC 52 and CHL 3 at EC 75.
The measured values have been varying from
one measured stage from another and from one
location to another for same variety of wheat.
Anyhow, the yield has been varying from one
location to another and from one year to
another for same variety of wheat.
For drought condition from south part of
Romanian Plane, the heist yield have been
obtained for all research station, and for all
experimental years from varieties which have
as characteristics lower CTD values and higher
values for Chlorophyll content. This is in
correlation with literature reports (Araus et al.,

As similar to method of Fischer et al. (1998),
the data for each plot were the mean of ten
readings, taken from the same side of each plot
at an angle of approximately 45° to the
horizontal in a range of directions such that
they covered different regions of the plot and
integrated just the flag leaves. It is important to
measure the trait when it is best expressed that
is, on warm, relatively still, cloudless days.
Some environmental flux during the
measurement period is inevitable, but
correcting data against reference plots, spatial
designs, use of replication, and repetition of
data collection during the collecting time can
compensate for this. Measurements were made
at different three periods on different
phenophases of wheat development: EC 43,
EC 52 and EC 75. Variance analysis of all
agronomical traits and CTD measurements on
each growth stage were carried out and the
significance of cultivar mean square
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a water consume low per unit. That is indicated
by a reduce cooling at leaves surfaces,
measured as a low value for Canopy
Temperature Depression.
Varieties considered drought resistant for
climatic conditions from Modelu presents
values of CTD lower than 1.5 K (Figure 4).

1997; Ping Li et al., 2012; Reynolds et al.,
1997, 1998, 2001).
For drought condition the influence of CTD is
negatively correlated with yield. The influence
is linear. For Modelu’ results of the R2 obtained
values have been 0.99 for CTD 1, 0.977 for
CTD 2 and 0.979 for CTD 3 (Figure 4).
From data obtained on Modelu has been
noticed that all drought resistant varieties have

Figure 4. Influence of Canopy Temperature Depression on Yield at Modelu Research Station

From data obtained has noticed that
Chlorophyll content of wheat’ leaves is
exponentially correlated with yield, that means
that increasing of Chlorophyll content has as
results exponentially increasing of yield (Figure
5). The values of Chlorophyll content vary
from 26.36% to 52.94% in phenophases EC 43;
from 25.08% to 52.78% at EC 52 and from
27.56% to 46.76% at EC 75. Have been noticed
that during rain filling the values of chlorophyll
content were decreasing.
Anyhow content of chlorophyll is directly
correlated with Nitrogen fertilizations (Evans,

1983; Seemann et al., 1987). From data
analysis, the R2 present for all CHL 1, CHL 2
and CHL 3 data computing value of 0.971
(Figure 5).
The highest values of Chlorophyll content
indicate the highest yield for all time of
measurement EC 43, EC 52 and EC 75 (Figure
5). Similar values have been reported in
literature (Bojovic et al., 2005).
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Figure 5. Influence of chlorophyll content on yield at Modelu Research Station

The F6 tested breeding line of wheat, analysed
in Modelu for drought resistance present a
correlation between Canopy Temperature
Depression and Chlorophyll content for all
collected data. The lowest CHL 1 is correlated
with higher CTD 1, the lowest CHL 2 is
correlated with higher CTD 2, the lowest CHL

3 is correlated with higher CTD 3 and has
presented by lines with lowest yield obtained in
climatic conditions of Modelu. Ad contrarium,
the highest Chlorophyll content is correlated
with lower Canopy Temperature Depression
and is presented by wheat line with highest
yield obtained in Modelu climatic conditions.

Figure 6. Correlations between Chlorophyll content and Canopy Temperature Depression plotted against yield
for Modelu data analysis
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At Valu lui Traian Research Station the values
obtained for Chlorophyll content and Canopy
Temperature Depression presented different
values than those obtained at Modelu, also the
yields have different values from yields
obtained in Modelu, but the highest yield has
been obtained by the same wheat line as in
Modelu. The highest yield is correlated with
highest values of Chlorophyll content and

lowest value of Canopy Temperature
Depression (Figure 6).
The Chlorophyll content has exponentially
correlated with yield and Canopy Temperature
Depression is inverse direct correlated with
yield. The R2 correlation values are 0.94 for
CHL 1, 0.94 for CHL2 and 0.83 for CHL 3;
0.91 for CTD 1, 0.97 for CTD 2 and 0.85 for
CTD 3 (Figure 7).

Figure 7. Influence of Chlorophyll content and CTD on yield on Valu lui Traian Research Station

Data obtained on Drăgăneşti-Vlaşca Research
Station confirm results obtained in previous
locations (Figure 8).
During EC 75 a high heat stress affected
experimental location which is recorded on
CHL 3 and CTD 3 values.
The analysed varieties with lower CTD and
high CHL gave the high yield. Due to a late
generation of breeding selection F6, the

analysed wheat lines act as a training
population. Even that the yields have been
different and also the absolute values of CHL
and CTD, the behaviour of lines have been
similar to all environment analysed.
However, the behaviour of genetic lines has
been correlated with CTD and CHL analysed
data and shown repeatability and heritability.
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Figure 8. Influence of Chlorophyll content and CTD on yield on Drăgăneşti-Vlaşca Research Station

CONCLUSIONS
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Prediction of drought resistant lines of winter
wheat in breeding selection population could be
made using Canopy Temperature Depression
and Chlorophyll content analyses.
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provide enough data for drought resistant
selection on winter wheat lines due to different
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genotypes with high yield on drought
conditions.

This work was supported by grant of the
Romanian National Authority for Scientific
Research and Innovation CCCDI-UEFISCDI,
project number 44E/2015. This research was
funded by the EU Eurostars projects “E! 8959
Genomic selection for nitrogen use efficiency
in wheat”.
REFERENCES
Amaliotis D., Therios I., Karatissiou M., 2004. Effect of
nitrogen fertilization on growth, leaf nutrient
concentration and photosynthesis in three peach
cultivars. II International Symposium on Irrigation of
Horticultural Crops. ISHS Acta Horticulturae 449, p.
36-42.
Amani I., Fischer RA., Reynolds M.P., 1996. Evaluation
of canopy temperature as a screening tool for heat
tolerance in spring wheat. Journal of Agronomy and
Crop Science 176, p. 119-129.
Araus J.L., Amaro T., Zuhair Y., Nachit M.M., 1997b.
Effect of leaf structure and water status on carbon
isotope discrimination in field-grown durum wheat.
Plant Cell and Environment 20, p. 1484-1494.
Araus J.L., Bort J., Ceccarelli S., Grando S., 1997.
Relationship between leaf structure and carbon
isotope discrimination in field grown barley. Plant
Physiol. Biochem. 35, p. 553-541.

110

Ayeneh A., Van Ginkel M., Reynolds M.P., Ammar K.,
2002. Comparison of leaf, spike, peduncle, and
canopy temperature depression in wheat under heat
stress. Field Crops Res., 79: p. 173–184.
Blum A., 1986. The effect of heat stresss on wheat leaf
and ear photosynthesis. J. Experimental Botany 37, p.
111-118.
Blum A., 1996. Crop responses to drought and the
interpretation of adaptation. Plant Growth Regul, 20,
p. 135-148.
Blum A., Shipiler L., Golan G., Mayer J., 1989. Yield
stability and canopy temperature of wheat genotypes
under drought stress. Field Crops Res., 22: p. 289296.
Bojobic B., Stojanovic J., 2005. Chlorophyll and
carotenoid content in wheat cultivars as a function of
mineral nutrition. Archives of Biological Sciences
Belgrade 57 (4), p. 283-290.
Cabrera R.I., 2004. Evaluating yield and quality of roses
with respect to nitrogen fertilization and leaf nitrogen
status. XXV International Horticulturae Congress.
Acta Horticulturae 511.
Evans J.T., 1983. Nitrogen and photosynthesis in the flag
leaf of wheat. Plant Physiol. 72, p. 297-302
Fischer R.A., Rees D., Sayre K.D., Lu Z.-M., Condon
A.G., Larque Saavedra A., 1998. Wheat yield
progress associated with higher stomatal conductance
and photosynthetic rate, and cooler canopies. Crop
Sci. 38 (6), p. 1467-1475.
Guóth A., Tari I., Gallé Á., Csiszár J., Horváth F.,
Pécsváradi A., Cseuz L., Erdei L., 2009. Chlorophyll
a fluorescence induction parameters of flag leaves
characterize genotypes and not the drought tolerance
of wheat during grain filling under water deficit. Acta
Biol Szeged. 53, p. 1-7.
Haboudane D., Miller J.R., Tremblay N., Zarco-Tejada
P.J., Dextraze L., 2002. Intergrated narrow-band
vegetation indices for prediction of crop chlorophyll
content for application to precision agriculture.
Remote Sensing of Environment 81, p. 416-425.
Keyvan S., 2010. The effects of drought stress on yield,
relative water content, proline, soluble carbohydrates
and chlorophyll of bread wheat cultivars. J Anim
Plant Sci. 8, p. 1051-1060.
Kiliç H., Yagbasanlar T., 2010. The effect of drought
stress on grain yield, yield components and some
quality traits of durum wheat (Triticum turgidum ssp.
durum) Cultivars. Not Bot Hort Agrobot Cluj. 38: p.
164-170
Larcher W., 1995. Physiological Plant Ecology. Third
edition. Springer, Berlin.
Lelyveld L.J., Smith B.L., Frazer C., 2004. Nitrogen
fertilization of tea: Effect on chlorophyll and quality
parameters of processed black tea. International
Symposium on the Culture of Subtropical and
Tropical Fruits and Crops, ISHS Acta Horticulturae
275, p. 168-180.
Paknejad F., Nasri M., Moghadam H.R.T., Zahedi H.,
Alahrnadi M.J., 2007. Effects of drought stress on
chlorophyll fluorescence parameters, chlorophyll
content and grain yield of wheat cultivars. J. Biol Sci.
7, p. 841-847.

Ping L.I., Pute W.U., Jianli C., 2012. Evaluation of flag
leaf chlorophyll content index in 30 spring wheat
genotypes under three irrigation regimes. Australian
Journal of Crop Science 6, p. 1123-1130.
Pinter P.J., Zipoli G., Reginato R.J., Jackson R.D., Idso
S.B., Hohman J.P., 1990. Canopy temperature as an
indicator of differential water use and yield
performance among wheat cultivars. Agric. Water
Manag. 18, p. 35-48.
Rashid A., Stark J.C., Tanveer A., Mustafa T., 1999. Use
of canopy temperature measurements as a screening
tool for drought tolerance in spring wheat. J. Agron
Crop Sci. 182, p. 231-237.
Reynolds M.P., Balota M., Delgado M.I.B., Amani I.,
Fischer R.A., 1994. Physiological and morphological
traits associated with spring wheat yield under hot,
irrigated conditions. Aust. J. Plant Physiol. 21, p.
717-30.
Reynolds M.P., Singh R.P., Ibrahim A., Ageeb O.A.A.,
Larqué-Saavedra A., Quick J.S., 1998. Evaluating
physiological traits to complement empirical
selection for wheat in warm environments. Euphytica
100: p. 84-95.
Reynolds M.P., Nagarajan S., Razzaque M.A., Ageeb
O.A.A., 1997. Using canopy temperature depression
to select for yield potential of wheat in heat-stressed
environments. Wheat Special Report No. 42. Mexico,
D.F.: CIMMYT.
Reynolds M.P., Ortiz-Monasterio J.I., McNab A., 2001.
Application of Physiology in Wheat Breeding.
Mexico, D.F.: CIMMYT.
Richardson A.D., Duigan S.P., Berlyn G.P., 2002. An
evaluation of noninvasive methods to estimate foliar
chlorophyll content. In: New Phytologist, Vol.
153(1), p. 185-194. http://doi.org/10.1046/j.0028646x.2001.00289.x
Seeman J.R., Sharkey T.D., Wang J., Osmond C.B.,
1987. Environmental effects on photosynthesis,
nitrogen-use efficiency, and metabolic pools in leaves
of sun and shade plants. Plant Physiol. 84, p. 796802.
Simova-Stoilova Lj, Stoyanova Z., Demirevska-Kepova,
K., 2001. Ontogenic changes in leaf pigments, total
soluble protein and Rubisco in two barley varieties in
relation to yield. Bulg. J. Plant Physiology 27(1-2), p.
15-24.
Suess S., Van der Linden S., Okujeni A., Schwieder M.,
Leitão P.J., Hostert P., 2015. Using classprobabilities to map gradual transitions in shrub
vegetation maps from simulated EnMAP data.
Remote Sens. 7, p. 10668-10688.
Tas S., Tas B., 2007. Some physiological responses of
drought stress in wheat genotypes with different
ploidity in Turkiye. World J Agric Sci. 3, p. 178-183.
Tejada-Zarco P.J., Miller J.R., Morales A., Berjon A.,
Aguera J., 2004. Hyperspectral indices and
simulation models for chlorophyll estimation in opencanopy tree crops. Remote Sensing of Environment
90, p. 463-476.
Teng S., Qian Q., Zeng D., Kunihiro Y., Fujimoto K.,
Huang D., Zhu L., 2004. QTL analysis of leaf
photosynthetic rate and related physiological traits in
rice (Oryza sativa L.). Euphytica 135, p. 1-7.

111

AgroLife Scientific Journal - Volume 6, Number 1, 2017
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

ETHANOL FERMENTATION FROM MICROWAVE-ASSISTED ACID
PRETREATED RAW MATERIALS BY Scheffersomyces stipitis
Mustafa GERMEC1,2, Ali OZCAN1, Cansu YILMAZER1, Nurullah TAS1,
Zeynep ONUK1, Fadime DEMIREL1, Irfan TURHAN1
1

2

Akdeniz University, Department of Food Engineering, 07058, Antalya, Turkey
Cankiri Karatekin University, Department of Food Engineering, 18100, Cankiri, Turkey
Corresponding author email: nafrinahrut@gmail.com

Abstract
The production of value-added products from renewable resources have been studied by researchers for years and are
still being studied due to the fact that there is a point of interest. In this study, ethanol production from microwaveassisted acid pretreated renewable resources including barley husk, wheat bran, and rye bran was performed. The
hydrolysis of renewable resources were performed at 700 W of microwave power, 6.92 min of irradiation time, 1:18.26
w/v of solid-to-liquid ratio, and 3.67% v/v of acid ratio for barley husk, 600 W, 6.92 min, 1:16.69 w/v, and 1.85% for
wheat bran, and 460 W, 6.15 min, 1:17.14 w/v, and 2.72% for rye bran. The hydrolysates were detoxified with 2% (w/v)
activated charcoal at 30ºC and 150 rpm for 30 min. Then, the enriched hydrolysates were utilized to produce ethanol in
shake flask fermentation by Scheffersomyces stipitis (ATCC 58784) that is a xylose fermenting yeast at 150 rpm and
30ºC with 5% (v/v) inoculum size. Results indicated that the highest ethanol production (6.15 g/L) was performed in
shake flask fermentation with wheat bran medium. However, the lowest ethanol concentration (1.37 g/L) was obtained
from barley husk medium. Also, 4.89 g/L of ethanol was produced in rye bran media. Nonetheless, while the highest
ethanol yield was calculated to be 44.11% in wheat bran media, the lowest ethanol yield was 12.78% in barley husk
medium. On the other hand, the sugar utilization yields in barley husk, wheat bran, and rye bran mediums were also
computed to be 85.33, 94.09, and 94.74%, respectively. Consequently, raw materials used in this study can be utilized
as good carbon sources for production of ethanol by fermentation.
Key words: microwave-assisted, pretreatment, detoxification, Scheffersomyces stipitis, shake flask fermentation,
ethanol.

INTRODUCTION

problems, the attempts are increased for the
production of biofuels from renewable
resources. Therefore, alternative resources and
approaches required to be investigated to meet
the energy requirement of the world (Fatehi,
2013).
An important step for production of biofuels
such as bioethanol by fermentation is
pretreatment (Menon & Rao, 2012). The
pretreatment types are mechanical, physical,
chemical, physico-chemical, and biological,
which are applied to renewable resources for
production of value-added products/chemicals
(Fatehi, 2013; Menon & Rao, 2012). Once is
microwave-assisted dilute acid pretreatment,
which is one of the physico-chemical
pretreatment processes (Zhang et al., 2017).
This pretreatment process is a promising
technology for the production of fermentable
sugars from the renewable resources and
following by the production of value-added
products such as ethanol by biotechnological

Renewable resources such as agricultural
residues, agro-industrial residues, food
processing wastes, human and animal wastes
etc., are the most abundant available and
inexpensive materials on the earth. Therefore,
these wastes can be evaluated for the
production of value-added products/chemicals
by biotechnological processes due to their high
carbohydrate contents since they consisted of
cellulose (40-50%), hemicellulose (25-30%),
lignin (15-20%), and the other extractives
components (Germec et al., 2016c; Menon &
Rao, 2012).
Energy consumption has increased day by day
coupled with the world population (Zhu et al.,
2006). Fossil fuels have been utilized to meet
the energy and organic chemical demand of the
world for years. But fossil fuel reserved are
reduced with each passing day and thus are
becoming expensive. To overcome such
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(CERTOMAT® IS, Gottingen, Germany) at
30ºC and 150 rpm with 2% (w/v) activated
charcoal for 30 min. Following the
detoxification, the activated charcoal was
separated from the hydrolysates by using a
centrifuge (4000 rpm, 20ºC, and 30 min)
(VWR Mega Star 3.0R, Osterode am Harz,
Germany) and then the supernatants were
removed for the fermentation to ethanol
(Germec et al., 2016a; Mateo et al., 2013).

processes (Zhao et al., 2010). To our
knowledge, there are no reports on ethanol
production from microwave-assisted dilute acid
pretreated barley husk, rye bran, and wheat
bran. The objective of this study was to
evaluate the suitability of ethanol production
from microwave-assisted dilute acid pretreated
barley husk, rye bran, and wheat bran by using
S. stipitis.
MATERIALS AND METHODS

Microorganism and medium
Scheffersomyces stipitis ATCC 58784 was
obtained from American Type Culture
Collection (Manassas, VA, USA). S. stipitis
ATCC 58784 was grown at 30ºC for 48 h in a
yeast extract-malt (YM) medium containing
10 g of glucose, 3 g of yeast extract, 3 g of malt
extract, and 5 g of peptone per liter of
deionized water. The medium pH was adjusted
to 6.2 with 4 N NaOH and HCl. The culture
was stored at 4ºC and sub-cultured bi-monthly
in order to maintain viability. For a long-term
storage, stock cultures were maintained in 20%
glycerol at -80ºC. S. stipites was grown in 250
mL flasks containing 100 mL of YM at 30ºC
and 150 rpm for 24 h for inoculation (Germec
et al., 2016b; Zhu et al., 2011).

Raw material
Barley husk and rye branwere provided from
Health Agricultural Products and Food Ind.
Trade. Co. Ltd in Konya, Turkey. Wheat bran
was obtained from a local feed factory in
Osmancik (a district of Corum), Turkey.
Among these, barley husk was milled to
increase the hydrolysis efficiency by using a
grinder
(Bosch
MKM6000,
Ljubljana,
Slovenia). Raw materials were stored at +4ºC
until used.
Microwave-assisted dilute acid pretreatment
of raw materials
Microwave-assisted dilute acid hydrolysis of
the raw materials (10 g in the liquid phase) was
performed in a microwave oven (Beko MD
1610, voltage 230-240 V, ~50Hz, frequency
2450 MHz, and maximum power 1200 W,
Foshan, Guangdong, China). Optimum
hydrolysis conditions were determined using
Box-Behnken Response Surface Methodology
by Germec et al. (2017). The optimum
conditions were 700 W, 6.92 min, 1:18.26 w/v,
and 3.67% for barley husk, 600 W, 6.92 min,
1:16.69 w/v, and 1.85% for wheat bran, and
460 W, 6.15 min, 1:17.14 w/v, and 2.72% for
rye bran, respectively. After hydrolysis, the
reaction mixtures were cooled to room
temperature and then filtered. The hydrolysates
were stored at +4ºC until used for fermentation
(Germec et al., 2017).

Ethanol fermentation medium
The base-line medium was composed of 10 g
of glucose, 3 g of yeast extract, 3 g of malt
extract, and 5 g of peptone per liter of
deionized water. For fermentations, the
detoxified hydrolysates were used as carbon
source instead of glucose, but all other
ingredients were added in the fermentation
medium (Germec et al., 2016b; Germec et al.,
2016d).
Shake flask fermentation
Shake flask fermentations were carried out in a
shaking
incubator
(CERTOMAT®
IS,
Gottingen, Germany) with 250 ml flasks
containing 100 ml of the prepared mediums
from the detoxified raw material hydrolysates.
All fermentation runs were performed in
duplicate. The initial pH of mediums was
adjusted to 6.2 by adding 8 N NaOH and
4 N HCI. Then, the flasks were autoclaved at
121.1ºC for 15 min. After autoclaving and
cooling down to room temperature, 5% (v/v) of

Detoxification with activated charcoal
In order to decrease the concentration of
inhibitors liberated during the pretreatment of
raw materials, the hydrolysate (100 ml) was
detoxified
with
activated
charcoal
detoxification method. Briefly, it was
performed using a shaking incubator
113

prepared inoculum at 30ºC for 24 h was used to
inoculate into the flasks and ethanol
fermentations were performed for a period of
120 h. During ethanol fermentations,
temperature was maintained at 30ºC and
agitation speed was kept at 150 rpm. Samples
(1 ml) were collected every 4 or 8 h for the first
12 h and every 12 or 24 h for the remainder of
the fermentation and analyzed for residual
sugar, ethanol production (P) as well as optical
cell density for biomass concentration (X) in
fermentation broth (Germec et al., 2016a).

is biomass concentration, g/L (Germec et al.,
2016b).
Kinetic parameters
Following kinetics were calculated as follows:
 Sugar consumption (S, g/L) = Sf - Si
 Ethanol production (P, g/L) = Pf - Pi
 Ethanol yield (YP/S, %)= (P/S) × 100
 Biomass yield (YX/S, %) = (X/S) × 100
 Product yield per biomass (YP/X, g/g) = P/X
 Maximum consumption rate (QS, g/L/h) =
(-ds/dt)max
 Maximum production rate (QP, g/L/h) =
(dp/dt)max
 Sugar utilization yield (SUY, %) = (S/Sm)×100
 Theoretical ethanol yield (TY, %) =
(YP/S/51.1)×100

Analysis
Ethanol
The ethanol was determined by using a HPLC
(Thermo Scientific UltiMate 3000, Dreieich,
Germany) equipped with a RefractoMax 520
refractive index detector, autosampler, column
oven, and computer controller. Separations
were performed on a Transgenomic ICSep
ORH-801 column (Apple Valley, MN) at 70ºC
using 0.01 N H2SO4 as the mobile phase with a
20 µL injection volume. The flow rates of 0.5
ml/min was used for analysis of ethanol.

where, S is the sugar consumption (g/L);Si and
Sf are residual sugar concentrations at the
beginning and at the end of the fermentation
(g/L), respectively; P is the ethanol production
(g/L); Pi and Pf are ethanol concentrations at
the beginning and at the end of the
fermentation (g/L), respectively (g/L); X is
biomass production (g/L); QS is the slope of the
steepest part of sugar consumption profiles
(g/L/h); QP is the slope of the steepest part of
ethanol production profile (g/L/h), the slopes
were calculated using at least three points; and
Sm is maximum sugar concentration (g/L).

Residual sugar concentration
The residual sugar concentration in the
fermentation broth was analyzed by 3,5dinitrosalicylic acid method (Miller, 1959).
Briefly, a measurement of absorbance at 575
nm was recorded. A calibration curve for the
spectrophotometric measurements (Thermo
Scientific Evolution 201 UV-Vis, Shanghai,
China) was created using a glucose solution.
Deionized water was used as a blank.
Absorbance values were converted to residual
sugar concentration by using the obtained
standard
curve,
which
was
y=60.401×Abs575+0.5751. Here y is glucose
concentration, g/L (Germec et al., 2016a;
Germec et al., 2015).

RESULTS AND DISCUSSIONS
In this study, ethanol production from
microwave-assisted dilute acid pretreated and
detoxified raw material hydrolysates was
performed and the results were evaluated in
terms of kinetic parameters.
Ethanol production in shake flask
fermentation with barley husk medium

Biomass
The optical cell density was measured using a
spectrophotometer (Thermo Scientific 201 UVVisible Evolution, Shanghai, China) at 600 nm.
Uninoculated media was used as a blank.
Absorbance values were converted to biomass
concentrations by using a standard curve,
which was y=0.3047×Abs600-0.2656, where y

Figure 1 depicts the sugar consumption, cell
growth, ethanol production plots belong to
ethanol
fermentation
in
shake
flask
fermentation with barley husk medium. Figure 1
shown that the sugar consumption stopped at
96 h of fermentation. At this point, the yeast
growth also entered into the stationary phase.
However, it indicated that ethanol production is
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still continuing up to 120 h cultivation.
Because, the ethanol concentration produced
was both quite low and not economical
(Figure 1).

In the literature, no study was carried out the
ethanol production from the microwaveassisted dilute acid pretreated and detoxified
barley husk hydrolysate by using S. stipitis.
However, Palmarola‐Adrados et al. (2005) was
performed the ethanol production from barley
husk hydrolysate by using baker’s yeast. Our
results were not assisted their results. Indeed,
they reported that the theoretical ethanol yield
was achieved to be 92% and the hydrolysate
samples were fermented within the first 5 h.
Kim et al. (2008) investigated the bioethanol
production from the SAA (soaking in aqueous
ammonia)-pretreated barley hulls by using
recombinant Escherichia coli. Results indicated
that the ethanol produced was 24.1 g/L, which
corresponded to 89.4% of the maximal
theoretical yield depending on the glucan and
xylan. Consequently, further researches should
be taken place with regard to the ethanol
production from microwave-assisted acid
pretreated barley husk hydrolysate.

Figure 1. Diagram belong to ethanol production from the
detoxified barley husk hydrolysate in shake flask
fermentation

Table 1 shows the kinetic parameters for shake
flask ethanol fermentation with barley husk
medium. The sugar concentration consumed
through fermentation was 10.72 g/L. However,
1.84 g/L of sugar was not consumed by the
yeast S. stipitis (data not shown). On the other
hand, although 85.33% of sugar was consumed
by the yeast, the ethanol concentration
produced was 1.37 g/L, fairly low. Therefore,
while the ethanol yield was stayed at 12.78%,
the theoretical ethanol efficiency was also
25.01%, which was about 4-times lower than
the theoretical efficiency. Additionally, the
biomass yield was rather high, which yielded as
68.39%, but the ethanol yield per biomass was
0.19 g/g. In addition, maximum consumption
and maximum production rates were also
calculated to be 0.41 and 0.03 g/L/h,
respectively.

Ethanol production in shake flask
fermentation with rye bran medium
Ethanol fermentation performed in shake flask
fermentation with rye bran medium was
demonstrated in Figure 2.

Table 1. The kinetic parameters for detoxified barley
husk fermentation
Kinetics
Value
Unit
S
10.72
g/L
P
1.37
g/L
12.78
%
YP/S
68.39
%
YX/S
0.19
g/g
YP/X
0.41
g/L/h
QS
0.03
g/L/h
QP
SUY
85.33
%
TY
25.01
%

Figure 2. Diagram belong to ethanol production from the
detoxified rye bran hydrolysate in shake flask
fermentation

The sugar in the media was swiftly consumed
in the first 24 h of fermentation and the ethanol
was relatively increased. Within the same
period, the cell growth also increased rapidly.
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indicated that the ethanol production was
409 L/tones, which was equivalent to 90.1% of
theoretical ethanol yield. Vidmantiene et al.
(2006) was performed the fermentation to
ethanol using the baker’s yeast of sugars
releasing by enzymatic hydrolysis of rye bran
and reported that the maximum ethanol
concentration and ethanol yield were 44 g/L
and 45.7% (89.4% of theoretical yield),
respectively. The yields (90.1 and 89.4% of
theoretical maximal ethanol yield) were
relatively higher than our theoretical yield
value.

After the 24 h of fermentation, the sugar’s
consumption continued until the end of the
fermentation, slowly. At the end of the
fermentation, 0.73 g/L of sugar was not
consumed by the yeasts. The maximum
biomass concentration (9.16 g/L) was at 48 h of
fermentation (data not shown). After this point,
cell growth entered to the stationary phase. But,
interestingly, the ethanol production was
swiftly increased when the yeast enter to
stationary phase (Figure 2).
According to data from in Table 2, the ethanol
yield was 37.36% when the sugar consumption
and ethanol production were 13.08 and
4.89 g/L, respectively. On the other hand, the
biomass yield was 65.93% since the growing
biomass concentration was 8.62 g/L. Therefore,
the product yield per biomass was 0.57 g/g.

Ethanol production in shake flask
fermentation with wheat bran medium
Figure 3 displays the sugar consumption, cell
growth, and ethanol production plots belong to
the shake flask fermentation of the microwaveassisted dilute acid pretreated and detoxified
wheat bran hydrolysate. According to Figure 3,
the sugars in wheat bran hydrolysate was
rapidly consumed until the 48 h of fermentation
by the yeast S. stipitis.

Table 2. The kinetic parameters for detoxified rye bran
fermentation
Kinetics
Value
Unit
S
13.08
g/L
P
4.89
g/L
37.36
%
YP/S
65.93
%
YX/S
0.57
g/g
YP/X
0.35
g/L/h
QS
0.07
g/L/h
QP
SUY
94.74
%
TY
73.10
%

As the 13.08 g/L of the sugars in the media was
consumed by the yeast and the initial sugar
concentration was 13.80 g/L, the sugar
utilization yield was calculated to be 94.74%,
nearly whole sugar. Besides, theoretically, the
maximal ethanol yield from the glucose is
51.1%. Since the ethanol yield was 37.36% in
this part of the study, the theoretical ethanol
yield was 73.10%, which was relatively close
to maximal theoretical ethanol yield. In
addition, maximum consumption rate and
maximum production rate were also calculated,
which were yielded to be 0.35 and 0.07 g/L/h,
respectively.
In the literature, while there is no study related
to ethanol production from microwave-assisted
dilute acid pretreated and detoxified rye bran
hydrolysate, however, the ethanol was
produced from the rye bran. For instance,
Wang et al. (1998) was taken place the
fermentation of sugars to ethanol obtained from
enzymatic hydrolysis of fall rye. The results

Figure 3. Diagram belong to ethanol production from the
detoxified wheat bran hydrolysate in shake flask
fermentation

Nonetheless, both ethanol production and cell
growth was increased with decreasing of the
sugars in the media. After the 48 h of
fermentation, along with the sugar consumption
was continued at a slow rate until the end of the
fermentation, while the ethanol concentration
was normally increased, the cell growth
stopped. The highest biomass concentration
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corresponding to approximate
theoretical ethanol yield.

was observed at 96 h of fermentation while
maximum ethanol production and the lowest
sugar concentration were determined at the end
of the fermentation (Figure 3).
The kinetic results calculated using the
experimental data from the fermentation of
wheat bran hydrolysate were given in Table 3.
The ethanol concentration produced and the
sugar concentration consumed were 6.15 and
13.95 g/L, respectively. Therefore, the results
indicated that the ethanol yield was quite close
to theoretical ethanol yield, which achieved to
be 44.11% (86.32% of the theoretical value).

96%

of

CONCLUSIONS
In this study, the ethanol production from the
microwave-assisted dilute acid pretreated and
activated charcoal detoxified raw material
hydrolysates was performed and the results
were evaluated in terms of kinetics. Results
indicated that, the low kinetic results were
obtained from the fermentation of barley husk
hydrolysate. Therefore, it should be
investigated further why this is so. Good results
were achieved from the fermentation of rye
bran and wheat bran, especially the latter. Thus,
these results can be further improved under the
controlled
fermentation
conditions.
In
conclusion, the raw materials used in this study
can be good, inexpensive, and alternative
carbon sources for the production of valueadded products by biotechnological processes.

Table 3. The kinetic parameters for detoxified wheat
bran fermentation
Kinetics
Value
Unit
S
13.95
g/L
P
6.15
g/L
44.11
%
YP/S
59.09
%
YX/S
0.75
g/g
YP/X
0.33
g/L/h
QS
0.10
g/L/h
QP
SUY
94.09
%
TY
86.32
%
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Abstract
The objective of this experiment was to determine if the quality of sunflower oil enriched with mixtures of two
antioxidants of rosemary extracts was improved during frying. The enriched oils have been subjected to frying process
at a temperature of 180 ° C ± 1oC and held for about seven hours per day, for a period of 10 days. Samples of frozen
cooked potatoes were fried in these oils seven times a day, every hour. Quality evaluation of the oils took place every
day of the experiment, as far as refractive index, acidity, p-anisidine value, K232 and K270 and polar and oxidation
compounds were concerned.
Key words: rosemary antioxidants, frying process, oil quality, toxic compounds, food safety, sunflower oil, rapid
methods.

INTRODUCTION

of soybean and sunflower oil reduced the
peroxide value by 38% after 30 h of heating.
This oil resists to oxidation and conserves the
higher amount of unsaturated fatty acids even
after 30 h of heating.
The frying temperature recommended for
specific foods in different studies varies from
160 to 2000C, with the optimal frying
temperature depending on the type of food, its
size, the fat turnover, the size of the frying vat,
the number of the frying vats used (Mehta and
Swinburn, 2001). Natural antioxidants are
usually used in low-temperature conditions. In
foods exposed to high temperatures (i.e., potato
chips) little information is available on the
effectiveness of natural antioxidants. Potato
chips oxidize easily, thus losing commercial
value and health properties (Lalas and
Dourtoglou, 2003). Higher temperatures,
especially over 2000C, accelerate oxidative and
thermal alterations and increase the rate of
formation of decomposition products (Soriano
et al., 2002).

Fat or oil frying is one of the most common and
the oldest methods developed and used by man
for the preparation of food. Recent consumer
interest in “healthy eating” has raised
awareness of the need to limit the consumption
of fat and fatty foods (Ghiduruş et al., 2013).
The fast food industry is adopting various
methods designed to maintain the quality and
increase the useful life of frying oils. Among
those they include the use of antioxidants (Paul
and Mittal, 1997). As it is known, the phenolic
compounds have capacity to act as antioxidants
(Zayova et al., 2016). The antioxidant
properties of herbal products are mainly
attributed to phenolic compounds such as
flavonoids and polyphenolic derivates (Nikita
et al., 2016). Among the antioxidant
compounds,
polyphenols
have
gained
importance due to their large array of
biological action that include free radical
scavenging, metal chelation and enzyme
modulation activities (Popa et al., 2016). When
added to foods, antioxidants control rancidity
development, retard the formation of toxic
oxidation products, maintain nutritional quality,
and extend the shelf-life of products (Shahidi
and Ambigaipalan, 2015).
According to Chammem et al. (2015) the
addition of the rosemary extract in the mixture

MATERIALS AND METHODS
The experiment was conducted in such a
manner to determine if the quality of sunflower
oil enriched with mixtures of two antioxidants
of rosemary extracts was improved during
frying. In this respect the vegetable oil samples
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were placed in four deep fryers, as follows: 1st
deep fryer contained a control sample (M) normal sunflower oil (reference sample); 2nd
contained sample 1 (P1) - sunflower oil with
added antioxidant, INOLENS 4 manufactured
by Vitiv, 500 ppm rosemary extract; 3rd
contained sample 2 (P2) - sunflower oil
enriched with INOLENS 4 containing 1000
ppm antioxidant as rosemary extract; 4th fryer
contained sample 3 (P3) - sunflower oil 1000
ppm antioxidant SyneROX HT as rosemary
extract manufactured by Vitiv, which contains
citrate as well. The enriched oils have been
subjected to frying process at a temperature of
180°C ± 1oC and held for about seven hours
per day, for a period of 10 days, and the total
number of frying hours being 68. The oils were
heated 10 minutes to reach the first
predetermined temperature, without frying
potatoes. Samples of frozen cooked potatoes
weighing 50 g were fried in these oils seven
times a day, every hour, each sample, except
the first day when frying took place only 5
hours. The methods used for quality evaluation
of the oilsare the AOAC standard methods for
refractive index, acidity, p-anisidine value,
K232 and K270 and a sensor for polar
compounds (FOM-Food oil monitor). Fritest
and Oxifrit, rapid methods, were used to asses
qualitatively the oils as far as the total
oxidation compounds are concerned.
The extracts of rosemary used had a
polyphenol content of 42 ± 1 mg/g, expressed
as carnosic acid and carnosol.

During induction the peroxide formation is
low, the refractive index remains constant.
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Figure 1. Refractive index and the percentage of solids
values of oil samples enriched with antioxidants from
rosemary oil, used in 10 days frying process

During the 2nd stage when forming relatively
more peroxides, IR increases rapidly until the
maximum amount of peroxide is continuing to
grow in the third stage peroxides decompose,
but not as much as in stage second.
Regarding the acid indexes and the percentage
of oleic acid, the highest values were recorded
for both parameters in P3, test sample which
was containing sunflower oil with 1000 ppm
antioxidant SyneROX HT, who reached a value
of index acid of 1.253 after 10 days of
experiment, the initial value being 0.269 so we
observed an increase of 4.66 fold as compared
to day one.
The minimum value was recorded in P1
sample, which contained sunflower oil with
added antioxidant INOLENS 4, as rosemary
extract, 500 ppm, where the acid value was
0.981 on the tenth day (Figure 2).

RESULTS AND DISCUSSIONS
As can be seen in Figure 1 both the refractive
index and the percentage of solids in the oil
samples increased from 1.47 in the fresh oil to
about 1.48, however the differences between
the three samples of the oil enriched with
antioxidant extract and the control oil sample
was not significant.
The results are in agreement with those
published by other authors in the literature:
Yoon et al., (1987), Al-Harbi (1993), AlKahtani (1991), who argue that IR values of
oils were used to fry, are higher than those of
fresh oil. IR values change in relation to the
three stages of autooxidation.
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Figure 3. P- Anisidine values of oil samples enriched
with antioxidants from rosemary oil, used in 10 days
frying process
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It was observed the fact that the frying process
increased the extinction values at 232 nm and
270 nm, which indicates the formation of
compounds such as conjugated dienes and
trienes following the removal of double bonds
during frying (Figure 4). These findings are
consistent with results obtained by Al Kahtani
in 1991. Most of frying oils that have a high
percentage of polar compounds have a high
content of diene and triene. Although these
compounds may form polymers, there is a
balance between the rate of conjugated diene
formation and the rate at which these
compounds form polymers during the frying
process (Yoon et al., 1987).
In conclusion these two antioxidant extracts
and different concentrations, both INOLENS 4
and SyneROX HT did not affect the
development of both 232 nm and 270 nm
extinction over a period of 10 days of the
experiment, 68 h hours of heating treatment at
a temperature of 1800C ± 10C, except for the
first two days in which the samples P1 and P2
have had lower extinction, the following days
the differences were not significant.
Figure 5 shows the increase in percentage of
total polar compounds (TPC) of the samples
containing oils enriched with antioxidants in
rosemary extracts that have been used in
continuous frying processes. Of all the physical
and chemical analysis, the content of TPC is
one of the most objective and valid criteria for
the evaluation of the deterioration of oils and
fats used for frying processes. However, the
standard method for the measurement of TPC
by column chromatography on silica gel may
be correct, but it is time-consuming and
relatively expensive.

1 2 3 4 5 6 7 8 9 10

Figure 2. Free acidity and oleic acid percentage values of
oil samples enriched with antioxidants from rosemary
oil, used in 10 days frying process

It can be concluded that an amount of 500 ppm
antioxidant INOLENS 4 is more efficient than
1000 ppm antioxidant HT SyneROX in the
accumulation of free fatty acids during the 10
days of the experiment, representing 68 h hours
of heat treatment at a temperature of 1800C ±
10C. The value of p - anisidine is a measure of
the presence of certain oxidation by-products
(primarily aldehydes) and has a good ability to
discriminate between samples with different
degrees of oxidation.
The results of the experiment reveals the fact
that P3 sample with 1000 ppm antioxidant
SyneROX HT had the smalest p-anisidine
values throughout the experiment with a value
of 16.61 at the end of first experimantal day
and 43.38 in day 10, therefore p anisidine value
in P3 incresed 2.83 times compared to day one.
Higher values recorded P2 sample, which
contained sunflower oil with added antioxidant
INOLENS 1000 ppm as rosemary extract, at
the end of the 10th day of the experiment
(Figure 3).
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Although TPC content was the highest in the
tenth day, these oils were acceptable after 68 h
of the heat treatment conditions of experiment,
given that many countries have established a
maximum acceptable level for 25-27% TPC
content.
After using Oxifrit kit for total oxidized
compounds the results showed that all the
samples were marked "good" (first colour - 1)
on the scale of 4 colors of the kit even in the 9th
day of the experiment; changes occurred on
day 10 of the experiment the sample P3,
sample containing sunflower oil with 1000 ppm
antioxidant SyneROX HT which recorded a
value of 2 (blue-green) meaning the oil is still
good.
The results obtained from the use of the
colorimetric test kit FRITEST, which is
sensitive to carbonyl compounds, where the
analysis consist of comparing the reacted
sample mixture to a scale consisting of a choice
of three colors from yellow to orange, showed
that after 10 days of experiment or 68 hours of
frying, the samples had a value of 2. A value of
2 or higher obtained from Fritest indicates that
the oil should be replaced. An exception was
exhibited by P1, sample containing sunflower
oil with added antioxidant INOLENS 4, 500
ppm as rosemary extract, who recorded a value
of 1, the color remains almost unchanged after
ten days of experiment.
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Figure 4. K232 and K270 values of oil samples enriched
with antioxidants from rosemary oil, used in 10 days
frying process

During the frying process, the oil decomposes
into peroxides, acids and other radicals that are
formed in the frying oil. This induced
polarization of oil molecules. TPC increased in
oils during frying experiment being correlated
with frying time. Once frying time has
progressed, it was observed that the growth rate
in TPC was relatively lower in sunflower oil
samples enriched 1000 ppm SyneROX HT and
INOLENES 4 samples P3 and P2 respectively.
After the first day of frying to 1800C the TPC
content of the control samples was 6.75%, TPC
of P1 was 6%, 6.5% of P2 and 5.5% of P3. At
the end of ten days, the TPC increased to 17%
in M, 16% in P1, 15% in P2 and 15.25% in P3.

Both the refractive index and the percentage of
solids in the oil samples taken during the frying
experiment increased, the differences between
the three samples of the oil enriched with
antioxidant extract and the control oil sample
were not significant. An amount of 500 ppm
antioxidant INOLENS 4 is more effective than
the 1000 ppm antioxidant SyneROX HT in the
accumulation of free fatty acids during the 10
days of the experiment (representing 68 h hours
of heat treatment at a temperature of 1800C ±
10C). The amount of p-anisidine in P3 sample,
1000 ppm antioxidant SyneROX had the lowest
values throughout the 10 days of frying.
TPC of oils used in frying increased during the
experiment being correlated with frying time;
there was relatively slower growth rate of TPC

Total polar compounds

Polar compounds %
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CONCLUSIONS

15.00
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0.00

C
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Figure 5. TPC values of oil samples enriched with
antioxidants from rosemary oil, used in 10 days frying
process (C refers to TPC value of fresh oil)
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in sunflower oil samples enriched with 1000
ppm SyneROX HT and INOLENES 4 in
samples P3 and P2. Although TPC content was
highest in the tenth day, these oils were
acceptable after 68 h of heat treatment, under
the conditions of the experiment, given that
many countries have established a maximum
acceptable level for 25-27% of TPC content.
In conclusion, the value of p - anisidine, UV
analysis of the lipid and the percentage of total
polar compounds may be used as a
complementary method to determination of
free acidity level, to control the quality of
vegetable oil during continuous frying
processes. In addition, the combination of acid
index value and some of these parameters
provides additional information regarding the
quality of oil that can be used to determine
more accurate and efficient quality control
methods for fried products.
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Abstract
Electrochemotherapy (ECT) is a recent anticancer treatment used for solid tumours in which square wave electric
pulses are combined with a chemotherapeutic drug administered either intravenously or intratumourally. The drugs
most frequently used in veterinary medicine are bleomycin and cisplatin. Due to the advanced cancer stage in which
companion animals are usually diagnosed, treatment with surgery alone is either inefficient or not accepted by the
owner, either due to loss of function or cosmetic effect. This is where multimodal therapies come in, by combining
surgery with chemotherapy, radiation therapy and other therapies. Unfortunately, these are currently not available in
our country or are cost-prohibitive. The only major disadvantage of ECT is the need for general anesthesia, especially
when the treatment has to be repeated. This paper reviews 13 articles on ECT in small animal medicine so far in order
to establish the method’s current indications, limitations and success rates for different types of cancer.
Electrochemotherapy has numerous advantages: it is a simple method, with almost insignificant side effects (muscle
contractions during the application of electric pulses and in some cases local edema or necrosis after therapy), it can be
applied as single therapy or adjuvant to surgery and can be used for inoperable tumours, it can be repeated several times
without being less effective and, last but not least, it is an affordable method. In conclusion, ECT is a welcome addition in
the fight against cancer in animals as the incidence of diagnosed malignancy in veterinary medicine is ever rising.
Key words: electrochemotherapy, small animal, veterinary oncology, bleomycin, cisplatin.

INTRODUCTION
Electrochemotherapy (Figure 1) combines
chemotherapy and electroporation in order to
increase the number of chemotherapeutic drug
molecules that penetrate the cell and thus
greatly improve the efficiency of the treatment.
The term electroporation was coined in the
1980s, but the phenomena was observed as
early as 1754 (Rubinsky, 2007). The first
experiments on cell membranes using
electroporation began in the 1970s (Lee et al.,
2011) and as the first pulse electroporators
became available, more and more researchers
began to study the method worldwide.
The different amplitude over voltage ratios of
the electric field applied to a cell can
permeabilize the cell reversibly (the cell
membrane returns to its initial state) or
irreversibly (irreversible electroporation, which
leads to cell death) (Rubinsky, 2010).
Reversible electroporation is used in medicine
to facilitate the access of molecules that cannot
naturally enter the cell or do so in very small

numbers, such as: drugs, genes and chemotherapeutic agents. Irreversible electroporation is
being investigated as a means for non-thermal
tumour ablation (Jourabchi et al., 2010).
The first clinical trial on electrochemotherapy
applied to spontaneous tumours in veterinary

Figure 1. Protocol of electrochemotherapy of tumors
presented schematically. The drug is injected either IV or
intratumorally at doses that do not exert an antitumor effect.
After an interval that allows sufficient drug accumulation in
the tumors, electric pulses are applied to the tumor by plate,
contact, or needle electrodes (Cemazar, 2008)
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medicine took place in 1997 (Mir et al., 1997)
and since then more than 50 articles have been
published. Veterinary experience confirms that
the increased uptake of chemotherapeutic drugs
leads to neoplastic cell death, which prolongs
the patients’ lifespan and quality of life through
local control of the tumour (Spugnini et al.,
2007). The drugs whose cytotoxicity and
efficacy increase though electroporation are
those that are either nonpermeant (bleomycin)
or low-permeant (cisplatin) (Lee et al., 2011).

'electrochemotherapy' and 'electroporation' and
selected 13 articles which discuss the application
of electrochemotherapy in veterinary patients for
different types of superficial solid tumours. We
excluded case reports from our review.
The different authors used electroporation in
combination with either Cisplatin or Bleomycin
in one or more applications using different
pulse generators to apply 8 biphasic pulses
lasting 50 + 50 μs each or 8 monophasic
electric pulses of 100 μs each at a voltage of
1300 V/cm and a pulse frequency of 1 Hz.
They recruited patients with normal blood
biochemistry values and complete blood counts
and applied ECT under general anesthesia.
Tozon et al. (2016) defined operating procedures for safely applying ECT in treating
cutaneous or subcutaneous tumours in dogs and
cats using either cisplatin or bleomycin.
Most researchers describe the response to
treatment they observe according to the WHO
Handbook for Reporting Results of Cancer
Treatment, the revised RECIST guidelines (ver.
1.1) or the criteria for solid tumours in dogs
devised by the Veterinary Comparative
Oncology Group. These guidelines similarly
classify response into complete response,
partial response, no change or stable disease
and progressive disease. The WHO classifies
measurable disease response into:
 Complete response (CR): The disappearance
of all known disease, determined by two
observations not less than 4 weeks apart.
 Partial response (PR): 50% or more decrease
in total tumour size of the lesions which have
been measured to determine the effect of the therapy by two observations not less than 4 weeks
apart. In addition there can be no appearance of
new lesions or progression of any lesion.
 No change (NC): a 50% or more decrease in
total tumour size cannot be established nor has
a 25% increase in the size of one or more
measurable lesions been demonstrated.
 Progressive disease (PD): a 25% or more
increase in the size of one ore more measurable
lesions, or the appearance of new lesions.

Figure 2. Basic concept of electrochemotherapy: a) after
injection drug surrounds the cells; b) formation of pores
after pulse delivery, drug enters the cells; c) membrane
resealing, drug entrapped inside the cells; d) drug kills
the cells (Miklavcic et al., 2012)

Electrochemotherapy not only has a cytotoxic
effect on the tumour (Figure 2), but it also
induces a ‘vascular lock’ effect, where blood
stops flowing though the tissue which has been
electroporated, for less than two minutes in
normal tissues but longer in neoplastic tissue
(Lee, Gehl and Kee, 2011; Sersa et al., 2006).
In immunocompetent animals, there is a strong
immune response determined by the massive
antigen release from the dying tumour cells
(Jaroszeski et al., 2000) which has been shown
to be essential in obtaining a cure and not just
local control of the tumour (Mir et al., 1991).
The aim of this study was to look at the
different electrochemotherapy response rates
obtained when applied to different tumour
histotypes, taking into consideration the tumour
grade and size, location, type of procedure,
number of applications, previous treatments.
We wanted to compare different clinical
experiences and highlight authors’ observations
in order to create an introduction to ECT for a
clinician who would like to start using the
method for his patients.

RESULTS AND DISCUSSIONS

MATERIALS AND METHODS

Canine studies
Tozon et al. (2005) applied ECT using cisplatin
as the drug of choice to 12 male dogs with a

We searched scientific databases for relevant
articles identified by the keywords 'veterinary',
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in the case of hemangiosarcoma, where all 3
tumours treated recurred and/or metastasised.
Despite not being statistically significant, the
authors also noticed that tumours located on the
trunk were more likely to recurr and/or
metastasise as compared to those on the limbs.
Kodre et al. (2009) compared surgery (25 dogs)
to ECT (9 dogs) for the treatment of canine
mast cell tumours. In 7 patients with 9 tumours,
a 100% CR was obtained, whereas the other 2
had very large tumours (>8 cm) which did not
respond to therapy and were euthanised at the
owners’ request (75% CR for the 9/12 tumors
treated with ECT). What the authors observed
was that the duration of local tumour control
was longer in the ECT group versus the surgery
group (median duration of response 31.5
months, while for ECT it was not yet reached at
the time of writing). The advantage over
surgery, considering the similar results, is that
ECT is well tolerated by the dog and minimally
invasive. The authors used tissue blanching as a
good indicator of tumour infiltration with
cisplatin and a concentrical approach when
applying the electric pulses. This ensured a
reduced blood flow to the tumour (due to the
vascular lock effect) which maintained the drug
inside the tumour and prevented any bioactive
molecules from being released from the
cytoplasmic granules from reaching the
systemic circulation.
Spugnini et al. (2006) also looked at ECT as an
adjuvant treatment for incompletely resected
mast cell tumors. Their study found that local
control was not influenced by site, T stage,
prior surgery and duration of symptoms prior to
therapy. They also observed that the rate and
duration of the response to adjuvant ECT is
similar to that of radiation therapy, but it is
more accessible, has no major side effects and
might be better suited to tumors situated in
highly functional areas (eg. limbs, head).
Spugnini et al. (2008) applied ECT to refractory canine transmissible venereal tumours,
previously treated with vincristine with or
without doxorubicin. Even though the authors
only treated three such cases, all three responded to two ECT sessions with bleomycin, one
week apart. The complete response lasted 2848 months, stopped genital bleeding and
improved urinary function, thus improving the
animals’ quality of life.

total of 26 perianal adenomas and adenocarcinomas (in the absence of histological confirmation) whose owners did not want to pursue
standard treatment. Bleomycin was used when
tumour nodules did not respond or regrew after
4 weeks or when the tumours were ulcerative
and had a tendency to bleed after ECT with
cisplatin. The authors noted no major local or
general side-effects or toxicity and the
treatments had no effect on complete blood
counts or biochemical analysis. They divided
the tumours according to volume (less or more
than 1 cm3) and noticed that ECT was more
effective on smaller lesions, most of which
obtained CR in one session. In comparison,
large tumours needed a high number of
applications in one session in order to cover the
entire volume and most of them required
additional sessions. The authors’ conclusion
was that ECT is safe and effective in treating
perianal tumours in dogs.
Tozon et al. delivered another study on perianal
tumours in 2010, this time describing their
results with ECT on 21 male dogs: 5 with 26
perianal adenocarcinomas and 16 with 40
benign tumours using either plate electrodes or
needle electrodes depending on tumour size.
Their study confirmed their previous finding,
that treatment response is significantly
influenced by tumour size. An interesting
observation was that the objective response did
not greatly differ between malignant and
benign tumours, between castrated or noncastrated dogs or between chemotherapeutic
drugs used.
Spugnini et al. (2007) used adjuvant electrochemotherapy on incompletely excised canine soft
tissue sarcomas. Of the 22 dogs treated, 11
were still in remission at the time of writing, 2
had died of unrelated causes and one due to
hemangiosarcoma in a different location and 8
experienced local recurrence (the owner
declined further treatment for one, 4 were
euthanised due to distant metastases, one
suffered a limb amputation and 2 were retreated
sucessfully with surgery and ECT). The authors
treated the tumours in two sessions one week
apart with local injection of Bleomycin of both
the tumour bed and adjacent margins (1 cm of
normal tissue). The authors observed a
significant difference in the duration of
remission between tumour types, most evident
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Feline ECT studies
Spugnini et al. (2007) compared intraoperative
ECT, postoperative ECT and surgery (control)
applied to different feline soft tissue sarcomas.
The cats were distributed to one of three groups
randomly by an independent service. The
tumours treated were grade T2-T4, and none of
the cats had lymph node involvement or distant
metastasis. The intraoperative group also
received multiple injections of hyaluronidase
before ECT in order to improve distribution of
bleomycin in the tumour bed and margins.
Intraoperative ECT was administered after
tumour removal and before suturing, while
postoperative ECT was administered one week
after surgery. Both were repeated a week later.
The control group treated with surgery alone
experienced local relapse in 2-12 months. The
intraoperative group had a 63% recurrence at
different times. Three of the recurrences were
retreated with surgery and ECT and gained 614 months without disease. The postoperative
group had a 46% tumour recurrence and in this
group a lack of previous treatment was
associated with a better response (median time
to relapse 33 versus 5 months). In both types of
ECT, tumour size negatively influenced the
duration of remission. Seven relapsing tumours
were treated again: two cats developed another
histological type of tumour, while the rest were
still tumour-free at the time of writing. The
authors observed that their success rate could
be partly attributed to the fact that ECT was
applied on a small number of residual tumor
cells remaining after surgery (confirming that
tumor volume has a significant prognostic
value) and to the fact that none of the cats had
undergone radiation therapy. In the authors’
opinion, the surgical removal of tumors prior to
ECT significantly improves treatment outcome
due to removal of tumour connective tissue,
which impedes bleomycin distribution and
pulse delivery. This is also the rationale behind
using hyaluronidase prior to ECT. The authors
also found that the patients they treated had
fewer pulmonary metastases, which could be
explained through the involvement of the
immune system or the early intervention with
adjuvant ECT which prevents metastasis. The
authors observed that there is a possibility that
ECT might determine a later recurrence of a
less agressive type of tumor (two of the

retreated recurrences had a subsequent milder
histotype).
A similar study on adjuvant ECT using
cisplatin after surgical removal of fibrosarcoma
in cats was accomplished by Spugnini’s team
(Spugnini et al., 2011) on 64 cats. The authors
prefer using adjuvant ECT to overcome the
poor distribution of chemotherapeutic drugs
inside tumour tissues as well as to be able to
use highly toxic substances whose are rarely
used in practice or cannot be used in some
species (intravenous cisplatin, for instance,
determines fatal pulmonary edema in cats, but
used locally before ECT none of the 64 cats
had any respiratory side effects).
Tozon et al. (2014) applied ECT using intravenous bleomycin to 16 squamous cell carcinomas in 11 cats. The authors used a high
repetition frequency (5 kHz) which produced a
single muscle contraction for each 8 electric
pulses. The authors observed no toxicity due to
the administration of intravenous bleomycin or
any changes in hematological and biochemical
parameters. They concluded that it is a safe and
effective method for feline SCC, with a much
better response of tumours in initial stages,
independent of location, than for more invasive
lesions (stages T3-4). The advantage of ECT
over surgery is evident in the case of noninvasive nasal SCCs, where the radical surgery
required would be an invasive and mutilating
procedure that owners do not usually approve
of, while ECT preserves the anatomy, function
and cosmetic aspect.
Spugnini et al. (2015) compared intravenous
bleomycin to intravenously bleomycin and
electroporation in 21 cats with periocular carcinoma (9 cats treated with bleomycin and 12
with ECT) and 26 cats with advanced SCC of
the head (12 with bleomycin only and 14 ECT).
The authors note that none of the cats were
previously treated. ECT use in the head and
especially periocular region is limited both in
human and veterinary medicine due to possible
ocular side effects. The cats with periocular
tumours treated with ECT showed no sign of
damage to the retina, uvea or cornea, but three
of the cats later presented epiphora, which
made authors suspect lacrimal duct sclerosis. In
cats treated with ECT for SCC of the head,
4/14 had small electrode-induced burns that
healed in 2-3 weeks and 2/14 had local
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removed surgically either during intraoperative ECT or prior to adjuvant ECT). The
author applied a higher frequency (5 kHz) to
larger lesions which could not be covered with
electric pulses at 1 Hz within 20 minutes and
observed a higher local toxicity in this group.
The author observed recurrences in 56 cases
out of 169, no success for osteosarcomas,
chondrosarcomas and giant cell tumours (5
cases in all). The author concluded that ECT
'allows effective treatment for tumours where
adequate surgery would lead to unacceptable
functional or cosmetic effect'.
In Table 1 we summarise the different response
rates obtained by using ECT for canine and
feline solid superficial tumours, either as single
treatment or adjuvant to surgery, either intraoperatively or postoperatively at a later date.
Some of the authors used control groups treated
with bleomycin or surgery alone in accordance
with current veterinary standards, and compared the results to ECT.

inflammation of deep connective tissue which
induced compulsive scratching (managed with
a daily dose of meloxicam for 7 days). In
comparison, there was no local effect due to iv
bleomycin in either control group. Authors also
recorded a mild neutropenia on day 7 in 2 cats
in the ECT group. In the ECT cohort, 3 displayed progressive disease and were euthanised, while 4 died of metastasis to the lung
after 4-7 months. In comparison, all cats treated
with bleomycin only died as a result of disease
progression in 0-16 months.
Canine and feline studies
Six cases (4 cats, 2 dogs) of localised
lymphoma in various locations were treated
with ECT (Spugnini et al., 2007). At one week,
all animals had CR, that lasted 6 months to 2
years for the cats and 20 days for one dog (until
it died in a car accident) or over 2 years (until it
died due to heart disease).
Maglietti et al. (2016) used both intravenous
and intratumoral bleomycin with electroporation in 9 cases which they did not expect to
respond favourably to ECT with one or the
other (large tumours, schwanomas and tumours
which had responded poorly to previous ECT
sessions). Three patients that had previously
obtained a PR and one SD responded to ECT
with intravenously and it bleomycin with a CR.
The authors hypothesise that previous failure is
due to the uneven distribution of bleomycin
intratumorally, either due to tumor vasculature
or the inhomogenous application of multiple
injections.
Lowe (2016) reviewed 176 cases treated with
ECT in his practice during 2004-2014 for a
variety of tumours which would have been very
difficult to treat with surgery or surgery would
have determined a cosmetic or functional
compromise. ECT was applied as sole treatment, intraoperative ECT or as adjuvant ECT
2-4 weeks after surgery. ECT was not offered
to patients with tumours amenable to surgery.
The author observed that several patients
avoided limb amputation due to treatment with
ECT, when tumours were not very large or
infiltrative. Of the 176 patients treated, 7 did
not respond (<50% reduction in tumour or
continued growth), while all others responded
either with a CR (complete disappearance of
tumour), or a SR (all measurable tumour was

CONCLUSIONS
The authors of the studies included in this
review confirm the scientific literature in
saying that electrochemotherapy is a safe and
effective treatment for tumors of different
histotypes
Electrochemotherapy, as a form of local
chemotherapy, has the advantage of a lack of
systemic toxicity, as demonstrated by studies in
veterinary and human medicine.
ECT in veterinary has mostly been applied to
cases where standard treatment had failed or
the recommended treatment would determine
an unacceptable lack of function or have a
mutilating effect. There are authors that support
the use of ECT in treating tumors with a known
good response, such as perianal tumors.
Owners made an informed decision to accept
ECT after been informed of all possible courses
of action.
Tumour size is an important prognostic factor
for the success rate of ECT and most authors
agree that for large tumours, adjuvant ECT,
either immediately after surgical ablation or
after surgical scar healing, is the best approach.
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Tabel 1. Tumour response rates in different studies
Nr.

Species
and
number of
animals
DOG
12

Nr.
lesi
ons

Type of tumour
and location

26

adenoma,
adenocarcinoma,
perianal

C/B
it

2

DOG
21

66

26 M, 40 Be;
perianal

C/B
it

3

DOG
22

22

B
adj.

4

DOG
9
DOG
28
DOG
3
CAT
58

12

8

CAT
64

64

soft-tissue
sarcoma,
various
mast cell tumours,
various
mast cell tumours,
various
TVT,
genital
soft-tissue
sarcoma,
various
fibrosarcoma,
various

9

CAT
11
CAT
26

16

sq. cell carcinoma,
nasal / pinnae
carcinoma,
periocular or head

B iv

11

DOG 2,
CAT 4

6

B it

12

DOG 7,
CAT 2
DOG 140,
CAT 36

9

localized
lymphoma
various
various,
various
various,
various

1

5
6
7

10

13

28
3
58

26

17
6

Drug
and
route

C it
B
adj.
B it

Tumour response rates

82% OR (CR 41%, PR 41%), 16% NC, 2% PD
at 4 weeks after 1st therapy. At the end of the
observation period for each tumour, ranging
from 1 to 34 months, 92% OR (CR=65%,
PR=27%), 8% NC and no PD were obtained.
92.7% OR (CR 81.8%, PR 10.9%), 7.3% NC at
4 weeks after 1st therapy. At the end of the
observation period, 93.9% OR (CR 87.8%, PR
6.1%), NC 6.1%
95% OR response rate, with a mean time to
recurrence of 730 days.
75% CR, 17% NC, 8% PD, compared to
surgery: 50% CR, 50% PD
85% in remission (CR)
100% CR

B it/
adj.

Intraoperative: 63% recurrence, postoperative:
46% recurrence, compared to 100% for surgery

C it

Postoperative ECT: 29.7% recurrence compared
to 92% in control (surgery only), at a mean time
of 666 days versus 180 for surgery alone
CR 87.5% (14/16) of nodules, lasting 2 months
to >3 years; 2/16 (12.5%) had PD
CR 81%, PR 7.5%, 11.5% PD, at two weeks
after treatment, compared to control (bleomycin
only) CR 19%, 14% PR, 29% SD, 38% PD
Local CR 100% at one week, lasting 20 (HBC) 760 days

B iv

B
iv+it
B iv

CR 55%, PR 33%, 11% PD
33% recurrence (56/169), 3.9% NR

Reference

Tozon et
al., 2005

Tozon et
al., 2010
Spugnini et
al., 2007
Kodre et
al., 2009
Spugnini et
al., 2006
Spugnini et
al., 2008
Spugnini et
al., 2007
Spugnini et
al., 2011
Tozon et
al., 2014
Spugnini et
al., 2015
Spugnini et
al., 2007
Maglietti et
al., 2016
Lowe,
2016

Abbreviations: ECT electrochemotherapy, D dog, C cat, M malignant, Be benign, B bleomycin, C cisplatin, adj.adjuvant, it
intratumoural, iv intravenous, HBC hit by a car, OR objective response, CR complete response, PR partial response, NR no response,
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While ideally surgeons should perform tumour
ablation according to the standards set for each
histotype and presentation, in practice this is
difficult due to the functional and cosmetic
effect of ensuring histologically confirmed
clear borders and depth. Some authors thus
recommend intraoperative ECT when they
cannot ensure obtaining tumour-free margins
and at least one other session 1-4 weeks later.
ECT can also be used in tumours of unkown
histotype when the owner declines further
investigations, with or without surgery.

ECT can be used with bleomycin
intratumorally or intravenously and cisplatin
intratumorally. Most authors prefer the
intratumoural route due to the absence of
general side-effects, as it requires a much lower
dose to be effective. In practice, for nonresponding tumours, authors replaced cisplatin
with bleomycin or used bleomycin both
intratumorally
and
intratumorally,
and
improved the clinical outcome.
An advantage of ECT in veterinary medicine is
also related to cost. The late diagnosis of cancer
in veterinary medicine means that the
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veterinarian has to treat high-grade tumours,
which require a multimodal approach that most
owners cannot afford or cannot access
(unavailabilty, distance, time etc.). ECT is costeffective as it uses much lower doses of
cytotoxic drugs and does not require expensive
equiment or special facilities and staff (as is the
case for radiotherapy, for instance). On the
other hand, staff does have to be trained in the
use of chemotherapeutic drugs and the safety
measures this entails.
ECT is a quick method which can be reapplied
multiple times if necessary, with low toxicity
and a minimal effect on surrounding healthy
tissue. It has been shown to improve and not
decrease the animals’ quality of life, as
compared to agressive surgery, chemotherapy
or radiotherapy in treating primary tumors or
superficial metastases. The only major
disadvantage is the need for general anesthesia.
Several ongoing studies are currently trying to
optimise electrodes that can be applied to deep
tumours either surgically or endoscopically
(Impelizzeri et al., 2016)
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Abstract
The production of green beans increased by 6.5 times from 3,106 tons in 1991 to 20,199 tons in 2015 in Burdur. In this
study, it was aimed to reveal the use of inputs and problems of farmers who produce green beans in Burdur province.
The study was carried out in the central district of the province of Burdur, where the production of green beans was the
most intensive. Stratified sampling method was applied and the number of samples according to this method was
determined as 112 farmers. Data were obtained by the face-to-face survey method. Sales quantities of farmers in the
region varied depending on the cultivation area and yield of green bean. It was found that the use of unit labour in the
unit area was 251.72 MLU hours in the production of green beans. Machine power usage was calculated as 2.18 hours
per decares. The amount of seed used was 8.20 kilograms. The most important criterion in the preference of green bean
cultivation was the high possibility of irrigation and productivity in the region. Sale of green beans starts at the end of
July and lasts until the 15th of September. The prices of green beans were largely determined by the companies.
Farmers sell their products wholesaler-trader. It can be said that the cultivation of green bean cultivation will continue
through the factors such as the suitability of climate conditions, irrigation opportunities in the region, high yields and
inadequate supply. However, the presence of a single collection center for the sale of products in the region is
perceived as a threat. It can be stated that the producer's activity in the market may be more prominent with the
establishment of the producer association and the development of organizational awareness in green bean growers in
the region.
Key words: green bean, input, labour, problems, Burdur, Turkey.

INTRODUCTION

produced in Turkey from 50,122 hectares.
Parlak and Gül (2016) pointed out the changes
in the green and dry bean market in the world
and in Turkey. Parlak and Gül (2016) reported
that the world green bean production rose 5
times with both in terms of green bean yield
and planting area expansion, Turkey ranks sixth
in the world's green beans production and sixth
in yields.
In 1992, 535,950 decares of green bean
cultivation area in Turkey decreased by 6% and
it was realized as 501,218 numbered. In 1991,
436,000 tons of green bean production
increased by 47% to 640,836 tons (Table 1). So
while the fresh bean fields remained stable,
production growth continued to increase due to
increased yields.
Turkey's share in green bean harvested area is
the highest in Samsun with a rate of 15.7%.
Turkey has the highest share in fresh bean
production with a rate of 18.52% in Samsun
province. Samsun is followed by Tokat with
54,783 tons, Bursa with 53,890 tons, Antalya

Bean (Phaseolus vulgaris L.) is an important
cultivar of the Leguminosae family, which has
a very high nutritional value and is abundantly
consumed throughout the world. Beans can be
evaluated in various forms such as fresh
vegetables, dried grains and canned foods
(Bozoğlu, 1995). The bean plant, which
originated in Central America, came to
Anatolia 250 years ago and found a very wide
spreading area (Şehirali, 1988).
In the world 1,543,335 hectares of area and
21,365,119 tons of fresh bean production was
realized in 2013. According to the figures for
2013, the most important producer of green
beans in the world is China with a share of
78%. Other important countries in the
production of this product are Indonesia,
Turkey, India, Thailand, Egypt, Spain and Italy
(FAOSTAT, 2017). Turkey meets 3% of the
world's bean production. According to the data
of 2015, 640,836 tons of green beans were
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with 50,582 tons, Izmir with 42,586 tons, Mersin
with 31,771 tons and Burdur with 20,199 tons.
When considering the change of fresh bean
cultivation area compared to 2000 in provinces,
the highest increase was in Burdur (1.86 times),
İzmir (1.62 times) and Samsun (1.42 times)
respectively.

onwards. Burdur province received 0.71% of
the green beans produced in Turkey in 1991
and this ratio increased to 3.15% in 2015.
Table 2. Development of green bean cultivation area and
production in Burdur

ProductiHarvest Harvest area
Production on share
Producti
Year
area
index
index
in
on (ton)
(decare) (1992 = 100)
(1991=100) Turkey
(%)
1991
3,106
100
0.71
1992
5,780
100
3,742
120
0.83
1993
5,820
101
4,100
132
0.93
1994
5,080
88
4,395
142
1.01
1995
5,230
90
4,275
138
0.93
1996
4,680
81
4,577
147
1.01
1997
5,000
87
4,315
139
0.96
1998
5,560
96
4,834
156
1.06
1999
4,850
84
4,574
147
0.97
2000
5,740
99
4,732
152
0.92
2001
5,280
91
5,158
166
1.05
2002
4,980
86
4,605
148
0.89
2003
5,450
94
5,360
173
0.98
2004
5,030
87
5,686
183
0.98
2005
4,940
85
7,966
256
1.44
2006
5,012
87
9,266
298
1.64
2007
4,706
81
4,907
158
0.94
2008
8,939
155
11,489
370
2.04
2009
10,344
179
17,313
557
2.87
2010
10,609
184
19,276
621
3.28
2011
11,855
205
21,213
683
3.45
2012
11,713
203
21,068
678
3.39
2013
11,968
207
21,708
699
3.43
2014
11,114
192
20,208
651
3.17
2015
10,699
185
20,199
650
3.15
Source: TUİK, 2017

Table 1. Development of green bean cultivation area and
production in Turkey

Harvest
area
(decare)
1991
1992
535,950
1993
522,690
1994
540,420
1995
556,720
1996
548,570
1997
537,520
1998
546,100
1999
558,990
2000
584,170
2001
571,870
2002
570,980
2003
575,670
2004
562,710
2005
560,500
2006
537,824
2007
519,813
2008
530,200
2009
535,172
2010
531,340
2011
528,931
2012
528,506
2013
506,619
2014
501,767
2015
501,218
Source: TUİK, 2017
Year

Production
Harvest area
Production
index
index
(ton)
(1991 = 100)
(1992 = 100)
436,000
100
100
450,000
103
98
440,000
101
101
435,000
100
104
460,000
106
102
455,000
104
100
450,000
103
102
455,000
104
104
471,000
108
109
514,000
118
107
490,000
112
107
515,000
118
107
545,000
125
105
582,000
133
105
555,000
127
100
563,763
129
97
519,968
119
99
563,056
129
100
603,653
138
99
587,967
135
99
614,948
141
99
621,036
142
95
632,301
145
94
638,469
146
94
640.836
147

When the harvest area of green beans was
examined in the Burdur, the highest increase
was realized in the Central district with an
increase of 9.83 times. According to the year
2000, the production of green beans in Burdur
was also realized in the Central district with a
maximum of 54 times. The share of central
province in Burdur production is 80.20% and it
is in the first place.
Green beans in Turkey constitute 5.2% of
vegetable production value and 1.4% of total
plant production value with 1.3 billion TL
production value in 2014. Turkey appears to be
self-sufficient in the production of green beans.
However, improvements in politics are
important at the point of development of
production.
As the research area, Burdur province was
selected as the highest increase in harvest area
and in production of green bean in Turkey

When the change in the production of green
beans is compared with the year 2000, with a
maximum increase of 4.27 times in the
province of Burdur. Burdur was followed by
Adana with 3.76 times increase, Bursa with
2.22 times increase and İzmir with 2.16 times
increase and Tokat with 2.11 times increase.
The development of green bean harvest area
and production in Burdur province is given in
Table 2. When the harvest area of green beans
in Burdur province is examined by years; the
area of fresh bean harvest, which was 5,780
decares in 1992, increased by 85% in 2015 and
reached 10,699.
Production increased by 6.5 times compared to
3,106 tons in 1991 and increased to 20,199 tons
in 2015. The share of Burdur in Turkish
production has increased in general from 1991
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education level, experience, cooperative
membership, agriculture and non-agricultural
income, (ii) population and family labour force,
(iii) non-family labour force status, (iv) landsaving structure, (v) green bean marketing, (vi)
support from the state of green bean producers,
(vii) information on the amount of credit and
credit utilization, and (viii) problems with green
bean growing.
Evaluation of data
The data collected from the identified farmers
were transferred to the computer, calculations
were made and tables were created and these
tables were interpreted using absolute and
relative distributions.

between 1991 and 2015. In Burdur, the
production of green beans increased by 6.5
times from 1991 to 31,099 tons, reaching
20,199 tons in 2015. The aims of this study at
this point were: (i) to examine the input use of
green bean producing farms in Burdur, (ii)
marketing activities, (iii) identifying problems
and suggesting solutions.
Studies on the technical aspects of green bean
production in Turkey have been made. The
number of studies examining the production of
green beans economically is limited. For this
reason, the findings that would be obtained are
thought to be useful to the farmers, researchers
and related institutions working on the subject.
MATERIALS AND METHODS
Material
The main material of this study was obtained
from the farmers who grown green beans in
Burdur province. Secondary data related to the
study were obtained from FAO, TUIK,
Provincial and District Food, Agriculture and
Livestock Departments. The data used in the
research belonged to the production period of
2016.
Methods
Sampling Method
Sample volume was calculated as 112 farmers
using Neyman stratified sampling method with
considering 95% confidence interval and 5%
error margin. Farmers in the production of
green beans were divided into four groups
according to their frequency distribution (first
layer was 1.00-3.99 decares of green bean
cultivation area, second layer was 4.00-7.99
decares green bean cultivation area, third layer
was 8.00-15.99 decares of green bean planting
area, layer 4 referred to 16.00 decares and
above the green bean planting area).
According to this; there was interviewed with
24 farmers from the first layer, 13 from the
second layer, 20 from the third and 55 farmers
from the fourth layer. Farmers were selected
randomly.
Method to use in obtaining data
The data needed for the analysis were obtained
by face-to-face surveys of green bean farmers
in Burdur. The questionnaire included the
following questions: (i) age of the farmer,

Figure 1. Research area

RESULTS AND DISCUSSIONS
As a result of the farmer-level survey, 21.4% of
the green bean producers interviewed were in
the first group, 11.6% in the second group,
17.9% in the third group and 49.1% in the
fourth group (Table 3).
Table 3. Distribution of green bean producers
interviewed

Farmer width groups
I (1.00-3.99 decares)
II (4.00-7.99 decares)
III (8.00-15.99 decares)
IV (16.00 decares and more)
Total

1 decares equal 0.1 hectares

Frequency (N)
24
13
20
55
112

Rate (%)
21.4
11.6
17.9
49.1
100.0

Socio-economic
indicators
of
farmers
producing green beans in the study area were
given in Table 4. The average age of farmers
producing green beans in the region was 42.57
years. Educational levels of farmers were 5.46
years. The education level of the first group
farmers was 5.13 years, the second group was
5.23 years, the third group was 5.30 years and
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The 66.07% of green bean growers were
borrowed. The highest indebtedness was in the
first and fourth group of farmers. Survey
ownership of social security was high. This
assurance was in 100% of the first, second,
third group farmers and 87.27% of the fourth
group farmers.

the fourth group was 5.71 years. Therefore, the
education level of the farmers was above the
elementary school level and it was close to the
average level of education in Turkey. The
household size of the green bean producers in
the region was 4.22 persons. This value is 3
persons for Burdur province (TUİK, 2017).
Therefore, the household size of green bean
producers was above the value of Burdur
province.
In the farmers' group interviewed, the fourth
group had the highest number of experiments in
plant production with 16.33 years. The first
group of farmers had been dealing with green
bean agriculture for about 14 years. The second
group farmers were dealing with green bean
production for about 10 years, the third group
farmers about 6 years, and the fourth group
farmers for about 13 years. The farmers
average more than 11 years of experience in
green bean growing. The 54.46% of the farmers
stated that they keep records about the
production of green beans. However, this
record was in an unregulated system.
Therefore, the record keeping in farmers was
low. As a consequence, farmers were less likely
to be able to follow developments related to
green bean production activities and to plan and
to see their net profits.
In the surveyed farmer groups, the fourth group
with 30.91% was the most engaged in nonagricultural work. This value was 17.86% in
farmers’ average.
Therefore, the agricultural activity in the
income of the interviewed farmers had a
significant share. It was important to produce
green beans so that they could continue their
lives.
When some of the ownership indicators of the
farmers are examined; Computer ownership
was found to be as low as 10.71%. As a matter
of fact, this rate was 22.9% in Turkey.
Internet ownership was also in the fourth group
of farmers with only 3.64%. In Turkey, the
internet access rate was 76.3% and the internet
access rate was 93.7% on an individual basis
(TUİK, 2017).
About 99.11% of the farmers in the area had
ownership of mobile phone, 55.36% of them
owned the car, and 63.39% owned the credit
card.

Table 4. Some socio-economic indicators in the
production of green beans
Features
Farmer age (years)
Farmers’ education
level (year)
Household size
(person)
Farmer's experience in
plant production
(years)
Farmer's experience in
green bean production
(years)
Farmer keeping
records of operation
(%)
Doing non-agricultural
business (%)
Ownership of
computers (%)
Internet ownership
rate (%)
Ownership of mobile
phones (%)
Ownership rate of cars
(%)
Credit card ownership
rate (%)
Debt rate (%)
With social security
(%)
Ratio of farmers
engaged in livestock
(%)
Own land (%)
Rented land (%)
Agricultural
membership (%)
Credit users (%)
A tendency to
continue to produce
green beans *
Knowledge of green
beans **
Satisfaction with
green bean production
**

I

45.54

Farm groups
II
III

IV

Average

57.23

37.75

39.56

42.57

5.13

5.23

5.30

5.71

5.46

3.75

3.85

3.50

4.78

4.22

15.21

12.23

11.10

16.33

14.68

13.67

9.69

6.35

12.09

11.13

45.83

76.92

25.00

70.91

58.04

4.17

0.00

10.00

30.91

17.86

0.00

7.69

5.00

18.18

10.71

0.00

0.00

0.00

3.64

1.79

100.00

100.00

95.00

100.00

99.11

95.83

15.38

25.00

58.18

55.36

54.17

92.31

90.00

50.91

63.39

100.00

23.08

25.00

76.36

66.07

100.00

100.00

100.00

87.27

93.75

0.00

7.69

90.00

25.45

29.46

100.00
0.00

100.00
0.00

85.71
14.29

62.90
37.10

68.72
31.28

70.83
4.17

69.23
7.69

55.00
15.00

67.27
7.27

66.07
8.04

4.54

4.54

4.70

4.29

4.45

3.79

3.23

3.20

4.25

3.85

3.00

4.23

3.50

3.31

3.38

*: 1 = Absolutely not thinking; 2 = Does not think; 3 = Undecided; 4 =
Thinking; 5 = Definitely thinking
**: 1 = Very low; 2 = Low; 3 = Medium; 4 = High; 5 = Very high

It was the third group with 90% of the farmer
groups engaged in livestock. These were
usually dairy cattle breeding. The first group of
farmers did not have livestock production
activity.
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2008). Therefore, the amount of seed used in
the research area was within the recommended
limits.
Table 5 also showed the cost of seedlings of
green bean producers. The farmers in the first
group had higher seed costs (357.08 TL per
decares). It was determined that the average
cost of seedlings was 326.30 TRL per decares.

The 68.72% of the total land of farmers
producing green beans was owned and 31.28%
was rented. The green bean area was increased
with the rental land ratio was increased.
When producers were investigating their
tendency to continue to produce green beans; it
was determined that the farmers thought to
continue. The tendency to continue was
stronger in the first, second and third group
farmers. Farmers' knowledge of green bean
production was also generally high. The level
of knowledge was higher in the fourth group of
farmers. The level of satisfaction with the
production of green beans was moderate. The
highest level of satisfaction with green bean
production was found in the second group of
farmers (Table 4).
The 4.17% of the first group farms, 7.69% of
the second group farms, 15.00% of the third
group farms and 7.27% of the fourth group
farms were using agricultural credit. In the
region average 8.04% of the farmers who
produce green beans used the loan. Therefore,
the use of credit in farms that produce green
beans was low (Table 4).
It was found that 66.07% of the farmers were
members of any agricultural organization.
These organizations were Agriculture Chamber,
Agricultural Credit Cooperative, Pankobirlik
and Breeding Cattle Breeders' Union (Table 4).
Soil processing in the production of green
beans takes place in April. About 47.32% of the
farmers carried out this process with their
equipment. Green bean planting usually takes
place in May (86.61%). The vast majority of
the farmers were renting machinery (76.79%)
during sowing. Drip irrigation method was used
as irrigation method. Irrigation was carried out
in May-August period. Animal manure was
used by 88.39% of farmers. Leaf fertilization
was done by 97.32% of the farmers.
In the production of green beans, the amount of
seeds used during the sowing was examined.
The first group used 8.86 kg per decares, 7.29
kg for the second group of farmers, and 7.90 kg
for the third group of farmers and 8.26 kg of
seeds were used in the fourth group. The
highest seed usage per decare was in the first
group (8.86 kg per decares) (Table 5). In green
bean growing, 7-10 kg of seeds are
recommended for use in sowing (MEGEP,

Table 5. Green bean seeds amount used of the farmers
Farmer width
groups

I
II
III
IV
Total/average

Seed amount (kg
per decares)
8.86
7.29
7.90
8.26
8.20

Seed cost (TRL per decares)

1 Euro equal 3.343611 TRL (Turkish Liras)

357.08
287.85
316.80
325.42
326.30

The 41.7% of the farms producing green beans
in the region used their machine power in
production. About 58.93% of the farmers
provided the machine power by renting for the
production of green beans. While 92.31% of the
second group of farmers used their own
machine power, 80% of the third group farmers
had used the machine power by renting
(Table 6).
Table 6. Machinery renting of the farmers

Farmer width
groups

I
II
III
IV
Total/average

Owned (%)

Rented (%)

25.00
92.31
20.00
43.64
41.07

75.00
7.69
80.00
56.36
58.93

It was found that the green bean growers at the
study site used and preferred their inputs
according to their own knowledge and
experience. The opinions of the dealers were
also "absolutely important" in green bean
farming. It was determined that farmers'
neighbours and relatives and the technical staff
in the Provincial Directorate of Agriculture
opinions on the input used was also partially
complied. Written sources were the least used
information source (Table 7).
Labour employed in the green bean production
was calculated in unit of male labour unit
(MLU: Male labour unit. Here, male aged 1549 was taken as =1, female aged 15-49 was
taken as =0.75, male aged >50 was taken
as=0.75, female aged>50 was taken as 0.50 and
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child aged 7-14 was taken as =0.50 male labour
unit) (Erkuş et al., 1995).
Labour force (MLU as hours) and machine
power used in the production of green beans
were shown in Table 8.
In the first group of farmers, the use of the
family labour force per decares (351.44 MLU
hours) was higher than the other groups. The
fourth group farmers (199.43 hours) used more
non-family labour than the other groups of
farmers.

Figure 2 showed the SWOT analysis results of
the green bean production. This analysis of the
sector was carried out using information
obtained from 112 producers, brokers, traders,
authorizing firms and relevant experts.
Table 8. Usage of labour and machine power in the green
beans production
Family labour force
(hours per decares)
(MLU)
Non-family labour force
(hours per decares)
(MLU)
Total labour force (hours
per decares) (MLU)
Machine power usage
(hour per decares)
Family labour force (%)
Non-family labour force
(%)
Total labour force (%)

Table 7. Importance of information sources on the input
used
Information sources
According to your
own knowledge and
experience
Dealer
recommendations
Recommendations of
technical staff in
Provincial Directorate
of Agriculture
Neighbours and
relatives
recommendation
Buyer
recommendation
(trader)
Books, magazines,
newspapers,
brochures, etc.

I

Farm width groups*
II
III
IV

Average

4.5

5.0

4.2

4.5

4.5

4.5

5.0

4.1

4.5

4.5

3.9

4.2

2.0

2.7

3.0

3.3

2.5

1.8

2.8

2.7

3.1

1.2

1.9

2.6

2.4

2.0

4.1

1.8

1.3

1.9

I

Farm width groups*
II
III

IV

Average

287.74

134.76

47.39

57.21

68.19

63.70

100.60

147.22

199.43

183.54

351.44

235.36

194.61

256.64

251.72

3.57
81.88

4.26
57.26

2.25
24.35

2.00
22.29

2.18
27.09

18.12
100.00

42.74
100.00

75.65
100.00

77.71
100.00

72.91
100.00

MLU: Man Labour Day--hours

The strongest aspects of fresh bean production
in the region were that the climate of the
research area is appropriate, the yield is high
compared to other crops, the water required for
green bean production is found and the product
is easy to sell.
The lack of knowledge of green bean
production, high labour use, labour cost,
inability to find a market for the product in
some cases and lack of producer cooperatives
were the weaknesses of green bean production.
Opportunities in the green bean production in
the region where the work is done can be
defined as provide employment for the people,
an important source of income, and the sale in
cash.
The increase in the number of producers in the
region, the inability to obtain fraud/sales
amounts, the climate change, the lack of
support/inadequacy were expressed as threats to
the green beans production (Figure 2).
Problems in the green bean production
Problems related to production, marketing and
financing (credit) in the research area were also
examined. It was determined that the most
problem was related to marketing and
production. There was no problem with credit
in the region. Problems related to production
and marketing were listed below.

*: Likert Scale: 1 = Definitely no; 2 = No; 3 = Partially; 4 = Yes; 5 =
Absolutely yes

As the amount of green bean land increased, the
amount of non-family labour force increased
accordingly.
As the area of green beans planting in the same
way decreased, the use of family labour
increased and the use of non-family labour
decreased.
In Burdur province, the average labour used for
the production of fresh beans was calculated as
251.72 MLU hours. Again in this direction, it
was determined that the fourth group (2.00
hours) used the least amount of machine power.
The fourth and third group farmers was near the
collection center which is the market for green
beans, so they used less machine power and
also transport cost was less than the other
farmers.
In the average farmers, the use of machinery in
green bean production was calculated as 2.18
hours (Table 8).
138

Figure 2. SWOT analysis of green bean production

Problems with production:
-Bourgondia seed which is a widely used
green bean variety in the region, is expensive,
-Lack of information about the producers'
struggle against disease and harmfulness,
-The lack of information on the green bean
cultivation and sometimes the hail reduces
crop yield,
-The fact that producers cannot get electricity
subscription to the drilling wells used in the
irrigation,
-The inputs used in production are expensive,
-The lack of consultancy and agricultural
extension activities in the region.
Problems with marketing:
-The price of green beans is low and the price
is unstable,
-They cannot get the money (deceit) after the
farmers sold on account their products to
merchants
-At the time of sale, the number of buyers in
the collection center is low,
-The determination of the price of green beans
by mutual agreement among traders,
-When a village outside the collection center,
traders lower the price.
CONCLUSIONS
The average age of farmers interviewed in the
region was 42.57 years. The household size
was 4.22 persons. The farmers' experience in
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producing green beans was 11.13 years. The
68.72% of the land was own land. Farmers
generally rented land for the production of
green beans.
Fresh bean producers were using their own
knowledge and experience to supply the
inputs they used. The views of agricultural
chemical dealers were also "absolutely
important" in green bean growing. One of the
most important contributions of green bean
growing is the used labour force. Green bean
provides employment for over 30 days in one
production season per decare. Small-scale
enterprises were able to evaluate more of the
family workforce. The need for non-family
labour is increase with the scale of planted
area.
The 8.20 kilograms of seed were used in the
region. The maximum used of seeds was in
the first group of farmers (8.86 kg) and the
second group of farmers (7.90 kg) was the
least seeded.
The majority of the interviewed farmers were
the only green bean source of livelihood.
Therefore, the low price of fresh beans,
instability is one of the most important
problems.
According to the information obtained, some
farmers' green beans production were the sole
source of income. Therefore, it is important to
establish a cooperative or producer
association for green beans in the region. The

fact that the producers go to such a structure
against the instability and the low price of the
product, which is the most important problem
in the region, can provide improvement in this
case. It can be stated that the organization of
producers in the region as a cooperative or
producer association is important in terms of
price stability.
It is also important to disseminate consultancy
and agricultural extension services in the
region. Thus, the yield of the unit area can be
increased.
Burdur Governorship or Burdur Municipality
may be more effective in promoting/
announcing the product. Advertising at
various fairs and exhibitions can be a positive
on green bean producer/production and
therefore positive results for Burdur.
Improvements in input prices used in the
green bean production can increase income by
the farmer.
Improvement of the collection center located
in the district can provide more participations
of buyers and sellers in this market.
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Abstract
Milk thistle (Silybum marianum L.) is a herbaceous plant, annual or biennial, cultivated, sometimes as sub-spontaneous
plant, which is found from the Mediterranean Region to Central Asia. This plant contains biologically active
compounds such as flavonoids (quercetin, taxifoline and dehydrokermepherol), lipids (linoleic acid, oleic acid and
palmitic acid), sterols and mucilages, sugars (arabinose, rhamnose, xylose, glucose), amines and saponins (cholesterol,
campesterol and stigmasterol). This paper describes methods for obtaining extracts, in order to obtain active biological
compounds from Silybi mariani fructus, extracts characterised through modern analytical techniques, as well as the
evaluation of their antioxidant activity.
Key words: Silybi mariani fructus; fatty oil; silymarin; fatty acids; antioxidant activity.

INTRODUCTION

1981; Luper, 1998; Nitin et al., 2007; Pepping,
1999).
Currently, milk thistle is one of the most
important
medicinal
herbs
used
in
hepatotherapy, and the active component –
silymarin - is already a traditional remedy,
especially in Central Europe, being widely
prescribed by phytotherapists in the treatment
of liver diseases (Ahmed-Belkacem et al.,
2010; Cornelli et al., 2007; Kim et al., 2003;
Mhamdi et al., 2016; Pradhan and Girish, 2006;
Thakur, 2002). The German Commission E
recommends it for the treatment of toxininduced liver diseases, liver cirrhosis and
supportive therapy for chronic inflammation of
the liver (Murphy et al., 2000).
Silymarin, with strong hepatoprotective
activity, is a polyphenolic flavonoid, a mixture
of 3 flavonolignans - silybin, silidianine and
silicristine - of which the most active is silybin.

Milk thistle (Silybum marianum L.) is an
herbaceous plant, annual or biennial, cultivated,
sometimes as sub-spontaneous plant, which is
found from the Mediterranean Region to
Central Asia. In Romania, it is cultivated in the
south part of the country (Ialomita, Teleorman,
Constanta, Olt, Dolj). Fruits (Silybi mariani
fructus) should be harvested in the morning, in
the sunny time, after the fall of the leaves, by
cutting the calatides. This plant contains
biologically active compounds such as
flavonoids
(quercetin,
taxifoline
and
dehydrokermepherol), lipids (linoleic acid,
oleic acid and palmitic acid), sterols and
mucilage, sugars (arabinose, rhamnose, xylose,
glucose), amines and saponins (cholesterol,
campesterol and stigmasterol). Milk thistle has
been used since ancient times as a medicine in
the treatment of liver diseases (Barbarino et al.,
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marianum L. plants grown in the culture
system at AROMA PLANT SRL, Furculesti,
Teleorman County, Romania (Figure 1).

The action of silybin and its related substances
provides both the protection of the membrane
of the hepatic cells and the repair of injured
cells (Ball and Kowdley, 2005; Barrett, 2007;
Ozturk et al., 2012; Oufi et al., 2012; Pradhan
and Girish, 2006; Valenzuela and Garrido,
1994).
The remarkable hepatoprotective action of the
extract from the milk thistle seeds through
several experimental models with hepatotoxic
substances has been evidenced by inhibition
mechanisms of hepatotoxin related to receptors
of themembrane of hepatocyte, reduction of
glutathione oxidation and increasing its level in
the liver and intestines, improvement the
activity of antioxidant enzyme, stimulation of
the ribosomal RNA polymerase activity and
protein synthesis, resulting an enhanced
hepatocyte regeneration (Bosisio et al., 1992;
Morazzoni and Bombardelli, 1994; Muriel and
Mourelle, 1990).
Silybin and related substances have a double
action: protect the integrity of the non-damaged
cell membranes and stimulate the formation of
new hepatic cells (Pepping, 1999; Morazzoni
and Bombardelli, 1994). Silybin, experimented
on mice as an antidote to phalloidin
intoxication (toxin of Amanita phalloides
fungus), has shown to be a very good
hepatoprotective agent, not only in vitro but
also in vivo, preventing hepatocyte poisoning
by blocking receptors of the cell membrane
level and inhibiting other toxic peptides, such
as α-amanitin, prevented from reaching the cell
nucleus (Cornelli et al., 2007; Desplaces et al.,
1975; Muriel and Mourelle, 1990; Valenzuela
and Garrido, 1994).
Popular medicine uses root, leaves and fruits in
the form of tea, powder or tincture to treat
epidemic hepatitis, pleurisy and spleen diseases
(Pârvu, 2006).
This paper describes methods for obtaining
extracts, in order to obtain active biological
compounds from Silybi mariani fructus, which
will be characterised through modern analytical
techniques.

Figure 1. Silybum marianum L.

From the harvested fruits, the following types
of extracts were obtained:
a. For determination of the fatty oil:
approximate 50 g of chopped fruits is
degreased for 3 h with petroleum ether in the
Soxhlet apparatus (encoded sample A).
b. For the determination of silymarin: 5 g of
chopped fruits (degreased) is refluxed with
light oil; after 8 h is dried at room temperature;
extraction is carried out with 100 ml of
methanol on a water bath for 5 hours; 5 ml of
this solution is diluted with the same solvent
(encoded sample B1); the same procedure for
non-degreased fruits (sample B2).
c. For the determination of fatty acids: 0.3 g of
chopped fruits is mixed with a solution
obtained from 5 ml petroleum ether and 50 ml
hydrochloric acid in methanol 0.5 M. This
mixture is refluxed for 1 h at 65°C. After
cooling the sample, the mixture is washed with
distilled water and 10 ml of iso-octane in a
separation funnel, until pH is neutral; the isooctane layer is removed, and the extract is dried
over sodium sulphate and filtered (encoded
sample C).
d. For determination of antioxidant activity:
were obtained an alcoholic extract, an
hydroalcoholic extract and a water extract from
5 g of upper chopped fruits. The vegetal
material was mixed in ethanol (50 ml) for the

MATERIALS AND METHODS
Plant material
The plant material was harvested from plants
during the fruiting period, from Silybum
142

to 10) and then from 200°C to 250°C. The
GC/MS interface temperature was set at 270°C.

alcoholic extract, at 70°C for 2 hours (encoded
sample D1); for the hydroalcoholic extract, the
vegetal material was mixed with 1:1 waterethanol (25 ml: 25 ml) at 78°C for 2 hours
(encoded sample D2); for the water extract, the
vegetal material was mixed with bidistilled
water (50 ml) at 90°C for 2 hours. All the
reagents were analytic grade, purchased from
Merck KGaA, Germany.

Evaluation of antioxidant activity
The antioxidant activity was performed using
DPPH assay.
The DPPH assay involves mixing 0.5ml of the
sample with 1ml of 0.02 mg/ml DPPH solution
(Sigma Aldrich, USA). After an incubation of
30 minutes, solutions were tested by reading
the absorbance at 517 nm on the UV-VIS
spectrophotometer SPECORD 210 Plus.
The antioxidant activity (AA%) percentage was
calculated using the formula (Fierascu et al.,
2015):

Methods
For anatomic analysis of the fruit, samples
were fixed in ethyl alcohol 70%. Cutting the
plants, the fixation and colouring the
preparations was made in accordance with the
methodology of the achievement of plant
anatomy preparations (Pârvu, 2006; Metcalfe
and Chalk, 1979).
The sections were made on a hand microtome
and sectioned with the anatomical razor. Fruit
observation was made with a stereomicroscope
Optika SZM1 at different magnification and the
terminology used in the Brouwer and Stählin
seed treaty was used (Brouwer and Stählin,
1973).
For quantification of the biologic active
compounds were used a high-performance
liquid chromatograph (HPLC) and a gas
chromatograph coupled with a mass
spectrometer (GC-MS).
For HPLC analyses was used a DIONEX
system equipped with a Diode Array detector
(200-600 nm) and a gradient performing pump
(P580), with a column with 12.5 cm length, 4
mm diameter. Stationary phase was
octadecylsilyl silica gel for chromatography (5
μm), mobile phase A phosphoric acid:
methanol: water (0.5:35:65 V/V/V) and mobile
phase B phosphoric acid: methanol: water
(0.5:50:50 V/V/V); flow rate 1 ml/minute;
injection 10 µl; retention time 30 minutes.
For GC-MS analyses was used a FOCUS GC
equipment coupled with DSQII Thermo mass
spectrometer (Focus GS - MS/DSQII) with a
30 m length, 0.25 mm diameter capillary
column. Helium was used as the carrier gas at a
flow rate of 1.5 ml/min.
Samples were introduced via split mode (100)
in an auto sampler with the injection port at a
temperature of 270°C. The column temperature
was initially held at 160°C for 5 min then
increased from 160°C to 200°C (from minute 6

(1)
where:
Acontrol is the absorbance of the DPPH solution
without sample;
Asample is the absorbance ofthe extract mixed
with 0.02 mg/ml DPPH solution.
Determination of fatty oil - Fatty oil content
(FO) is calculated using the formula, and the
result is expressed as a percentage (*** ANM,
2010).
(2)
where:
A is the quantity of oil obtained by distillation,
in grams;
m represents the mass of the sample, in grams;
U represents the loss on drying.
RESULTS AND DISCUSSIONS
Following the anatomical analysis, the seed is
observed at the longitudinal section of the
achene (general aspect - Figure 2a and
longitudinal section - Figure 2b) and seminal
endosperm (Figure 2c).
Applying the method described above, a
content of 30.2% fatty oil was determined from
sample A (calculated according equation 2).
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Sample C (Silybi mariani fructus oil) was
characterised by GC-MS. The results obtained
are presented in Figure 5, while the identified
components are summarized in Table 1.

Figure 5. GC-MS chromatogram for sample C (Silybi
mariani fructus oil)

Figure 2. Silybum marianum L. achenes:
A) general aspect, without pappus (4x);
B) longitudinal section (1.5x); C) seminal endosperm
(1.5x).

Table 1. Compounds identified by GC-MS

From sample B1 (degreased) and B2 (nondegreased) through HPLC analysis, the content
of silymarin, expressed in silybin is 2.65% and
1.94% (Figures 3 and 4).

No.

Compound name

RT
(min.)

Area
(%)

1
2
3
4
5
6
7
8
9
10

Palmitic C16:0
Stearic C18:0
Oleic C18:1
Cis-Vaccenic C18:1
Linoleic C18:2
Linolenic C18:3
Arachic C20:0
11-Eicosenoic C20:1
Behenic C22:0
Lignoceric C24:0

8.89
13.08
13.44
13.57
14.38
15.67
17.56
18.02
24.63
33.81

8.13
5.38
32.38
0.51
43.97
4.19
2.83
0.68
1.59
0.35

In sample C (Silybi mariani fructus oil) were
identified 10 components, from which the most
important are linoleic acid (Omega 6) - 36.1%
and linolenic acid (Omega 3) - 4%.
The results of the DPPH assay performed on
the samples D1, D2 and D3, calculated
according to eq. (1) revealed a better
antioxidant activity for D1 (91.88% for D1,
54.81% for D2, and, respectively, 33.32% for
D3.

Figure 3. HPLC chromatogram for Silybi mariani fructus
for B2 sample

CONCLUSIONS
The results obtained support the use of Silybum
marianum L. as a very good hepatoprotective
agent, its action being mainly due to the high
content in silymarin and fatty oils. The results
also show a high content of fatty acids as

Figure 4. HPLC chromatogram for Silybi
mariani fructus for B1 sample
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linoleic acid, that could be used in therapeutic
purposes.
Also, the results obtained for the antioxidant
assay proposes the use of the ethanolic extract
(showing a very good antioxidant activity) for
the formulation of antioxidant pharmaceuticals
and dietary supplements.
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Abstract
Turkey, with important cultural heritage and rich history and enormous plant diversityhas poor agricultural practices
that are making difficult to conserve many of the endemic local plant taxon. The soil conservation practices are not
sufficient as the farming practices are more often sowing of soil depleting rather conserving. Allium tuncelianum
(Kollman) Ozhatay, Matthew & S iranecivernacular “Tuncelisarmsağ” is an endemic specie of garlic native to the
Eastern Anatolian province Tunceli, where temperate climate is dominant and the people in general and farmers in
particular are not well aware of good farming practices. There is need to develop and introduce more new practical
propagation and multiplication approaches for its conservation at naturalhabitat and outside without endangering
surrounding environment. This study reports effect of four planting densities andintra-row spacingon some
agronomical characteristics of A. tuncelianum yield and some agronomic characteristics. The study was carried under
warm semi-arid ecological climatic conditions of Southeast Anatolia ensuring minimum soil depletion effects on the
environment. Yield components like plant height, leaf length, leaf width, bulb diameter, flower inflorescence, bulb
weight and number of scales onbulb changedsignificantly with range of 101.3-115.8 cm, 37.2-40.4 cm, 2.55-1.61 cm,
3.47-3.85 cm, 8.90-8.87 cm, 36.0-48.1 g and 1.67-1.71 respectively. These values did not show a significant difference
with the yield component values at original habitat of the plant at Tunceli. The results of the study are very encouraging
and suggest that the plant has large and increased plasticity with easy tolerance and adjustment for differences in
climatic without significant loss in yield.
Key words: agronomy, bulb size, bulb yield, cultivation, Tunceli garlic, wild plants.

INTRODUCTION

farming practices are unsuitable for cultivation.
Turkey needs in time, approaches to protect
both its soil and fast eroding local germplasm
through organised and systematic scientific
studies.
The Fertile Crescenten compassing western
Iran, Jordan, Syria, Palestine, Israel, Iraq,
Lebanon, and southeast Turkey is an area of
mega diversity and centre of origin and
domestication of many important food, pasture,
rangeland, feed, horticultural and medicinal
temperate zone plant species (Harlan, 1992).
Local land resources are fragile andemphasize
importance
of
maintenance
and
conservationofbiodiversity without loss of
productivity (Held and Cummings, 2014).
The genus Allium comprises around 750
species (Stearn, 1992) and issubdivided into 15
subgenera and 72 sections (Friesen et al., 2006;
Hirschegger et al., 2010). It is a group of
petaloid monocotyledonous genus with bulbs
enclosed in fibrous or membranous tunics,

Turkey lies on cross road to Asia, Africa and
Europe and has very important cultural heritage
and rich history that is spread all over. This
transition has allowed Turkey to develop
enormous plant diversity as well with more
than 12.057 taxons growing on its soils. These
taxons include many of the endemic plant
species as well. However, large numberof
farmers arenot well aware of good agricultural
practices that are making very difficult to
conserve both soiland endemic land races of
plants (Firat and Tan, 1995). The locally
employed soil conservation practices are not
adequate, most often and the farming practises
are leading to soil depletions on huge scale
(Gunal et al., 2015).
No soil protection and poor reclamation work
could lead to loss of locally available
germplasm to huge scale. As mostof the
cultivated land have steep mountainous slopes,
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which are often or almost tepal free, grow in a
subgynobasic way and most of them
producecysteine sulphoxides. It has center of
diversity located in southwest & Central Asia
and North America (Friesen et al., 2006). Many
Allium species are grown for diverse purposes
including their use in foods, in pharmaceutics
for their medicinal characteristics (Fritsch and
Friesen, 2002) and ornamental purpose that are
popular with gardeners (Block, 2010).
A. tuncelianum Kollmanvernacular name
“Tuncelisarimsağı” (Kizil et al., 2014) is an
endemic garlic specienative to Munzur
Mountains (2359 m) largely Ovacik, district of
Tunceli province lying between Karasu and
Murat dells and limited region lying in between
Erzurum and Sivas provinces. It grows
competing with other plants in natural
environment at its habitat (Figure 1) on soil
rich in metamorphic sedimentary volcanic and
intrusive rocks (Baktir, 2005). The climate of
the region is highly influenced by acold
temperate continental climate/Mediterranean
continental climate (Dsa) as described under
köppen climate classifications (Anonymous,
2016 a, b, c) with extreme winter temperatures
and heavy snowfalls. The climate of the area
varies from warm to hot and dry during
summer. Precipitation in the Munzur Valley
and Ovacik district of Tunceli province is
variable and ranges between 600-1.000 mm
annually, with very little precipitation during
summer months. The soils of region areclay
loam, sandy clay loam and clay, with pH of 7.0
andwith 1-2% organic matter (TVICOM,
2005).

A. tuncelianum contain 1-2 cloves that are
locallyused in cuisine for culinary purposeand
the cloves could be stored for a long time at 1820°C. Appropriate agronomic techniques for its
culture are still tobe developed. It is locally
collected from wild regions for export tobig
cities including Istanbul and abroad (European
countries); that has been abode to a large
number of immigrants from Turkey. Wild
populations of A. tuncelianum are at a risk of
extinction in Turkey, because ofcompetition
among neighbouring species, land erosion,
human activities like their irrational collection
from wild for use in pharmaceutics, and their
use for culinary purpose or salad (Kiralan et al.,
2013; Aasim, 2015). Increased human activities
like construction of houses, highways, cutting
of forests, prairies and wilds for farming
activities etc. have resulted in rapid or subtle un
noticed habitat destruction of A. tuncelianum.
These activities have also contributed to
increased pollution in the area. Cumulative
effects of all activities are gradually changing
the life style and structure of local people living
around the habitat of Tunceli garlic (Pers
observations).
Commercially, Allium species are propagated
either by seeds, cloves or bulbs (De Hertogh
and Le Nard, 1993). All plants have different
requirements for growth and development.
Correct type of soil, planting depth and inter
plant space influences uptake of water,
nutrition, air, light by plants for growth (Amjad
and Ahmad, 2012). However, very limited
information is available for successful
agronomic culture of A. tuncelianum (Kizil and
Khawar, 2015). Thus, development of an
agronomic technique to conserve and
systematically grow Tunceli garlic for
obtaining of uniform growth with high yield
would be very desirable. It will help to meet
ever rising demand of Tunceli garlic for local
consumption in foods and industries.
Inthis regard, the study was conducted to
determine effects of planting densities on some
agronomic characteristics of A. tuncelianum
under cold semi-arid climatic conditions of the
South-Eastern Anatolian plains (BSk according
to Köppen classification systems), compared to
its habitat at Tunceli province in Eastern
Anatolia (Dsa- according to köppen climate
classification system), where it grows sparsely

Figure 1. Allium tuncellianum plants growing on
metamorphic sedimentary volcanic and intrusive rocks of
Munzur Mountains competing with other plants in
natural environment
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under cold temperate climatic conditions
(BSk - according to Köppen classification
system) on soils rich in metamorphic, volcanic,
and sedimentaryrocks (Anonymous, 2016 a, b, c).

days before planting. The Tunceli garlics were
planted in the soil after field capacity of 0.34
bar of suction pressure was established after
downward drainage of excess water at the time
of planting. No fertilizer was applied before
planting or during growth of Tunceli garlic.
Planting was done with row spacing of 45 and
70 cm and plant spacing of 10 and 20 cm. The
experimental design was a randomized
complete block design with three replications
for each experimental year with 48 bulbs for 20
cm and 63 bulbs for 10 cm spacing in each plot.
Plots size was kept 5.4 m2 (1.8 m × 3 m) and
8.4 m2 (2.8 × 3 m) in each of the experiment.
Hand planted bulbs at a depth of 5-8 cm had
diameter of 2 to 4 cm. The plots were weeded
when required. The plots were harvested
manually on 5th June, 2012 for the first year
and 18th June, 2013 for the second year. Plant
height, plant stem diameter, leaf length, leaf
width, leaf-less stem length, flower table
diameter, bulb diameter, bulb circumference,
bulb weight and number of bulbilsper bulb
were investigated in the study.
Data obtained in the study were analysed
statistically, using MSTAT - C (Michigan State
University) computer program, and the means
were grouped, using LSD test or t test at 0.05
level of significance.

MATERIALS AND METHODS
Field studies were conducted under Diyarbakır
ecological conditions at the Department of
Field Crops, Faculty of Agriculture (latitude
37° 53' N and longitude 40° 16' E, 680 m),
Dicle University during 2011-2012 and 20122013 growing seasons using bulbs of A.
tuncelianum purchased from a local producer at
Ovacik District of Tunceli, provinceTurkey.
The soil of the experimental area was sandyloam which was deficient in organic matter
(0.41%), available phosphorus (0.17%) and
potassium (7.98%), with pH of 8.08. Climatic
conditions in the experimental years, with mean
temperature, relative humidity and total
precipitation from September to July for 201112 was 15.4oC, 55.9%, and 625.7 mm, for
2012-13 15.0oC, 54.6%, and 431.6 mm,
respectively. Long term with September to
July, mean temperature, relative humidity %
and total precipitation were 15.3oC, 55.6% and
495.4 mm, respectively (Table 1).
Experimental fields were ploughed to achieve
uniform texture and structure and watered three

Table 1. Means of temperature, humidity and precipitation at the site of experimentation for long years,
2012 and 2013 years
Months
January

Mean temperature (ºC)
Long Years
2012
2013
2.7
2.4
2.7

Humidity (%)
Long Years
2012
78.9
84.5

2013
83.8

Precipitation (mm)
Long Years
2012
2013
70.3
78.3
82.2

February

4.5

2.0

6.1

76.8

68.2

82.3

53.7

74.4

March

9.0

5.2

9.5

67.4

58.6

62.7

61.1

44.0

85.2
19.8

April

14.1

15.2

14.5

66.0

58.4

63.6

64.3

26.2

39.4

May

19.2

19.6

19.0

56.4

58.2

61.7

57.9

41.0

98.0
2.8

June

26.1

27.6

26.7

31.7

28.0

27.6

10.6

7.0

July

30.9

31.2

31.2

22.9

21.1

19.4

0.5

1.6

0

August

30.1

31.0

30.4

20.8

20.9

19.0

0.0

0

0

September

25.0

26.1

24.5

29.7

23.3

25.0

6.5

1.8

0.0

October

17.8

18.5

17.0

47.6

55.1

28.1

50.1

107.4

0.0

65.2
78.9
53.5

77.3
85.4
53.3

68.8
83.6
52.1

53.0
67.4
495.2

83.2
160.8
625.7

53.8
50.4
431.6

November
9.8
12.0
11.4
December
4.5
5.1
-3.4
Mean
16.1
16.3
15.8
Source: State Meteorology Institute (Diyarbakir, Turkey)

RESULTS AND DISCUSSIONS

were very clear. Allium species, depending on
their origin, divided into four types. A.
tuncelianum germinate over a wide temperature

The effect of temperature on A. tuncelianum
bulb germination and sprouting in the fields
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range (5-25 ºC) (De Hertogh and Le Nard,
1993).
Statistical analysis in Table 2 indicated that
there was no significant interaction effect

between plant densities and years, while main
effects of years significantly influenced plant
height, stem diameter, leaf length, leaf width
and plant densities that influenced leaf width.

Table 2. Results of analysis of variance and F values of the investigated characteristicsof A. tuncelianum
Source of
Variance
Years
Plant densities
Interaction

Plant
height
(cm)

Stem
diameter
(cm)

Leaf
Length
(cm)

Leaf
width
(cm)

Scape
length
(cm)

Flower
diameter
(cm)

Bulb
diameter
(cm)

Bulb
circumfe
rence
(cm)

Bulb
weight
(cm)

Number
of scale
bulb

101.24**
2.35ns
1.92

8.58*
0.78
0.30

9.41*
2.16
2.08

69.41**
10.68**
2.47

39.44**
3.43
2.16

0.02
6.25**
5.08*

2.09
9.97**
7.12**

0.88
2.96
2.99

38.58**
8.38**
5.11*

19.79*
2.01
2.36

*Significant at 0.05 probability level; ** Significant at 0.01 probability level; ns non-significant

cm, while it remained 115.8 cm during second
year. This showed that more precipitation at
active growing periods of A. tuncelianum
during 2nd year of growth influenced plant
height positively. A normal vertical crop with
no lodging or bending of plants was noted
during experimentation avoiding loss of yield
showing plasticity of plants with the new
environment.
Mean values of plant stem diameter duringfirst
year was recorded as 1.26 cm and second year
as 1.08 cm, mean values of leaf length was
recorded as 37.2 cm during first year and 40.4 cm
during second year, and mean values of leaf
width were recorded as 2.55 cm during first
year and 1.61 cm during second year (Table 3).
Increase and decrease in plant density did not
influence plant height, stem diameter, leaf
length, scape length, bulb circumference and
number of scales statistically.

Figure 2. Allium tuncellianum presents healthy plants in
the fields showing no signs of stress in the new semi-arid
climate of Diyarbakır

All bulbs developed healthy plants in the fields
showing no signs of stress in the new semi-arid
climate of Diyarbakır (Figure 2). Mean plant
height for first experimental year was 101.3

Table 3. Mean values of plant height, plant stem diameter, leaf length and leaf width obtained from different plant
densities of A. tuncelianum
Planting
Densities
(cm)

45 × 10
45 × 20
70 × 10
70 × 20

Mean
LSD (0.05)

Plant height
(cm)
2011-12
2012-13
100.0
112.6
106.6
114.9
102.7
120.1
96.0
115.8
101.3 A
115.8 B
Years: 9.57

Mean
106.3
110.8
111.5
106.0

Stem diameter
(cm)
2011-12
2012-13
Mean
1.21
1.00
1.11
1.35
1.13
1.24
1.26
1.07
1.16
1.20
1.13
1.17
1.26A
1.08B
ns

Leaf length
(cm)
2011-12
2012-13
38.7
38.9
39.7
41.7
34.0
40.7
36.5
40.4
37.2 B
40.4 A
Years: 2.15

Mean
38.8
40.7
37.3
38.5

Means within a column followed by the same letter are not significantly different according LSD test at p ≤ 0.05.

Leaf length andwidth of A. tuncelianum are
important for improving the bulb; as they affect
accumulation of carbohydrate and other
essentials necessary for plant growth.
Moreover, in the experiment, second year mean
value (40.4 cm) was higher compared tothe
first year (37.2 cm) values. Conversely, leaf

Leaf width
(cm)
2011-12
2012-13
Mean
2.35
1.37
1.86 C
2.88
1.83
2.36 A
2.26
1.63
1.95 BC
2.71
1.60
2.15 AB
2.55 A
1.61 B
Years: 0.20: Plant density: 0.21

width recorded during first year is higher
compared to that recorded during second year
(Table 3). Increased precipitation inactive
growth periods during first year promoted
vegetative growth especially the leaf width
compared to leaf length during first year. Low
moisture profile during 2nd year promoted
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elongation in leaves, a cause of moisture stress
and reduction in leaf width. This resulted in
low leaf area during 2nd year. It is assumed that
increased leaf area during first year along with
increased width resulted in interception of more
solar energy for photosynthesis had positive
bearing on all growth parameters according to
the findings of Richards (2000).
The differences between scapes (is a long
leafless internode forming the basal part or the

whole of a peduncle in garlic) lengths were
statistically
significant.
A
significant
interaction was noted between planting
densities and interaction of year × planting
densities for flower table diameter and bulb
diameter. Mean values of scape length were
determined as 76.9 cm during first
experimental year and it was measured 84.6 cm
during second year (Table 4).

Table 4. Mean values of stem length, flower table diameter and bulb diameter obtained from different
plant densities of A. tuncelianum
Planting
Densities (cm)

Scape length
Flower table diameter
(cm)
(cm)
2011-12
2012-13
Mean
2011-12
2012-13
Mean
2011-12
45 × 10
77.6
83.5
80.6
8.67 bcd
8.60 cd
8.63
3.73 a
45 × 20
83.6
85.1
84.4
8.27 d
8.97 bc
8.62
4.28 a
70 × 10
75.1
88.5
81.8
9.49 a
8.97 bc
9.23
2.60 c
70 × 20
71.3
81.6
76.5
9.15 ab
8.83 bc
8.99
3.27 b
Ort.
76.9 B
84.6 A
8.90
8.87
3.47
LSD (0.05)
Years: 3.59
İnt.: 0.52
Means within a column followed by the same letter are not significantly different according LSD test at P ≤ 0.05.

Bulb diameter
(cm)
2012-13
3.73 ab
4.00 a
3.77 ab
3.90 a
3.85
Int.: 0.55

Mean
3.79
4.14
3.18
3.58

spacing) density. Bulb neck diameter, mean
bulb weight and plant height decreased as
population density of the plants increased.
Total bulb yield could be increased as
population density increases and depends on
plant species (Kantona et al., 2003).
Only 10% of the whole Tunceli region (the
natural habitat of Tunceli garlic) is arable with
approximately 9% allocated to wheat, barley
and rest to industrial crops like cotton, tobacco
and sugar beets, small crops and
vegetables. Moreover, rapid urbanization and
rural depopulation; mainly due to economic
reasons marketing problem and poor cropping
pattern, lack of land and poor agronomic
practices used by farmers are major problems
at habitat. This has led local people towards
scattered animal farming. Primarily, owing to
these reasons, no agronomic trial has been
conducted for Tunceli garlic at habitat or other
places forquality bulb production.

It was assumed that these differences were due
to bulb diameter at planting and differences of
precipitation received during experimental
years. In respect to flowering table diameter,
the maximum table diameter of 9.49 cm was
obtained from plants in the scheme of 70 × 10 cm
plant spacing during first experimental year,
while the minimum table diameter of 8.60 cm
was noted on 45 × 10 cm planting density
during second year. No statistical difference
was noted between years for table diameter. In
the experiment, mean values of bulb diameter
changed between 2.60 cm and 4.28 cm. The
maximum bulb diameter was obtained from
45 × 20 cm plant density during first year,
while the minimum bulb diameter was obtained
from 70 × 10 cm density during first year of
experiment (Table 4).
The higher yield and better control of over or
under sized bulbs could be obtained if plants
are grown at optimum (45 × 20 cm plant

Table 5. Mean values of bulb circumference, bulb weight and number of scale bulb obtained from different plant
densities of A. tuncelianum
Planting
Densities (cm)

2011-12

Bulb circumference
(cm)
2012-13

Mean

2011-12

Bulb weight
(g)
2012-13

Number of scale bulb
Mean

2011-12

45 × 10
14.52
14.07
14.52
35.7 bc
37.2 bc
36.5
2.53
45 × 20
17.13
17.10
17.13
39.2 b
51.6 a
45.4
2.40
70 × 10
25.63
16.20
20.92
30.2 c
49.1 a
39.6
2.67
70 × 20
12.77
17.53
15.15
39.0 b
54.5 a
46.8
3.07
Mean
17.51
16.22
36.0
48.1
2.67 A*
LSD (0.05)
ns
Int.: 7.30
Means within a column followed by the same letter are not significantly different according LSD test at P ≤ 0.05.
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2012-13

1.27
2.00
1.87
1.70
1.71 B
Years: 1.51

Mean

1.90
2.20
2.27
2.38

Bulb circumference was determined as 17.51 cm
duringfirst year and 16.22 cm during the
second year. Although average temperature
during both years of study was almost similar,
a reduced precipitation was noted during 2nd
year of experiment (Table 5). This had
influenced the bulb circumference. The bulbs
failed to gather necessary nutrients for their
growth, affecting growth of leaves with poor
photosynthesis due to reduced accumulation of
carbohydrates. This showed that Tunceli garlic
circumference was clearly affected by amount
of precipitation that supposedly affected
regulation and accumulation of starch/sugar
ratio and bulb circumference. The results are
according to Miko et al. (2000), findings,
stating that reduced soil moisture at high
temperatures induced reduction of 60% yield. It
may be mentioned that garlic has a relatively
shallow root system. Among plant densities,
bulb length mean values changed between
14.07 and 17.53 cm. The maximum bulb
circumference was obtained using widest
spacing. So many studies have revealed
correlation between sugars content of bulbs and
storage temperature in the field and in vitro
conditions (Salama et al., 1990; Iraqi et al.,
2005). The storage of garlic bulbs in cold
environment
eliminates
dormancy
and
stimulates sprouting.
An investigation of biochemical variation
correlated to carbohydrate metabolism is of
importance, due tochanges of chlorophyll,
carbohydrate contents, amylase and invertase
enzymes activity during stratification. Kahsay
et al. (2013) observed thatthe narrowest intrarow spacing results indecreased bulb
length.When intra-row spacing is increased
from 5 to 10 cm, bulb length also increased
from 4.1 to 4.6 cm (Table 5). This can be
explained by intra row spacing or distribution,
structure, and abundance of coexisting plants in
population. Interaction of these determine the
growth behaviour of plants, including
productivity. The pattern of this competition in
fluences availability of nutrients and moisture
needed for growth. This helps in increased
storage of carbohydrates in bulbs in the form of
sucrose and more complex oligosaccharides
(mainly fructans with various degrees of
polymerisation)
with
improved
bulb
diameter/circumference/weight. This clearly

indicate that competition for nutrients in soil is
increased in narrow intra row spacing and
decreased in wide intra row spacing. Moreover,
their availability to plants was more during first
year with more precipitation. Ahmed et al.
(2007) observed that increased moisture level
in soil at irrigation interval of 3 days had
positive effects on number of leaves per plant,
plant height at maturity, bulb yield, bulb
weight. An increase in irrigation intervals
decreased soil moisture content and had
negative effects on growth, yield and other
components of garlic development.
The maximum bulb weight was obtained from
plant densities of 70 × 20 cm intra row spacing,
while the minimum bulb weight was observed
on 70 × 10 cm intra row spacing during first
year (Table 5). Bulb weight was affected by
density of plant population and had relationship
with the percentage light interception by the
A. tuncelianum leaf canopy (Addai and Scott,
2011). The importance of optimisation results
in two advantages of avoiding competition
among plants and allows sufficient space for
growthby fetching optimum amount of water,
nutrients and light for efficient growth of
Tunceli garlic (Awas et al., 2010). The results
are in line with Kantona et al. (2003),
whonoticedonion yield increase from 17.4 to
39.5 tha-1 when plant population per square
meter was increased from 50 to 150.
Conversely, Rekowska and Skupien (2007)
reported higher yield of bulbs and green leaves
of garlic from narrowintra-row spacing.
Moreover, A. tuncelianum develops as a single
cloveand do not constitute any bulbs except
over riding bulbilson the cloves that acts as a
potential propagules. These are capable to grow
into a complete plant subject to cultural
practices. Number of overriding bulbils
changed depending on bulb size. Three of four
over riding bulbils were noted onlarger bulbs,
whereas, one overriding bulbil was induced on
smaller bulbs in general. Maximum number of
overriding bulbils was determined as 2.67
during first year and 1.71 during the second
year (Table 5). Bulbs planted in any sowing
pattern induced large number of viable seeds
(Figure 3). Again induction of larger bulbils
during first year with more precipitation
seemed to be influenced by the soil moisture
regime during first and 2nd years.
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diversification among plant species (Sultan,
2004; Scheiner, 1998) that promote adaptive
diversity (Sultan, 2004; Pigliucci and Murren,
2003). However, it should be known that
besides
phenotypic
plasticity,
genetic
adaptationhave definite role in persistence of
plant species under new environment (Richter
et al., 2012) and thereby conservation of new
plant species.
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Abstract
Soils pollution with crude oil is becoming an ever increasing problem, especially in the light of several breakdowns of
oil pipelines and wells reported recently. Due to its toxicity, widespread presence and complex nature, this type of
pollution is a serious problem, one reason being that as the modern civilisation, urbanisation and mechanisation
develop the use of crude oil products grow. The influence of soil pollution with crude oil depended on the type of soil,
crude oil concentration in soil and fertilisation. The study has been undertaken to assay the biodegradation yield of soil
polluted with crude oil and treated in different experimental variants. In soil polluted with 5% crude oil, doubling
fertiliser dose from 0.25% to 0.5% has exercised the most spectacular effect, causing an increase of yield to 45.7% in
absence of bacterial inoculation. Atlow fertiliser dose, inoculation with selected bacteria induced a strong stimulation
effect; the bioremediation yield is 24% higher thant hat determined inuninoculated variant. In variants excessively
polluted with 10% crude oil, microorganisms with biodegradation capacity of petroleum hydrocarbons have required
amore or less period of time to adapt to pollutant presence in excess. Necessary period to adapt to environmental
changing, microorganisms was significantly decreased by soil conditioning with Ecosol at 1% concentration.
Key words: biodegradation yield, soil polluted, crude oil, different treatments.

INTRODUCTION
Nonetheless, major points of soil pollution with
petroleum hydrocarbons are crude oil stations
(Michalcewicz, 1995). Other areas of concern
are mining and distribution of petroleum based
products (Song and Barhta, 1990; Amadi et al.,
1996; Jørgensen et al., 2000).
Certain
negligence
when
transporting,
collecting or storing crude oil together with
unsatisfactory care while disposing of old or
used crude oil products lead to considerable
pollution of the natural environment (Leahy
and Colwell, 1990).
Crude oil penetrating soil cause its degradation
(Sztompka, 1999). Once they enter an
ecosystem, crude oil initiate a series of
processes, affecting both its biotic and abiotic
elements (Małachowska-Jutsz et al., 1997).
Crude oil is composed of aliphatic, oleic,
naphthenic and aromatic hydrocarbons (Chi
Yuan and Krishnamurthy, 1995), which modify
physical and chemical properties of soil and its
structure. These compounds are largely
responsible for changed in soil fertility
(Iwanow et al., 1994).

Moreover, crude oil has a negative effect on the
biochemical and physicochemical characteristics of soils (Kucharski and Wyszkowska,
2001).
Since soil pollution with crude oil deteriorates
its biochemical and physicochemical properties, it also limits the growth and
development of plants, whose nutritive and
technological value can be low and often
questionable.
In this connection, the present study has been
undertaken to increase the biodegradation yield
of crude oil in soil polluted.
MATERIALS AND METHODS
The main objective of this research is to
increase the biodegradation yield of crude oil
by biostimulation and bioaugmentation.
Biostimulation have been achieved by using an
organic compound made from cellulose fibers
for soil polluted conditioning with additives to
optimize its structure, water and air circulation
regime in soil, and not least achieving a
protective interface between degrading
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microorganisms
and
pollutant.
Ecosol
compound was chosen for experiment by
analyzing a series of organic compounds
suitable for conditioning soil polluted with
organic pollutants, especially because of its
biodegradability properties.

Bioaugmentation have been achieved by soil
inoculation with bacterial bioproducts made
from specific bacteria selected and tested in the
laboratory for their ability to degrade crude oil.
The experiment was set up by an artificial soil
pollution and treated with different quantities
of ECOSOL (Table 1).

Table 1. Chemical characteristics of the natural biodegradable product ECOSOL
Natural biodegradable product
ECOSOL

Nt (%)

C (%)

P (%)

K (%)

0.935

23.72

0.39

3.32

After 21 days from pollution, the soil was
inoculated with bacteria. The bacterial
inoculum was developed from microorganisms
that occur naturally in the soil like
Pseudomonas, Mycobacterium, Arthrobacter
globiformis and Bacillus megaterium and

Na
(%)
4.97

which are demonstrated as petroleum degrading
microorganisms.
It have been achieved a greenhouse experiment.
The soil used for this experiment was a calcic
chernozems (Table 2).

Table 2. Chemical characteristics of the soil
Soil type
Calcic chernozem

pH
8.09

C
(%)
2.99

Nt
(%)
0.279

C/N
Ratio
12.5

PAL
mg kg-1
50

KAL
mg kg-1
215

In the beginning of the experiment in variants
polluted with 5% crude oil, increased levels of
TPH in inoculated variants is caused by
bacterial biomass pollutant dead on impact.
After 14 days from the pollution, the TPH
values begin to decrease in the treated
experimental variants compared with the
polluted and untreated variant.
After 21 days, began to be evident that in the
experimental variant V7 treated with 0.5%
ECOSOL and inoculated, the speed of pollutant
disappearance in the soil is much higher
compared to the other experimental variants,
results with a high insurance degree statistics.
In the experimental variants polluted with 10%
crude oil only after 21 days can be observed
decreases in the TPH concentration higher than
in the polluted and untreated variant (Figure 2).
Also, at this time of determination, it have been
found a higher biodegradation yield of crude oil
in the experimental variant treated with the
highest dose of 1% ECOSOL and bacterial
inoculation compared to other variants. Also, in
the variants polluted with 10% crude oil was
found relatively slow process of crude oil
degradation in the 30-300 days range.

The experimental variants are: V1, control
(unpolluted soil); V2, polluted soil with 5%
crude oil; V3, polluted soil with 10% crude oil;
V4, polluted soil with 5% crude oil + 0.25%
ECOSOL; V5, polluted soil with 5% crude oil +
0.25% ECOSOL + bacterial inoculum; V6,
polluted soil with 5% crude oil + 0.5%
ECOSOL; V7, polluted soil with 5% crude oil +
0.5% ECOSOL + bacterial inoculum; V8,
polluted soil with 10% crude oil + 0.5
ECOSOL; V9, polluted soil with 10% crude oil +
0.5% ECOSOL + bacterial inoculum; V10,
polluted soil with 10% crude oil + 1% ECOSOL;
V11, polluted soil with 10% crude oil + 1%
ECOSOL + bacterial inoculum.
RESULTS AND DISCUSSIONS
In the case of soil polluted with 5% crude oil
(Figure 1) is very obvious difference between
experimental variants in terms of reducing both
dynamic and final values of total petroleum
hydrocarbons concentrations, pointing out the
clear superiority of experimental variant treated
with 0.5% ECOSOL and inoculated with
selected bacteria.
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Figure1. The evolution of total petroleum hydrocarbons (TPH) in soil polluted with 5% crude oil in different
experimental variants

After 330 days until the end of the experiment
was noted an accelerated biodegradation of
crude oil that been manifested till the end of the
experiment in all treated variants. This long
slowdown processes (bio)degradation of total
petroleum hydrocarbons in the case of
excessively polluted soil with crude oil can
lead to significant difficulty to adapting of
biodegrading microorganisms, both its own
soil, and those introduced by the addition of
bacterial inoculum in case of excessive
pollution. This is one of the major reasons for
which are not recommended bioremediation
processes in soils polluted with petroleum
hydrocarbons at concentrations higher than 5%
TPH. Though, biodegrading processes,

happens, takes place after an extremely long
and unprofitable period of time.
At the end of the experiment, after 810 days of
the onset research, TPH concentration in soil
polluted with 5% crude oil still present a value
of 1.81%. This can be translated that into the
soil polluted with 5% crude oil, the process
yield of disappearance of the pollutant in the
soil without applying any treatments, so only
through its own detoxification mechanisms of
soil defined as natural attenuation is 63.8%.
The yield may seem high for a natural
attenuation process if is taking into account the
longer period of time - 810 days, which may
mean no more than three years to miss land
use.

Figure 2. The evolution of total petroleum hydrocarbons (TPH) in soil polluted with 10% crude oil in different
experimental variants
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In the experimental variant in which the soil
was polluted with 5% crude oil and treated with
0.25% ECOSOL, the content of the total
petroleum hydrocarbon in the pot determined at
the end of the experiment was 0.89% TPH,
corresponding to a yield by 82.2%. In the
experimental variant polluted with 5% crude oil
treated with 0.25% ECOSOL and inoculated
with selected bacteria, the total petroleum
hydrocarbons content after 810 days was
0.67%, corresponding to a yield by 86.6%. For
the experimental variants where the soil was

polluted with 5% crude oil and treated with
0.5% ECOSOL, the petroleum hydrocarbons
content at the end of the experiment was
0.47%, representing a yield of 90.6%. And
finally, in the variant where the soil was
polluted with 5% crude oil treated with 0.5%
ECOSOL and inoculated with selected bacteria,
the total petroleum hydrocarbons content of the
crude oil at the end of the experiment was only
0.37%, representing a yield by 92.6%
(Figure 3).

Figure 3. The biodegradation yield in soil polluted with 5% crude oil in different experimental variants

In the case of the experimental variant with
10% crude oil polluted soil in which no
treatments were applied to remediate, the total
petroleum
hydrocarbons
concentration
determined at the end of the experiment was
3.5% TPH, which is a yield of 65% attributed
to the natural attenuation.
In the experimental variant in which the soil
was polluted with 10% crude oil and treated
with 0.5% ECOSOL, the total petroleum
hydrocarbon content determined in the pot at
the end of the experiment was 2.82% THP,
corresponding to a yield by 71.8%. In the
experimental variant where soil was polluted
with 10% crude oil treated with 0.5% ECOSOL
and inoculated with selected bacteria, the
petroleum hydrocarbon content after 810 days
was 2.59%, corresponding to a yield by 74.1%.
For the experimental variant where the soil was
polluted with 10% crude oil and treated with
1% ECOSOL, the total petroleum hydrocarbon
content at the end of the experiment was
2.10%, representing a yield of 79%. And

finally, in the experimental variant where the
soil was polluted with 10% crude oil treated
with 1% ECOSOL and inoculated with selected
bacteria, the total petroleum hydrocarbons
content at the end of the experiment was
only 1.95%, equivalent to a yield by 80.5%
(Figure 4).
CONCLUSIONS
In thevariant with soil polluted with 5% crude
oil, treated by 0.5% ECOSOL and inoculated
with selected bacteria, petroleum hydrocarbon
content at the end of the experiment was only
0.37%, representing a yield by 92.6%.
Doubling ECOSOL dose from 0.25% to 0.5%
has exercised the most spectacular effect,
causing an increase of yield to 45.7% in
absence of bacterial inoculation.
At low ECOSOL dose, inoculation with selected
bacteria induced a strong stimulation effect; the
bioremediation yield is 24% higher than that
determined in uninoculated variant.
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In soil polluted with 10% crude oil, where no
ameliorative treatments were applied, the crude
oil concentration determined at the end of
experiment was 3.5% TPH, and represents a
yield of 65% attributed to natural attenuation
process.
The bioremediation process yield increased due
to the complexity of treatments applied as
follows: in soil treated by 0.5% ECOSOL,
petroleum hydrocarbon content determined in
the pot at the end of the experiment was 2.82%
TPH, corresponding to a yield of 71.8%, in the

variant treated by 0.5% ECOSOL and inoculated
with selected bacteria, final petroleum
hydrocarbon content was 2.59%, corresponding
to a yield of 74.1%, the variant in which the
soil was treated with 1% ECOSOL, the final
content of petroleum hydrocarbons was 2.10%,
representing a yield of 79% and, finally, the
variant in which soil was treated with 1%
ECOSOL and inoculated with selected bacteria,
petroleum hydrocarbon content at the end of
the experiment was only 1.95%, representing a
yield of 80.5%.

Figure 4. The biodegradation yield in soil polluted with 10% crude oil in different experimental variants
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Abstract
Organic substances, such as: protein hydrolysates of animal origin (composed of peptides, ureide and amino acids) and
protein hydrolysates of vegetal origin (algae extracts) can be successfully used to obtain new fertilizers formulas.
These natural protein hydrolysates are embedded in different NPK matrix that contains meso and microelements, i.e.
Fe, Cu, Zn, Mn, Mg, S, Co, Mo, resulting thus a variety of foliar fertilizers that can be used in both, conventional and
organic farming (especially to protect crops from stress factors, climatic accidents and to prevent or correct
nutritional deficiencies).
The efficacy of these foliar fertilizers was tested in the National Network for Fertilizers Testing on sunflower crop.
The tested products showed a favorable influence on sunflower seeds production by stimulating the accumulation of
biomass and increasing the number of seeds/capitulum. The obtained results showed significant production yields,
statistically insured.
Key words: foliar fertilizers , protein hydrolysates, sunflower crop.

INTRODUCTION

will be easier absorbed by plants (Patent US
4169717/1979; Patent US 0062181/2009).
Protein hydrolisates by-products of vegetal or
animal origin with bio stimulating effect have a
large action range and influence, beside growth
and development processes, biochemical
processes as: germination, buds, tubers, and
bulbs germination, photosynthesis rate, water,
raw and elaborated sap circulation, inorganic
and organic substances absorption and
transport, stomas movement, leaves, flowers,
and fruits falling resistance, blooming and
insemination, plants resistance in climatic and
technologic stress conditions (Sîrbu et al.,
2011).
To prevent the separation of meso and
microelements in N, P, K solutions, substances
that enhance the mobility in plant tissues and
form chelates/stable complexes (i.e. EDTA,
DTPA, EDDHA, HEEDTA, C6H8O7, C4H6O6,
C6H12O7, C4H6O4, polyphosphates, lignosulfonates, humates, amino acids) are
used
(Mihalache et al., 2015).
The relative efficacy of these fertilizers is
determined by the rate and size of nutrient
transport in plant (Cioroianu et al., 2009).

Worldwide is observed a rapid development of
organo-mineral and organic fertilizers industry
(with extraroot/foliar or root application),
especially of those that contain products
derived from protein hydrolysates of plant or
animal origin, algae extracts and plants, natural
or synthetic chemicals with biostimulation role,
chelates or metal complexes (Mihalache et al.,
2016).
Organic substances, such as: protein
hydrolysates of animal origin (composed of
peptides, ureide and amino acids -glycine,
alanine, phenylalanine, proline, asparagine,
glutamine, arginine, histidine, lysine, serine,
threonine, valine) and protein hydrolysates of
vegetal origin (algae extracts) can be
successfully used to obtain new fertilizers
formulas (Mihalache et al., 2014).
These natural protein hydrolysates are
embedded in different NPK matrix that contain
meso and microelements, i.e. Fe, Cu, Zn, Mn,
Mg, S, Co, Mo, resulting thus a variety of foliar
fertilizers (Sîrbu et al., 2009). Thus, chelate
compounds of macro- and meso-elements (Fe,
Cu, Zn, Ca, Mg, Mn) with hydrolyzed proteins
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sources for agricultural plants in the frame of
sustainable agriculture.

Raising the soil productive potential.

Agricultural yields and environment
ecologic protection.

Productive and energetic efficiency of a
new ecologic fertilizers assortment.

Productive and energetic efficiency of
some natural bio stimulants.

Fertilization
influence
upon
productivity and quality indexes and upon
photosynthetic assimilation and mineral
nutrition.

These new fertilization formulas can be used
both in conventional and organic agriculture,
especially to protect crops against stress factors
or climatic accidents, prevent and control
nutritional deficiency (Sîrbu et al., 2012).
Large ranges of organic mineral fertilizers are
produced and traded in the European Union
that contain protein fractions with variable
molecular weight, a certain amino-acids
sequence and a certain free amino-acids
percentage or substances that can create
chelates with use in certain stages of vegetal
growth as organic substance (Cioroianu et al.,
2011).
CE 2003/2003 Regulation regarding chemical
fertilizers makes no mention of chemical
fertilizers that also include in their structure
organic substances with phyto-adjusting role.
The European Union member states have their
own regulations in this field taking into account
that these products can also address to organic
agriculture (Cioroianu et al., 2012).

A. Experimental fertilizers
The foliar fertilizers obtained at laboratory
scale by adding protein hydrolysates in a NPK
with meso and microelements matrix, are
presented as folows:
 NUTRIFERT - a fertilizer with a classic
NPK with meso and micronutrients matrix.
 NUTRIFERT-ECO - a fertilizer with a
NPK with meso and micronutrients matrix
embedded with protein hydrolysate of vegetal
origin, suitable for organic farming.
 NUTRIFERT PLUS - a fertilizer with a
NPK with meso and micronutrients matrix
embedded with protein hydrolysate of animal
origin.
The steps performed in order to obtain the
foliar fertilizers are listed below:
- Establishing the fertilizer composition and
selection raw materials.
- Identification
of
organic
substances
(animal/vegetal origin) sources that can be used
as raw materials in the production of fertilizers
by embedding in a complex NPK matrix.
- Characterization of the fertilizers.
- Establishing the laboratory scale process flow
diagrams, as well as the operating parameters.
- Establishing the analytical control over
process phases and the final product.
- Control and validation of the lab scale
technology.
- Ferilizers samples for physico-chemical
characterization and agrochemical field trials.
The process flow diagram used to obtain the
foliar fertilizers investigated in this study is
illustrated in Figure 1.

MATERIALS AND METHODS
The agrochemical testing of the fertilizers
experimentally obtained was carried out in the
National Fertilizers Agrochemical Testing
Network according to „Order 6/22/2004 for the
acknowledgment of the Regulation regarding
the organization and activity of the
Interministerial Commission for new fertilizers,
soil amendments, and nutrients authorization”,
in order to register them in the fertilizers list
with the RO-ÎNGRĂŞĂMÂNT mention for use
and trade in Romania.
The agrochemical tests unfold in the frame of
some single factor experiments with products
applied on leaves and in soil in course of
homologation for Romania agriculture, with
experimental variants randomly disposed in
four replicates. Three fertilizers with extraradicular application experimentally obtained
were agro chemically tested in view of their
authorization,
namely:
NUTRIFERT,
NUTRIFERT-ECO, and NUTRIFERT PLUS.
The research activities (in 2013-2014 and 2014 2015 seasons) aimed at:

Study of some un-conventional and
non-polluting products behavior as nutrients
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H3PO4
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MnSO4 ∙ H2O
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EDTA and citric acid

ZnSO4 ∙ 7H2O

UREA

COMPLEXATION
MIXING

FILTRATION

NUTRIFERT
NUTRIFERT-ECO
NUTRIFERT PLUS

Figure 1. Process flow diagram for the foliar fertilizers

In Table 1 lists the chemical characteristics of the tested fertilizers.
Table 1. Chemical composition of the fertilizers
Composition

Total nitrogen, N
Phosphorus, P2O5
Potassium, K2O
Boron, B
Cobalt, Co
Copper, Cu
Iron, Fe
Magnesium, Mg
Manganese, Mn
Molybdenum, Mo
Sulfur, SO3
Zinc, Zn
Protein hydrolysate of
animal origin
Amino acids
Protein hydrolysate of
vegetal origin

NUTRIFERT

NUTRIFERT PLUS

Estimated

Determinated
value

Estimated

Estimated

Determinated
value

120
70
60
0.30
0.01
0.20
0.50
0.25
0.30
0.01
2.50
0.15

122.51
69.42
60.28
0.31
0.001
0.24
0.52
0.26
0.32
0.01
3.25
0.14

120
70
60
0.30
0.01
0.20
0.50
0.25
0.30
0.01
2.50
0.15

(g/L)
121.60
71
61.60
0.28
0.01
0.21
0.48
0.24
0.28
0.01
3.05
0.13

215

216.79

0.15
0.005
0.15
0.30
0.25
0.20
0.005
1.10
0.10

0.20
0.005
0.12
0.35
0.22
0.18
0.005
1.70
0.11

-

-

13.70

13.70

-

-

-

-

0.64

0.64

10.50

10.50

-

-

-

-

277

277
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Determinated
value

NUTRIFERT-ECO

B. Location and experimental design
In 2013-2014 the fertilizers were tested to
sunflower crop (LG 5412 Hybrid). The
experiments were arranged in randomized
block design, using four replicates and nonfertilized soil. The field trials regarding the
efficiency and role of fertilizers were held at
USAMV Iași Didactic and Experimental
Station (Ezăreni field Farm) on non-fertilized
soil, N0P0K0.
In An East forest steppe ecologic context with
excessively doughty estival season, arid
autumns, and frosty winters with cold and dry
winds predominantly from the Russian steppe
the Haplic Chernozem and Hortic Anthrosol
from USAMV Iaşi (Ezăreni field Farm) fertility
potential is high.
Some restrictive characteristics are highlighted,
limitative through excess or low values, such
as: fine texture, air porosity medium in field
and low in the solariums (in the first 40 cm and
pronounced decrease on the 40-60 cm depth),
and also the hard estival consistence below
20 cm depth (especially in the solariums where
the soil is very battered between the rows).
The weather conditions of the 2014 spring and
summer ensured the normal growth of field
crops and superior yielding because hail and
estival drought periods were absent in the area.
September was doughtier (10.0 mm) as
compared to the multiannual average
(43.3 mm).
In 2014-2015 the fertilizers were tested in
comparison to a NP matrix (Control) by foliar
application to sunflower crop (Performer
variety) at Agricultural Research and
Development Station Teleorman (SCDA
Teleorman), Drăgănești-Vlașca commune,
Teleorman County. The trials consisted in one
factor experiments established in a randomized
block design with four replicates compared
with a fertilised control, N80P80. The fertilizers
were tested to sunflower crop, hybrid
Performer.
SCDA Teleorman stands in the western part of
the Burnas Plain, in a transit area between
steppe and forest steppe, map references:
44°07’ Northern Latitude and 25°45’ Eastern
Longitude, at an 80 m altitude.
The relief is represented by a rolling plain, with
declivitous or plane surfaces where saucers
form in years with much waterfall.

Groundwater depth is 1.5-10.0 m; the highest
levels are in March – May and the lowest in the
beginning of the winter.
The climate is temperate – continental subject
of the influence of Southern warm air masses
and of the Eastern ones, with warm summers
and cold winters. The dominant warm and dry
winds affect agricultural crops normal growth.
The vegetation concords with the plain area
and is represented by associations of Festuca
valessiaca,
Artemisia
pontica,
Stipa,
Agropyron cristatum, Poa bulbosa, Sorghum
halepense, Solanum nigrum, Cirsium arvense,
Veronica hederifolia etc.
The weather experimental conditions for
sunflower in the October 2014 – August 2015
period were characterized by a total rainfall
excess (156.9 mm as compared to 515.5 mm
multiannual average) and average temperature
increase with 1.5°C. The excess rainfall of
October - December 2014 and March 2015
created a dampness excess in soil upon spring
coming, water bogging at soil surface and lead
to seeding delay.
The soil on which tests took place is a Haplic
Chernozem formed on loess deposits, sandy
clay-loam. Soil texture is silty clay; a 45-50%
clay content is registered in the 0-40 cm layer
with a growing inclination between 40 and 80
cm which reduces soil permeability and the
natural drainage implicitly. The shallow
groundwater also contributes to soil
permeability worsening. These characteristics
contribute to compactness increase, ploughing
resistance increase, thus hindering agricultural
works for spring crops, including sunflower,
especially in the periods with higher rainfall.
C. Treatments
- The fertilizers were applied in 2 treatments:
on (6-8) leaves and 14 days after the first
treatment.
- Application (spraying): 2.5 l/ha fertilizer in
500 l water (0.5 % concentration).
- The experiments were carried out in a
randomized block design using 18 variants and
4 replicates.
- Maintenance works (at SCDA Teleorman):
plowing 29 to 31 cm in autumn; application of
400 kg/ha 20:20:0 (N80P80) fertilizer complex
in the spring; immediately after sowing 1 l/ha
Frontier herbicide was applied.
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- Maintenance works (at Ezăreni field Farm,
USAMV Iași): weed control through 4 manual
hoeing in the solariums, on the plants row;
mechanic ploughing and hoeing works, as well
as manual hoeing at the field crops; the disease
and pest control was done upon approval.

Productive efficiency
The sunflower crop production at Development
Station Teleorman was affected by the
alternating periods of excess rainfall and
drought, reaching 2445-3000 kg/ha. The
efficacy of experimental foliar fertilizers on
sunflower crop, Performer Hybrid is presented
in Table 2.

Table 2. The efficacy of foliar fertilization on sunflower crop, Performer Hybrid
(Development Station Teleorman, 2014 – 2015)

N80P80

NUTRIFERT
+
N80P80

NUTRIFERT PLUS
+
N80P80

NUTRIFERT-ECO
+
N80P80

2445

2975

3083

2772

kg/ha

-

530

638

327

%

100.0

121.7

126.1

113.4

Control

Sunflower production
(kg/ha)
Yield

LSD5% 183 kg/ha
LSD1% 245 kg/ha
LSD0.1% 323 kg/ha

From Table 2 it can be noticed that
NUTRIFERT PLUS contributed to the increase
of seed production with 638 kg/ha - 126.1%;
NUTRIFERT with 530 kg/ha - 121.7%, and

LSD5% 183 kg/ha
LSD1% 245 kg/ha
LSD0.1% 323 kg/ha

LSD5% 183 kg/ha
LSD1% 245 kg/ha
LSD0.1% 323 kg/ha

NUTRIFERT-ECO contributed to the increase
of seed production with 327 kg/ha - 113.4%.
These values correspond to very significant
production yields.

Table 3. Physiological and productivity characteristics obtained for sunflower crop, Performer Hybrid
(Development Station Teleorman, 2014-2015)
Variant

Dry biomass
(kg/ha)

No.
capitulum/ha

No.
seeds/capitulum

MMB
(g)

MH
(kg)

N80P80 (Control)

7106

52380

1344

34.8

58.1

9489

48809

1750

34.9

62.0

8948

48809

1645

34.9

60.2

10040

47619

1810

35.6

63.3

N80P80
+
NUTRIFERT
N80P80
+
NUTRIFERT-ECO
N80P80
+
NUTRIFERT PLUS

influenced the increase of sunflower crop
production by: stimulating the accumulation of
biomass with 2383 kg/ha, increasing the
number of seeds/capitulum with 406, of MMB
with 0.1 g, and of MH with 3.9 kg;
NUTRIFERT-ECO fertilizer influenced the
increase of sunflower crop production by:
stimulating the accumulation of biomass with
1842 kg/ha, increasing the number of

Physiological and productivity
characteristics
From Table 3 it can be observed that:
NUTRIFERT PLUS product influenced the
increase of sunflower crop production by:
stimulating the accumulation of biomass with
2934 kg/ha, increasing the number of
seeds/capitulum with 466, of MMB with 0.8 g,
respectively of MH with 5.2 kg; NUTRIFERT
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seeds/capitulum with 301, of MMB with 0.1 g,
and of MH with 2.1 kg.
The productive and energetic efficiency of
foliar fertilization on sunflower crop at Ezăreni
field Farm (USAMV Iași) is presented in Table
4. For sunflower crop (LG 5412 Hybrid), the
non fertilized control production (2085 kg/ha)
was obtained with an energy input of
4130 Mcal/ha resulting in a total output
production of 11801 Mcal/ha. The energy
balance for the control variant was 7671

Mcal/ha. As a result of foliar fertilization, the
energy indicators exceeded the allocated ones,
leading to very significant energy yields in
comparison to the control variant (N0P0K0):
1777 Mcal/ha (23.16%) for NUTRIFERT
fertilization, respectively, 1937 Mcal/ha
(25.25%) for NUTRIFERT PLUS. It was
noticed that all fertilizers tested on sunflower
crops provided very significant production
yields.

Table 4. Productive and energetic efficiency of foliar fertilization to Sunflower crop, Hybrid LG 5412
(Ezăreni field Farm, 2013 - 2014)
Experimental
variants
Control N0P0K0
NUTRIFERT
0,5%
NUTRIFERTECO
0,5%
NUTRIFERT
PLUS
0,5%

Average
production
(kg/ha)

Productive efficiency
(kg/ha)
Dif.
%
Significance

Output

Input

Energetic efficiency
(Mcal/ha)
Balance Dif.
%

Significance

2085

-

100

-

11801

4130

7671

-

100

-

2782

697

33.45

xxx

15746

6298

9448

1777

23.16

xxx

2813

728

34.92

xxx

15921

6368

9555

1882

24.53

xxx

2829

744

35.71

xxx

16012

6404

9608

1937

25.25

xxx

LSD5% 301 kg/ha
LSD1% 415 kg/ha
LSD0.1% 527 kg/ha

CONCLUSIONS

LSD5% 652 Mcal/ha
LSD1% 987 Mcal/ha
LSD0.1% 1318 Mcal/ha

concerns the energy and the crops as a result of
foliar fertilization.
NUTRIFERT fertilizer, applied in dosages of
2.5 l/ha in 2 treatments on a fertilized soil
(N80P80), led to a production yield of 530 kg/ha
for sunflower.
NUTRIFERT ECO fertilizer, applied in
dosages of 2.5 l/ha in 2 treatments on a
fertilized soil (N80P80), led to a production yield
of 327 kg/ha for sunflower.
The organic substances fertilizers led to the
improvement of the photosynthetic assimilation
process and to the increase of the productive
and energetic efficiency.
The foliar fertilization with these products have
positively influenced by the quality indicators,
such as assimilatory pigment content and
macronutrient content of the NPK of the leaf,
emphasizing the positive application of these
products on plant metabolism.
NUTRIFERT PLUS fertilizer obtained the
license
(No.
769/2016)
and
ROÎNGRĂȘĂMÂNT label for agriculture use in
Romania.

The weather conditions of 2014-2015
agricultural
year/season
were
partially
favorable for sunflower crop in southern
Romania affected by alternating periods of soil
wetness followed by atmospheric and soil
drought.
The new developed foliar fertilizers, obtained
using NPK with meso and microelements
matrix and embedded with organic substances,
were effectively exploited by sunflower crop.
The products tested in this study,
NUTRIFERT, NUTRIFERT PLUS and
NUTRIFERT-ECO showed a favorable
influence on the sunflower seeds production
and led to significant statistically insured yields
(20% - 40%).
The outcome energy indicators (OUTPUT and
energy balance) showed higher values than
those of INPUT, resulting thus significant
yields as
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Abstract
Pakistan is one of the developing countries and major portion of its economy depends on agriculture. The study aim
was to identify the different factors affecting the adoption of Bt cotton and analysis of paradigm shift from Non-Bt to Bt
cotton in tehsil Jatoi of Muzaffargarh district, which provided a guideline for extension organizations to develop better
strategies in future for effective extension work towards Bt cotton production. The data were collected from 120 Bt
cotton growers through random sampling technique. The data were analyzed through Statistical Package for Social
Sciences (SPSS). Descriptive statistics such as frequencies, percentages, means, standard deviations and rank order
were used for interpretation of the data. The study revealed that maximum respondents were belonging to the middle
age group, agriculture and livestock farming were their source of income and their maximum cultivation was under
Non-Bt cotton. Cotton growers were highly dependent on pesticide companies for agricultural information. The higher
crop yield was the major factor which shifted the farmers to grow Bt cotton. Unapproved Bt, high fertilizer requirement
and non-availability of seed were the threatening factors being faced in Bt cotton cultivation, ranked at medium scale.
Opportunities of less use of pesticides, increase in production and net annual income, reduction in health hazards, less
cost of production and availability of certified seeds was generated by the cultivation of Bt cotton, was recorded at
medium scale.
Key words: cotton, Bt and Non-Bt, paradigm shift, adoption, factors.

INTRODUCTION

Rahim Yar Khan, Vehari, Bahawlanagar,
Multan, Rajanpur, Bahawalpur and Dera Ghazi
Khan. Its production was 5% less than the
target of 13.36 million bales mainly due to the
shortage of irrigation water, less use of DAP in
the cotton crop, attack of Cotton Leaf Curl
Virus (CLCV), mealy bug and white fly on the
crop and last picking of it was affected due to
higher prices of wheat announced by the
government (Govt. of Pakistan, 2013). Pakistan
is the largest exporter of cotton material such as
(cotton fabric, cotton yarn and other items,
manufactured of cotton) to the USA and other
countries of the world. The statistical analysis
showed that cotton has importance in Pakistan

Pakistan is one of the developing countries and
major portion of its economy depends on
agriculture. About 70.5% of the population of
Pakistan are involved directly or indirectly in
the agriculture industry. It contributes almost
21% to GDP of Pakistan. Cotton accounts for
8.6% of the value added in agriculture and
about 1.8% to GDP. The crop was sown on the
area of 3106 thousand hectares during growing
season of 2012, 10.1% more than previous year
(2820 thousand hectares) (Govt. of Pakistan,
2013). The main cotton growing districts in the
Punjab province are Muzzaffargarh, Lodhran,
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Economy (Shafiq-ur-Rehman, 2009).
Punjab and Sindh are two major cotton
producing provinces in the country. The share
of Punjab in the production is about 80% and
the contribution of Sindh is about 20%. The
share of other provinces like Baluchistan and
Khyber Pakhtunkhwa is very low as compared
to Punjab and Sindh provinces (Govt. of
Pakistan, 2013). Biotechnology is playing a
vital role in the cotton industry, the Bt
technology is providing the varieties of high
yield (Gandhi and Namboodiri, 2006). Bt
cotton showed some problems in the local
environment, to solve these issues government
start Bt breeding programs. These breeding
programs conducted various trials by sowing
different varieties of Bt and non-Bt cotton on
experimental basis, with different variations.
Resultantly, they developed variety of seed Bt
cotton, which could be survived at high
temperature and low water with high yield. It
has been noticed that these locally developed
varieties according to local environment
showed better results, and suggested to cotton
growers to grow these locally developed Bt
varieties (Mahmood and Farooq, 2011).
The Bt cotton was adopted in Pakistan mainly
due to requiring less number of sprays and high
productivity. The average yield of Bt cotton is
23-28 mounds per acre as compared to
conventional cotton, which is 17-20 mounds
per acre (Abid, 2010). The small farmer
reported the main reason of the adoption of Bt
cotton was high yield. When they analyzed the
data, it was revealed that the adoption of Bt
cotton was due to three main reasons, one it
reduced the pesticide application, second it
increased the seed cost and the third main
reason of the adoption of Bt cotton was its high
yield (Gouse et al., 2002). Subramanian and
Qaim (2008) studied the impact of Bt cotton on
poor households in rural India. They focused
on insect resistant Bacillus thuringiensis (Bt)
crops, especially Bt cotton. Bt technology had
been adopted by a large number of farmers in
the world. Data were collected from Kanzara
village which was located in Akola district of
Maharashtra the state with the largest area
under cotton in India. They used a
microeconomic modeling approach and
comprehensive household survey data. Study
showed that the farmers got a number of

benefits from Bt cotton in which some were
insecticide savings, higher yields through
reduced crop losses, and net revenue gains, in
spite of higher seed prices. This study also
showed that Bt cotton entails positive direct
and indirect welfare effects in the rural
economy. The study concluded that Bt cotton
contributes to poverty reduction and rural
development.
Cotton production in Pakistan faces a rising
occurrence of diseases and insect’s attack. In
Pakistan agriculture is particularly susceptible
to pest invasion and climatic extremes because
of their capacity to stand any form of financial
risks (Farooqi, 2010; Ahmad et al., 2016;
Bakhtavar et al., 2015). While on the other side
the cultivation of Bt cotton at a commercial
level have gained importance, in terms of
reduced pesticide use and costs and higher
yields (Qaim and Matuschke, 2005). There are
many extension organizations working in
Pakistan for the introduction of Bt cotton
among the farmers. However, despite all
efforts, farmers have not been adoptedto Bt
cotton as desired by the extension
organizations. A conventional cotton profit is
reduced because of pesticide cost and insect
attack losses. While in case of Bt cotton the
pesticide costs and losses by pest attack were
reduced. Keeping in view all these facts, the
present study was designed for analysis of
paradigm shift from Non-Bt to Bt cotton in
tehsil (local administrative division) Jatoi. The
objective of the study was to identify the
different factors affecting the adoption of Bt
cotton, which provides a guideline to extension
organizations to develop better strategies in
future for effective extension work towards Bt
cotton production.
MATERIALS AND METHODS
The district Muzzafargarh (Punjab province) is
about 34 km away from Multan cross, the river
Chenab on its’ east. It comprises of four tehsils
namely Muzaffargarh, Ali pur, Kotaddu and
Jatoi. Most of the area in tehsil Jatoi is canal
irrigated. The climatic conditions of this area
are suitable for successful in cotton cultivation.
The basic objective of this research project was
to conduct an analysis of paradigm shift from
Non-Bt to Bt cotton in tehsil Jatoi. All the Bt
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and Non-Bt cotton farmers of this area were
considered as the population of the study. The
sample of the population was limited to 120 Bt
cotton growers selected through random
sampling technique. Four union councils (UCs)
were selected randomly from the total 16 rural
union councils. From each randomly selected
rural union council, two villages were selected
randomly. From each selected village, 15 Bt
cotton growers were selected randomly. So, the
total sample size of the respondents was
consisted of 120 and the study was performed
in the year 2014. The questionnaire formulated
in Urdu language according to the requirement
of the research objectives. But at the time of
interview local language was used to ask the
question from the respondents. The data were
analyzed with the help of Statistical Package
for Social Sciences (SPSS). Descriptive
statistical such as frequencies, percentages,
means, standard deviations and rank order were
used for interpretation of the data. In order to
know the relative ranking of various factors,
their weighted scores were calculated by
multiplying the score value allotted to each
category of the scale with frequency count.
Means were calculated as sum of values
divided by number of observations. Then,
factors were ranked taking their mean value
into consideration.

illiterate. Among the literate respondents,
23.3% of them who had primary level.
However, 20.0% of the respondents were up to
secondary and higher secondary, respectively.
An analysis of the above data signified that
quite a good number (30.0%) of the
respondents were educated (Table 1). These
results were also more or less similar to that of
Arshad (2007) who found that 58% of the
respondents were illiterate, 14% of them had an
education level up to primary and 11% of the
respondents had up to the middle level of
education. While, 8% and 9% of the
respondents were matriculation and above
matriculation.
Table 1. Distribution of respondents according to their
age and education
Age
(Years)
Up to
35

Respondents
%

Education

Respondents
%

27.5

Illiterate

26.7

36-50

47.5

Above
50

25.0

Up to
Primary
PrimaryMiddle

23.3
30.0

Matriculation
20.0
and above
Total
100.0
Source of income and area under cotton crop
Area under
Source
Respondents
cotton
Respondents
of
%
cultivation
%
income
(acres)
Crop
10
Up to 12.5
51.7
farming
Crop and
livestock
90
13-25
28.3
farming
Total
100
Above 25
20.0
Total
100.0
Total
100.0
Total

RESULTS AND DISCUSSIONS
Survey results showed that less than half
(47.5%) of the respondents were middle aged,
followed by old (25%) and 27.5% respondents
were young (Table 1). It means that nearly
about half of the respondents related to the
middle aged category. These results are more
or less similar to those of Gangil and Dabos
(2005) who reported that 44.5% of the
respondents fell middle age (35-50 years)
category, whereas 25% and 31.8% belonged to
young and old age categories respectively.
Many research studies have confirmed that
education plays a vital role in the adoption
process because it is easy to understand and
getting acquired information by educated
person than the illiterate one (Muro and Burchi,
2007; Fiaz et al., 2016). Table 1 also indicated
that 30.0% of the respondents were primary to
middle educated, and 26.7% of them were

100.0

Results also showed that 51.7% of the
respondents had up to 12.5 acres area under
cotton, whereas 28.3% of the respondents
having 13-25 acres under cotton cultivation,
and 20.0% of the respondents were cultivating
more than 25 acres of cotton (Table 1).
According to the source of income the results
showed that a large majority of the respondents
(90%) had their source of income mainly from
crop and livestock farming, followed by 10%
of the respondents having crop farming as their
sources of income. A small number of farmers
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were dependent on agriculture and service as
their sources of income.
In Table 2 results showed that 42.5% of the
respondents cultivated the Bt cotton and 75%
were with Non-Bt cotton under the area of up
to 5 acres, 30.0% of the respondent were Bt
cotton growers and only 8.3% of the
respondents were growing Non-Bt cotton under
the area of 5 to 10 acres. Whereas, 27.5% of
the respondents growing the Bt cotton and
15.8% of the respondents were growing NonBt cotton under the area of more than 10 acres.

Table 3 describes the distribution of respondent
according to the source of information. Data
showed that the level of dependency on
pesticide companies were high (37.5%) to
medium (35.8%) and ranks first with mean and
standard deviation of 3.31 and 0.90,
respectively. Only 10% respondents showed
very high level of confidence on pesticide
companies regarding source of information and
10% respondents out of 120 respondents didn’t
show their interest. Respondents that had got
information from their neighbors or fellow
farmers ranked 2nd in rank order with the mean
3.31 followed by progressive farmers,
agricultural department (Extension) and
pesticide dealers, that were ranked 3rd, 4th and
5th with the means 1.93, 2.72 and 2.37,
respectively.

Table 2. The area cultivated under Bt and on Bt cotton
Area
(Acres)
Up to 5
5.1-10
Above 10
Total

BT Cotton
Respondents (%)
42.5
30.0
27.5
100.0

Non-BT Cotton
Respondents (%)
75.8
8.3
15.8
100.0

Table 3. Distribution of the respondents according to their sources of information
Level of dependency (%)
Source of information

Very
low

Low

Medium

High

Very
High

No
response

Mean

Std.
Deviation

Ranks
order

Pesticide companies
Fellow farmers
Progressive farmers
Agriculture Department
Pesticide dealers
NGOs
Newspapers
Television
Fertilizer companies
Radio
Fertilizers dealers
Internet
Mobile

0.0
3.3
6.7
6.7
22.5
15.0
22.5
40.8
15.0
35.8
19.2
14.2
44.2

6.7
10.8
24.2
10.8
31.7
33.3
25.0
25.0
37.5
30.0
40.8
23.3
28.3

35.8
39.2
30.0
25.8
14.2
24.2
13.3
17.5
3.3
9.2
0.0
1.7
10.0

37.5
32.5
22.5
3.3
15.0
3.3
2.5
3.3
3.3
2.5
3.3
1.7
0.0

10.0
6.7
13.3
3.3
3.3
0.0
3.3
3.3
0.0
2.5
0.0
0.0
0.0

10.0
7.5
3.3
50.0
13.3
24.2
33.3
10.0
40.8
20.0
36.7
59.2
17.5

3.31
3.31
1.93
2.72
2.37
2.21
1.59
1.82
2.72
1.92
2.37
1.78
1.80

0.90
0.90
1.07
1.01
1.16
0.81
0.70
0.97
1.01
0.73
1.16
0.71
0.69

1
2
3
4
5
6
7
8
9
10
11
12
13

Respondents did not fully dependent on a
single source of information regarding Bt
cotton technology, but they got it from multiple
sources. High (32.5%) to medium (39.2%)
level of dependency has been found in fellow
farmers, but in case of progressive farmers
medium (30.0%) to low (24.2%) dependency
level was found. This might be due to
unavailability of approach for progressive
farmers to small or poor farmers. Agricultural
department (Extension) showed very poor
performance in delivering Bt cotton technology
information. Only 25.8% respondents were
showed a medium level of dependency on
agriculture department and 50% respondents

were refused to answer the question. This
might be due to poor or lack of knowledge
about Bt cotton technology information
delivered by the extension agents. The need is
to give the training on Bt cotton technology to
extension agents that should help the farmers.
Respondents also showed low (31.7%) to very
low (22.5%) dependency levels on pesticide
dealers for Bt cotton technological information
and ranked at 5th on rank order with 2.37 mean
and 1.16 standard deviation values. While
electronic and print media received lowest
number on rank order that indicates
respondents did not had access to these
technologies. This might be due to the poor
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financial situation of the respondents that kept
them away from source of advanced
information (Muddassir et al., 2016).
Table 4 described the respondent’s reason for
shifting from Non-Bt cotton to Bt cotton. The
maximum respondents shifted from Non-Bt to
Bt cotton variety for their higher yields. High
yields ranked 1st on rank order. The
dependency level was found high (49.2%) and
tends toward medium (27.5%) with 3.43 as
mean and 0.92 as standard deviation,
respectively. The optimum pesticide use was
ranked 2nd and respondents showed high
(45.8%) level of dependency with mean and

standard deviation of 3.39 and 0.92,
respectively, followed by insect/pest control
and resistivity against bollworm in Bt cotton
than Non-Bt. Respondents also showed
medium (58.3%) level dependency on plant
height and it ranked 5th with mean and standard
deviation of 3.20 and 0.88, respectively. Other
factors such as less irrigation, multiple harvest,
growth rate and high potential ranked 15th,
14th,13th and 12th with means 2.84, 2.89, 2.90
and 2.99, respectively. The level of dependency
was also in medium categories, indicated that
these factors did not seriously contribute to
shift from Non-Bt to Bt cotton.

Table 4. The distribution of the respondents according to factors which shifted them to grow Bt cotton instead of
non Bt cotton
Level of dependency (%)
Factors
High yields
Optimum pesticide use
Insect/ pests control
Resistance variety
Plant height
Good quality of seed
Low cost of inputs
Farm income raise
Number of boll
Production increase
More profit
High potential
Growth rates
Multiple harvesting
Less irrigation requirement

Very
low

Low

Medium

High

Very
High

No
response

Mean

Std. Deviation

Rank
Oder

3.3
3.3
3.3
3.3
3.3
5.0
4.2
6.7
3.3
4.2
7.5
3.3
7.5
6.7
3.3

13.3
13.3
16.7
16.7
10.8
9.2
16.7
17.5
10.0
22.5
20.0
25.0
20.0
20.8
20.0

27.5
30.8
32.5
35.0
58.3
56.7
40.8
35.8
54.2
40.0
39.2
47.5
50.8
55.8
62.5

49.2
45.8
37.5
35.0
17.5
25.0
34.2
36.7
25.8
28.3
30.0
17.5
18.3
10.0
7.5

6.7
6.7
10.0
10.0
10.0
4.2
4.2
3.3
3.3
5.0
3.3
6.7
3.3
6.7
3.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.3
0.0
0.0
0.0
0.0
0.0
3.3

3.43
3.39
3.34
3.32
3.20
3.17
3.17
3.13
3.12
3.07
3.02
2.99
2.90
2.89
2.84

.92
.92
.98
.98
.88
.78
.88
.97
.81
.90
.97
.91
.90
.91
.74

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

It is evident from the data given in Table 5, that
high seed rate, non-availability of seed and
high requirements of fertilizer were ranked 1st,
2nd and 3rd on the basis of threats. They fell
between high and very high category but
inclined towards high category with mean
values of 2.99, 2.98 and 2.97, respectively on
the basis of threats. Un-approved Bt cotton

variety, save anti-law methods and lack of
knowledge about Bt technology were in
between low and medium category but inclined
towards low category having mean values of
2.92 and 2.76 and 2.57, respectively. Climatic
variations (temperature, humidity and wind)
inclined towards low category with mean
values of 2.35, respectively.

Table 5. Distribution of the respondents according to the threats which they are facing in Bt cotton cultivation
Threats
High seed rate
Non availability of seed
High fertilizer requirements
Un-approved Bt verities
Save anti-law methods
Lack of Bt technology
Climatic variations

Very
low
3.3
0.0
5.0
4.2
14.2
6.7
14.2

Low

Medium

High

15.0
21.7
20.8
17.5
20.8
10.0
35.8

33.3
46.7
50.8
54.2
43.3
15.0
40.0

14.2
13.3
20.0
10.8
18.3
6.7
3.3
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Very
High
3.3
3.3
3.3
3.3
3.3
0.0
0.0

No
response
30.8
15.0
0.0
10.0
0.0
61.7
6.7

Mean
2.99
2.98
2.97
2.92
2.76
2.57
2.35

Std.
Deviation
0.90
0.76
0.83
0.79
1.02
0.98
0.78

Rank
order
1
2
3
4
5
6
7

opportunities, reduction in health hazards and
increase in net annual income were in between
low and medium category, but inclined towards
low category having mean values of 3.08 and
3.00, respectively. Reduction in pesticide
applications and less cost of production
inclined towards low category with mean
values of 2.99 and 2.98, respectively. On the
basis of opportunities, availability of certified
seeds’ mean value of 2.24 showed that it
inclined towards very low category.

As Bt cotton comprises of endogenous
insecticidal protein to kill insect, so it reduced
the number of sprays and cost of production,
that ultimately alleviating the poverty of the
rural people. It is evident from the data given in
Table 6 that reduction in pest infestation and
increase in production were ranked 1st and 2nd
on the basis of opportunities and fell between
high and very high category but inclined
towards high category with mean values of
3.34 and 3.20, respectively on the basis of

Table 6. Distribution of the respondents according to the opportunities in Bt cotton cultivation
Opportunities
Reduced pesticides
applications
Increase in production
Reduction in health hazards
Increase in net annual income
Less cost of production
Availability of certified seed

Very
low

Low

Medium

High

Very
High

No
response

Mean

Std.
Deviation

Rank
order

0.0

27.5

42.5

26.7

0.0

3.3

3.34

0.92

1

5.0
4.2
0.0
3.3
3.3

10.0
23.3
16.7
16.7
14.2

53.3
40.8
70.0
61.7
22.5

23.3
25.0
9.2
15.0
11.7

8.3
6.7
4.2
3.3
6.7

0.0
0.0
0.0
0.0
50.0

3.20
3.08
3.00
2.98
2.24

0.86
0.95
0.64
0.77
0.96

2
3
4
6
7

CONCLUSIONS
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The study aim was to identify the different
factors affecting the adoption of Bt cotton and
analysis of Paradigm shift from Non Bt to Bt
cotton in Tehsil Jatoi. It was concluded that
cotton growers were highly dependent on
pesticide companies for obtaining agricultural
information. The higher crop yield was the
major factor which shifted the farmers to grow
Bt cotton. Unapproved Bt, high fertilizer
requirement and non-availability of seed were
the threatening factors facing in Bt cotton
cultivation. Opportunities of less use of
pesticides, increase in production and net
annual income, reduction in health hazards, less
cost of production and availability of certified
seeds were found to be the main shifting
drivers of Bt cotton. Results suggested that
extension organizations should develop better
strategies in future for effective extension
services towards the Bt cotton production.
REFERENCES
Abid M., 2010. Productivity difference of Bt cotton on
different farm sizes Unpublished thesis of M.sc
(Hons) Agricultural Economics, University of
Agriculture Faisalabad.
Ahmad W., Noor M.A., Afzal I., Bakhtavar M.A.,
Nawaz M.M., Sun X., Zhou B., Ma W., Zhao M.,

171

Gangil D., Dabos Y.P.S., 2005. Effect of socio-economic
variables on the level of knowledge and training
needs of livestock. Kurukshetra, 53(4): p. 11-15.
Gouse M., Kirsten J.F., Jenkins L., 2002. Bt Cotton in
South Africa: Ado ption and the impact on farm
incomes amongst small-scale and large scale farmers
Working paper. 2002-15.
Mahmood A., Farooq J., 2011. Introgression of desirable
characters for growing cotton in Pakistan. Cotton
research institute, Ayub agriculture research
Faisalabad, Pakistan.
Muddassir M., Jalip M.W., Noor M.A., Zia M.A.,
Aldosri F.O., Zuhaibe AuH., Fiaz S., Mubushar M.,
Zafar M.M., 2016. Farmers’ Perception of Factors
Hampering Maize Yield in Rain-fed Region of Pind
Dadan Khan, Pakistan. Journal of Agricultural

Extension, 20(2): 1-17. http://dx.doi.org/10.4314/
jae.v20i2.1
Qaim M., Matuschke I., 2005. Impacts of Genetically
Modified crops in developing countries: A survey,
Quarterly Journal of International Agriculture, 4(15):
p. 207-227.
Shafiq-ur-Rehman M., 2009. Agriculture biotechnology
annual: Islamabad, Pakistan (Gain Report No.
PK9012). Washington, DC: USDA Foreign
Agriculture Service, Global Agricultural Information
Network (GAIN).
Subramanian A., Qaim M., 2008. The Impact of Bt
Cotton on Poor Households in Rural India. Nature
Precedings: hdl; 10101/npre, p. 1-23.
***Govt. of Pakistan. 2013. Pak Economic Survey 201112. Ministry of Finance, Economic Advisor’s Wing,
Islamabad, Pakistan.

172

AgroLife Scientific Journal - Volume 6, Number 1, 2017
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

EFFECTS OF FERTILIZATION AND ROW SPACING ON GRAIN
SORGHUM YIELD GROWN IN SOUTH-EASTERN ROMANIA
Cristina Andreea OPREA, Ciprian BOLOHAN, Doru Ioan MARIN
University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Mărăşti Blvd.,
District 1, Bucharest, Romania
Corresponding author email: oprea.andreeacristina@yahoo.com
Abstract
The paper presents the results of a research conducted during 2014-2016 with the purpose of identifying the optimal
interaction of technological factors for the cultivation of grain sorghum (sowing distance x fertilization level), in order
to optimize the yield of crops grown in South-East Romania. The research was carried on a soil chromic luvisol using
ten fertilization levels and two sowing distances between rows. Results show that both sowing distance and fertilization
had a statistically significant influence on sorghum’s grain yield. The most favourable combination of technological
factors, which ensured a maximum yield of 9.22 t/ha, was represented by sowing sorghum at the distance of 70 cm
between rows and using a fertilization level N120 P60 K60. Compared to the sowing distance of 50 cm between rows, the
sowing distance of 70 cm between rows generated yield increases between 0.21 t/ha and 0.48 t/ha.
Key words: Sorghum bicolor L .(Moench), mineral fertilization, sowing distance, rainfall, yield.

INTRODUCTION

MATERIALS AND METHODS

Although grain sorghum crop is well adapted to
different environmental conditions, the need to
optimize its yield is still a challenge. Sorghum
grows in areas with rainfall below 450 mm/year
(Aleminew, 2015), thus the specialized
literature (Sarca et al., 2004; Staggenborg et al.,
2008) recommends being cultivated in
restrictive climatic and soil conditions.
Research analyzing grain sorghum suitability to
the conditions in South-East Romania (Pintilie
et al., 1970; Matthew, 2011; Oprea et al., 2016)
highlight yield levels that support crop’s
cultivation opportunity in this region. However
the variability of climatic conditions in the area
and the tendency of aridity (Marin et al., 2016)
affect yield’s stability, given that water scarcity
is, nevertheless, a limiting factor for sorghum
crop in terms of using nutrients obtained
through
fertilization
(Lemaire,
1996).
Moreover, in low rainfall conditions plants’
density is a factor that requires attention in
terms of yield optimization (Stanggenborg,
1999; Fromme, 2012; Fernandez, 2012). In this
context, the objective of the research is to
identify cultivating factors interaction that
ensures an optimum yield level in correlation to
the climatic conditions of South-Eastern
Romania.

The research was conducted during 2014-2016
on a chromic luvisol at the Didactic and
Experimental Farm Moara Domnească of
USAMV Bucharest (44o30' latitude, 26o13'
longitude). Weather conditions of the area are
characterized by a yearly rainfall amount of
556.1 mm and an annual average temperature
of 10.5oC.
Analysis of weather parameters (temperature
and rainfall) during plants vegetative period,
reflect some variability as compared with the
normal values (Table 1). The average
temperature during the growing season of
sorghum plants has provided a number of
useful thermal units (t>6°C) of 1923oC, higher
than the hybrid requires (1850oC). Analyzing
rainfall, their average volume in the months
May to August was 38.3 mm (14.3%) lower
than the normal value of the area, but showed a
different distribution.
Thus, after sowing (May), at flowering and
grain filling period (July) rainfall records were
5.2% and 75.0% lower than the multiannual
values. In the vegetative growth stage (June)
and near physiological maturity (August), the
average rainfall recorded in 2014-2016 were
by 9.9% and 7.9% higher than the normal
values.
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using thiacloprid 480 g/l (Calypso, dose at
150 ml/ha).
To determine the influence of technological
factors on yield the analysis of variance was
used and the relationship between factors was
determined based on the correlation and
regression analysis.

Table 1. Climatic conditions during sorghum plant’s
vegetative period at Moara Domnească, Ilfov
Temperature (oC)
Months of the vegetative
period

Rainfall (mm)

Average
2014-2016

Normal

Average
2014-2016

Normal

May

17.9

16.5

64.2

67.7

June

21.1

20.2

94.9

86.3

July

24.1

22.1

15.8

63.1

August

23.8

21.1

54.5

50.5

Avg./Sum
May–August

21.7

20.0

229.3

267.6

RESULTS AND DISCUSSIONS
Sowing distance influence on grain yield
Analyzing the influence of the sowing distance
on the average grain yield of the period 20142016, the data presented in Table 2, indicate
that sown at a distance of 70 cm between rows
records an higher yield compared to the 50 cm
sowing distance, the differences being
statistically assured (p<0.05). Only for the
complex fertilization N120P60K60 the yield
difference between the two sowing distances
was not statistically significant, with a value of
0.21 t/ha, the yield was higher at the sowing
distance of 70 cm between rows.
Research on the influence of the sowing
distance on grain sorghum yield is inconsistent
and often conflicting, influenced by
experimental conditions. Thus, similar to the
results presented in this paper, Fernandez et al.
(2012) highlighted that grain sorghum grown in
strips (30 cm) generated higher yields in
favourable rainfall conditions, than sorghum
grown in the conventional system (9.5 cm
between rows), but in the absence of rainfall
the differences are not significant. In dry zones,
reducing the distance between rows conserves
soil’s water reserves up to the vegetative stages
of reproductive growth of grain filling, which
positively influences yield (Bandaru et al.,
2006). Staggenborg (1999) shows that in years
with high rainfall, the yield obtained for narrow
rows is higher than that obtained for
conventional sowing distances. Fromme (2012)
also reported an enhanced efficiency in
economic terms for growing sorghum at 51 cm
between rows, even though in terms of yield
research findings do not reveal significant
differences.
Also, results obtained by Buah and Mwinkaara
(2009) show that plant density had no
significant influence on yield, whereas nitrogen
fertilization caused a linear increase of the
yield.

The biological material used was the hybrid
Alize (provided by Euralis), a hybrid recorded
in the official catalogue of varieties of crop
plants in Romania since 2014. Alize is a grain
sorghum hybrid (FAO 380-400) highly tolerant
to drought.
The experimental design was built using the
split plot method in four replications. The main
factor investigated was fertilization, as active
substance, with ten levels: a1 - N0P0K0
(Control), a2 - N60P0K0, a3 - N90P0K0, a4 N120P0K0, a5 - N90P60K0, a6 - N90P60K0+foliar
fertilization (H), a7 - N90P60K60, a8 - N90P60K60 +
foliar fertilization (H), a9 - N120P60K0, a10 N120P60K60.
Factor B, with two graduations, was the sowing
distance between rows: b1 - 70 cm, b2 - 50 cm.
The precursory crop was winter wheat
(Triticum aestivum L.). Land preparation was
ploughed at 20 cm. The day before sowing
seedbed preparation was carried out at a depth
of 5-6 cm. Sowing dates fluctuated under the
influence of climatic conditions between April
24 and May 2, and harvesting was conducted
between September 1 and 15. The average
density was 18 harvestable plants/m2 at 70 cm
between rows and 21 harvestable plants/m2 at
50 cm between rows. Fertilization was carried
out at seedbed preparation and during
vegetation. Two foliar fertilization treatments
were applied using commercial product
Hortifor 30-20-10 in a dose of 2.5 kg/ha. Preemergence weed control was performed using
S-metolachlor 960 g/l (commercial product
Dual Gold, 1.5 l/ha) while for post-emergent
weed control was carried out using a treatment
with 344 g/l 2.4 D + 120 g/l dicamba
(commercial product Dicopur Top, 1 l/ha) and
the application of mechanical hoeing. Pest
control (Tanymecus dilacotillis) was carried out
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Table 2. Sowing distance influence on grain yield (t/ha), average 2014 – 2016
Grain yield (GY t/ha)
Variants

70 cm

50 cm

GY (t/ha)
Diff. (t/ha)
GY (t/ha)
N0 P0K0
5.75
Ct
5.32
N60 P0K0
6.97
Ct
6.55
N90P0K0
7.62
Ct
7.18
N120 P0K0
8.27
Ct
7.90
N90 P60 K0
8.00
Ct
7.66
N90P60 K0+H
8.13
Ct
7.74
N90P60K60
8.33
Ct
8.00
N90P60K60+H
8.58
Ct
8.10
N120 P60 K0
8.89
Ct
8.55
N120 P60 K60
9.22
Ct
9.01
Avg. variants
7.98
Ct
7.60
LSD 5% = 0.29 t/ha; LSD 1% = 0.40 t/ha; LSD 0.1% = 0.57 t/ha
GY = grain yield at STAS (14%), ns = not significant

Significance

Diff. (t/ha)
-0.43
-0.42
-0.44
-0.37
-0.34
-0.39
-0.33
-0.48
-0.34
-0.21
-0.37

p < 0.01oo
p < 0.01oo
p < 0.01oo
p < 0.05o
p < 0.05o
p < 0.05o
p < 0.05o
p < 0.01oo
p < 0.05o
ns
p < 0.05o

statistical terms (p <0.001) for all levels of
fertilization (Table 3). Similarly, Matei (2011)
obtained the highest grain yield for sorghum
cultivars fertilized N160 P80 K80 at distance of
70 cm between rows.

Grain yield under different fertilization rates
Fertilization has a favourable effect on grain
sorghum yield, for both the sowing distances of
70 and 50 cm between rows (Table 3). Under
the influence of fertilization, grain yield
recorded increases, highly significant in

Table 3. Fertilization influence on grain yield (GY t/ha) of sorghum sown at 70 cm and 50 cm between rows (Moara
Domnească, average 2014-2016)
Grain yield (GY)
70 cm

Variants
GY (t/ha)
N0 P0K0
N60 P0K0
N90P0K0
N120 P0K0
N90 P60 K0
N90P60 K0+H
N90P60K60
N90P60K60+H
N120 P60 K0
N120 P60 K60
Avg. variants

50 cm
Diff. (t/ha)

GY (t/ha)

Diff. (t/ha)

Ctns
1.22***
1.87***
2.52***
2.25***
2.39***
2.58***
2.83***
3.15***
3.47***
2.23***

5.32
6.55
7.18
7.90
7.66
7.74
8.00
8.10
8.55
9.01
7.60
LSD 5% = 0.36 t/ha;
LSD 1% = 0.48 t/ha;
LSD 0.1% = 0.64 t/ha

Ctns
1.23***
1.86***
2.58***
2.34***
2.42***
2.68***
2.78***
3.23***
3.69***
2.28***

5.75
6.97
7.62
8.27
8.00
8.13
8.33
8.58
8.89
9.22
7.98
LSD 5% = 0.43 t/ha;
LSD 1% = 0.58 t/ha;
LSD 0.1% =0.77t/ha

ns = not significant; *** = p<0.001; ** = p<0.01; * = p < 0.05

Munteanu (2011, 2012) also points out the
influence of fertilization on the grain yield of
sorghum grown on a brown soil, the highest
yield being obtained when fertilizing with
N240P80K80. In the field conditions of the
research area the use of mineral nutrients
applied to the sorghum crop was slightly higher

at a distance of 50 cm between rows (Table 4).
Although the production obtained at 50 cm
sowing distance is lower than the one recorded
for the 70 cm sowing distance, yield increase
brought by a unit of fertilizer at 50 cm sowing
distance reflects a better use of fertilizers in
conditions of increased competition between
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N120P0K0).
Regarding
phosphorus
and
potassium, there is a higher efficiency of their
capitalization when used in combination with
120 kg N/ha. Research carried out by the Buah
and Mwinkaara (2009), show that the
efficiency of using mineral fertilizing elements
(nitrogen) decreases with increasing dose of
active substance and is not influenced by crop’s
density.

plants. The achieved growth is influenced
mainly by significant distinct differences in
yield between the two distances obtained for
control. The efficiency of nitrogen use
increases with the growth of the rate of
fertilization both for 70 cm and 50 cm sowing
distances (Table 3), from 20.33 kg grain/kg N
and 20.50 kg grain/kg N (for the fertilization
level N60P0K0) to 21.00 kg grain/kg N and
21.50 kg grain/kg N (for the fertilization level

Table 4. Grain yield increase (kg) per kg of fertilizer active substance (GYI/kg a.s.), 2014-2016, for sorghum sown at
70 cm and 50 cm between rows
Fertilizer doses

70 cm
GY (t/ha)

50 cm

GYI/kg a.s.
P
-

K
-

GY (t/ha)

GYI/kg a.s
P
-

K
-

N0 P0K0

5.75

N
-

5.32

N
-

N60 P0K0

6.97

20.33

-

-

6.55

20.50

-

-

N90P0K0

7.62

20.78

-

-

7.18

20.67

-

-

N120 P0K0

8.27

21.00

-

-

7.90

21.50

-

-

Average

7.15

20.70

-

-

6.74

20.89

-

-

N90 P60 K0

8.00

-

6.33

-

7.66

-

8.00

-

N120 P60 K0

8.89

-

10.33

-

8.55

-

10.83

-

Average

8.45

-

8.33

-

8.11

-

9.42

-

N90P60K60

8.33

-

-

5.50

8.00

-

-

5.67

N120 P60 K60

9.22

-

-

5.50

9.01

-

-

7.67

8.51

-

-

6.67

Average
8.78
5.50
GYI/a.s. – grain yield increase per kg of fertilizer active substance (a.s)

CONCLUSIONS
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Abstract
The aim of this study was to evaluate the effects of different application rates of nitrogen and phosphorus on growth,
yield, earliness and quality of cotton (Gossypium hirsutum L.) cultivar Darmi, grown in Chirpan, Bulgaria. The cotton
was grown during 2007-2010 in crop-rotation with durum wheat under non-irrigated conditions. The experimental
design was a randomized complete block with four replications. Single and combined nitrogen and phosphorus
fertilizers in rates 0; 40; 80; 120 and 160 kg.ha-1 were tested. Values were established for the September and total seedcotton yield, earliness, lint percentage, number of bolls per plant, boll size, plant height, 1000 seeds weight, fibre
length. Under the influence of N fertilization the total yield increased with 10.0- 23.1% compared to the control and
under phosphorous fertilization - with 1.4- 6.6% (P120). Productivity increased most under combined fertilization N120-160
P40-80 - 27.7-36.3% more than the unfertilised with a very good share of the September yield. The increase of nitrogen
rates decreased earliness with 4.2% (N120) to the check. Average for the 20-year period a high effective yield was
formed under moderate N rates combined with low to moderate P levels, whereat the cotton yield increased with 17.824.4%. The fertilization significantly increased the height of the plant, boll number (55.6% over control) and boll
weight (21.8% more). There was a tendency for decrease in lint percentage with the increase of fertilization rate. No
significant changes were found in terms of fiber length and it ranged within 23.76-25.05 mm.
Key words: cotton, fertilization, nitrogen, phosphorus, yield.

INTRODUCTION

one of the determinants of cotton productivity
(Ali at al., 2003; Christidis, 1985; Geric et al.,
1998). N-deficient cotton plants are likely to
have suppressed vegetative and reproductive
growth, prematurely senesce (Stewart et al.,
2010) and low yields (Radin and Mauney,
1986). In contrast, excessive N can have
negative impacts on yield and can result in
economic loss. At the early boll filling stage,
excessive N may inhibit fruit production due to
the promotion of vegetative growth (Gerik et
al., 1998).
According to Clawson et al. (2006), Munir et
al. (2015) and other authors nitrogen increased
lint yield, plant height, main stem nodes, and
both whole-plant and subset individual boll
weight, but lint percentage was not affected by
nitrogen. Pettigrew and Adamczyk (2006)
reported that N treatments had no effect on lint
yield or any dry matter partitioning
components.
Nitrogen
influenced
both
vegetative and reproductive growth (Surya et
al., 2010) as its deficiency decreased yield by
accelerating premature leaf senescence (Fageria

The cotton productivity and quality varies to a
wide range depending on weather, cultivar, soil
fertility, agrotechnology. Without adequate
amount at each growth stage, the maximum
yield potential of cotton can not be achieved
(Gushevilov and Karev, 2000; Karthikeyan and
Jayakumar, 2001; Zhao and Oosterhuis, 2000).
Fertilizers are essential component of modern
cotton production that affects plant growth,
fruiting and yield (Sawan et al., 2006). The
application of such agrotechnical methods that
would guarantee high levels and stability of the
economic parameters under different conditions
is of importance for the production (Coker et
al., 2009).
Without adequate amount of nutrient elements
at each growth stage, the maximum potential of
cotton cannot be achieved (Kirchmann &
Thorvaldsson, 2000). Recommendations for
cotton fertilization range from relatively low to
very high rates (Clawson et al., 2008;
McConell et al., 1993). The nitrogen level is
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P significantly enhanced crop growth, N and K
uptake, total chlorophyll concentration and dry
matter yield of cotton plant (Sawan et al.,
2008). Deshpande and Lakhdive (1994)
reported that P application increased P uptake
and content in leaf, stem and reproductive part
like seed. P is essential for cell division and has
a stimulating effect on a number of flower buds
and bolls per plant. Kaynak (1995) reported
that positive correlation exists between seed
cotton weight per boll and seed cotton yield per
plant.
Dorahy et al. (2008) reported that phosphorus
fertilizer application only increased P
concentration in the plants during leaf
expansion, but had no effect on biomass
production, P uptake at later growth stages
sampled, or lint yield. Acording to Leffler
(1986) and Bassett et al. (1970) the phosphorus
fertilization increased dry matter production
and nutrient uptake.
Bronson et al. (2003) reported that phosphorus
fertilizer did not affect lint yields at Lamesa.
Reiter and Kreig (2000) established some
positive and notable P effects on lint fiber
quality factors although both lint yield and lint
quality were driven more by moisture
availability than phosphorus.
According to some authors the cotton varieties
manifest specific nutrient requirements
(Karamanidis et al., 2004; Fritschi et al., 2003;
Clement-Bailey and Gwathmey, 2008; Javaid
et al., 2001; McConnell et al., 2003), while
according to others (Kostadinova &
Panayotova, 2003; Mullins and Burmester,
1990; Panayotova et al., 2007) the differences
in the level of mineral nutrition of genotypes
with close origin are insignificant.
Weather conditions and fertilizers exert great
influence on the cotton yield. Cotton yield
under different conditions is a desirable
characteristic because Bulgaria is located on
the northern cotton-cultivating boundary. In
Bulgaria there are suitable soil and climatic
conditions, tradition, experience and advanced
research for cotton growing. The foreign
cultivars in Bulgaria realise late maturity and
fail to manifest their yield and quality potential.
According to Christidis (1985) the NPK
content in the cotton correlated significantly
with the environmental conditions.

and Baligar, 2005) and early cut-out (Read et
al., 2006), while, N in excess can delay crop
maturity and promote boll shedding, diseases
and insect damages (Howard et al., 2001;
Oosterhuis, 2001). Diagnosing and correction
of nitrogen deficiency is not difficult while
excess of N is more difficult to detect and
rectify. The cotton cultivars evolved in
different
agroclimatic
regions
behave
differentially to application of mineral
fertilizers (Prasad and Siddique, 2004).
According to Girma et al. (2007) the nitrogen,
phosphorus and potassium fertilizer use in
cotton production remains important, as N has
a decisive influence, while phosphorus has less
effect.
Cahill et al. (2008), Sawan et al. (2008),
Mitchell (2000) and other authors reported that
P fertilizer generally was not effective, and
significant differences were not observed for
cotton yield. Saleem et al. (2010) reported that
phosphorus levels (30, 60 and 90 kg.ha-1)
significantly affected almost all the characters
related to earliness and yield. According to
Cahill et al. (2008) phosphorus deficiency
violates the nitrogen nutrition.
Several factors including soil type affect cotton
response to phosphorus. The critical level of P
is a function of actual concentration of the
labile pool that in turn determines the available
P during the growth of cotton (Crozier et al.,
2004). Bronson et al. (2003) founded that
several
variables
including
early
P
accumulation, biomass, and lint yields
positively responded to P fertilization in
calcareous soils. The nitrogen uptake is reduced
in plants with phosphorus deficiency
(Breitenbeck and Boquet, 1993). The
phosphorus requirements of cotton are
considered very low because of its deep root
system and indeterminate growth habit (Malik
et al., 1996). According to Gill et al. (2000) and
Cope (1984) there are cases where cotton
response to phosphorus has been positive and
economical. Application of NPK nutrients had
some effect on lint yield, although most of the
response was attributed to N (all cultivars) and
to some extent P (Girma et al., 2007). The use
of only starter-N is more cost effective than
using both N and P starter fertilizer (Cahill et
al., 2008).
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was created by crossing the breeding line №
268 (with genplasm of species G. barbadense
L.) x C-9070 (Uzbek variety). The cultivar
staking high fruiting bolls.
There were determined the September yield
and total seed-cotton yield (kg. ha-1); index of
earliness as correlation between two harvests;
lint percentage (%); the structural elements of
yield: number of bolls per plant by accurate
count; boll size (g), which was determined as
seed cotton weight/ number of bolls; plant
height (cm); 1000 seeds weight (g); fibre length
measured handily by "butterfly" method (mm).
Analysis of variance (ANOVA) was performed
to evaluate differences and interaction among
the nitrogen and phosphorus fertilization and
years.
The studied years were with different
meteorological conditions during the vegetation
period (May-October) (Table 1). With regard to
temperature and rainfall supply 2007 was warm
and moderately wet; 2008 was warm and
moderately dry; 2009 - moderately warm and
dry, without precipitation in the august and
insufficient rainfall during flowering and boll
formation; 2010 - moderately warm and wet,
with sufficient rainfall during critical stage of
the cotton development (Table 1).
The soil type at the Institute region was Pellic
Vertisols (FAO), defined by the sandy-clay
composition, with high humidity capacity and
small water-permeability. The soil in the field
was with neutral soil reaction in the 0-60 cm
soil layer, medium supplied with organic
matter, moderately N provided, with low
content of mobile P2O5 and well supplied with
available K2O (Table 2).

The nutrient requirements of the new varieties
are often questioned by producers.
Optimizing fertilization for cotton cultivars is
one possible way of tailoring production
practices to achieve optimal economic returns.
The aim of this study was to evaluate the
effects of different application rates of nitrogen
and phosphorus on growth, yield, earliness and
quality of cotton (Gossypium hirsutum L.)
cultivar Darmi, grown in the region of CentralSouth Bulgaria.
MATERIALS AND METHODS
The experiment was carried out on the field of
the Field Crops Institute, Chirpan, situated in a
major cotton-growing region of Bulgaria. Data
from a long-term experiment initiated in 1967
was used. The cotton (Gossypium hirsutum L.)
cultivar Darmi was grown in double croprotation with durum wheat under non-irrigated
conditions. The experimental design was a
randomized complete block with four
replications. Individual plots consisted of six
8.33 m rows spaced 0.60 m apart with a net
plot size of 50 m2. Twenty-five treatments
containing different rates of N-P were
evaluated. Single and combination of N and
P2O5 fertilizers in rates of 0; 40; 80; 120 and
160 kg.ha-1 were tested. The source of the N
was ammonium nitrate, of P2O5 - triple
superphosphate.
The applied agrotechnical practices were
complied with the technology established for
the region. Cotton seeds were sown within 2030 April. The plant population reached as much
as 160,000 plants.ha-1, approximately. Weeds
were controlled by preplant and preemergence
herbicides, interrow cultivation and hand
chipping. Defoliants were not applied. There
were two harvests made by hand from four
middle rows (20 m2). At maturity the
seedcotton yield from each plot was weighed
and ginned on a rollergin.
The cultivar Darmi was established in Bulgaria
in 2007 with improved quality of the fiber. It

RESULTS AND DISCUSSIONS
The results for cotton yield showed good
effectiveness of the applied fertilization despite
unfavorable weather conditions during the
cotton vegetation. Additionally yield was
realized as a result of direct fertilization and of
soil fertility created by long-term fertilization.
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Table 1. Meteorological data recorded at the region of Chirpan, Bulgaria during the vegetative period of cotton,
2007-2010
Year

ІV

1928/2010
2007
2008
2009
2010

343
351
386
357
364

1928/2010
2007
2008
2009
2010

45
19
66
17
63

1928/2010
2007
2008
2009
2010

1.31
0.54
1.71
0.48
1.73

Months
VІ
VІІ
VІІІ
ІХ
Temperature sum, Σ t oC
519
622
720
711
561
579
693
825
753
527
522
636
717
792
555
569
648
751
725
571
554
625
706
798
582
Rainfall, Σ W mm
63
65
52
41
34
53
39
0
62
128
36
95
36
3
91
16
14
89
35
58
27
82
114
22
48
Hydrothermal coefficient (by Selyaninov)
1.21
1.05
0.72
0.58
0.61
0.92
0.56
0
0.82
2.43
0.69
1.49
0.50
0.04
1.64
0.28
0.22
1.19
0.48
1.02
0.48
1.31
1.62
0.28
0.83
V

Σ ІV-ІХ
3476
3728
3608
3621
3629
300
301
327
229
356
0.86
0.81
0.91
0.63
0.98

Σ VІ-VІІІ

Σ V-ІХ

2053
2271
2145
2124
2129

3133
3377
3222
3264
3265

158
101
134
138
218

255
282
261
212
293

0.77
0.45
0.63
0.65
1.,02

0.81
0.84
0.81
0.67
0,90

Table 2. Content of humus, mineral nitrogen and mobile phosphorus and potassium in the Pellic Vertisols, Chirpan
Treatment
N 0 P 0K 0
Р160
N80
N160
N120P120

Depth, cm
0–30
30–60
0–30
30–60
0–30
30–60
0–30
30–60
0–30
30–60

N-NH4
20
13
17
21
44
60
64
57
63
61

Nmin, kg.ha-1
N-NO3
14
10
21
15
30
37
43
23
39
26

The total seed-cotton yield was significantly
influenced by the environmental conditions of
the year, type of fertilizer and fertilization level
(Table 3). The uncontrolled year conditions had
greatest share in the total variation of the
factors - 87.0%. The fertilization level led to
significant differences - 8.31%. The influence
of nitrogen was 6.92% and of phosphorus 0.85% of total variation. No significant
differences in the total seed-cotton yield were
occurred as a function of the interaction
between nitrogen and phosphorus rate. The
variance of factors for the September yield was
similar.
The total seed-cotton yield without fertilization
was 1.52 t.ha-1 average for 4-year period (Table
4). Under the influence of alone N fertilization
the yield increased by 10.0 (N40) to 23.1%
(N160) compared to the control, and at

Total
34
23
38
36
74
97
107
80
102
87

P2O5,
mg/100 g
2.4
1.6
19.3
18.7
3.2
2.4
3.7
3.3
16.7
15.0

K2O,
mg/100 g
17.4
16.5
18.2
16.9
16.6
16.5
16.7
16.2
28.0
22.5

Humus,
%
2.28
2.24
2.32
2.28
2.39
2.33
2.58
2.42
2.56
2.47

phosphorous fertilization - by 1.4 (P160) to 6.6%
(P120). Productivity increased the utmost at
combined fertilization N120-160P40-80 - by
27.7-36.3% in more than unfertilised.
The total seed-cotton yield without fertilization
was 1.52 t.ha-1 average for 4-years period
(Table 4).
Table 3. Analysis of variance for total seed cotton yield,
2007-2010.
Source of
df.
variation
Total
Years
Fertilization
N
P
NхP
Error

99
3
24
4
4
16
72

Sum of
Sum of
squares, squares
SQ
SQ, %
312553.8
100.00
271927.0
87.00
25953.2
8.31
21620.0
6.92
2647.2
0.85
1686.0
0.54
14673.5
4.69

F-ratio amonhg the variables
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Mean
squares
F
MS
90642*** 444.8
1081***
5.3
5405*** 26.5
661 *
3.2
105 n.s.
0.5
203

Table 4. Effect of NP fertilization on the total seed-cotton yield, average for 2007-2010, t.ha-1
Average
Fertilization
N0P0K0
N40
N80
N120
N160
P40
N40P40
N80P40
N120P40
N160P40
Р80
N40P80
N80P80
N120P80
N160P80
P120
N40P120
N80P120
N120P120
N160P120
P160
N40P160
N80P160
N120P160
N160P160
Average
GD 5 %
GD 1 %
GD 0.1%

2007

2008

2009

2010

t.ha-1

%

1.40
1.48
1.67
1.81
1.75
1.48
1.61
1.84
1.94
1.79
1.58
1.58
1.66
1.82
1.94
1.62
1.74
1.83
1.96
1.43
1.48
1.64
1.70
1.92
1.78
1.70
0.352
0.466
0.604

1.53
1.62
1.71
1.71
1.68
1.61
1.73
1.84
1.90
1.89
1.52
1.70
1.71
1.76
1.79
1.58
1.80
1.88
1.83
1.77
1.48
1.80
1.81
1.85
1.75
1.73
0.459
0.603
0.761

1.04
1.09
1.17
1.28
1.28
1.05
1.07
1.16
1.21
1.22
1.10
1.14
1.22
1.26
1.34
1.12
1.14
1.33
1.52
1.45
1.09
1.13
1.40
1.34
1.38
1.22
0.263
0.347
0.475

2.09
2.48
2.49
2.64
2.80
2.10
2.88
3.01
3.22
3.22
2.18
2.65
2.75
2.91
2.95
2.13
2.71
2.78
2.71
2.74
2.10
2.53
2.69
2.98
2.75
2.66
0.566
0.751
0.973

1.52
1.67
1.76
1.86
1.87
1.56
1.82
1.96
2.07
2.03
1.59
1.77
1.83
1.94
2.00
1.61
1.85
1.96
2.00
1.85
1.54
1.77
1.90
2.02
1.91
1.83
0.201
0.267
0.346

100.0
110.0
116.0
122.5
123.1
102.9
120.2
129.3
136.3
134.0
105.1
116.5
120.8
127.7
132.1
106.6
121.8
128.9
132.0
121.8
101.4
116.9
125.2
133.3
126.2
13.26
17.61
22.83

Agronomic
efficiency,
kg cotton
3.80
3.02
2.84
2.19
1.10
0.96
0.81
0.14
-

the experiments. Yang et al. (2011) reported
that N ratio promoted an earlier squaring and
flowering but delayed the opening stage, so
prolonged the boll setting and filling period.
The efficiency of fertilization and the effect of
1 kg fertilizer were significantly higher for
nitrogen (2.19-3.80 kg seed-cotton) as
compared to phosphorus (0.14-0.96 kg) and the
effect decreased at higher nutrient levels.
The cotton productivity increased as a result of
long-term fertilization and soil fertility.
The average cotton yield for the last 20 years
without fertilization was 1.56 t.ha-1 (Table 6).
Average for the period a high, economically
effective and stable yield was formed under
moderate N rates combined with low to
moderate P levels, whereat the cotton yield
increases with 17.8-24.4% to the unfertilized.
The high rates effect in most of the years was
close to the one received by moderate
fertilization caused by the extended vegetative
period of cotton and failure of most of the
formed bolls to ripe, especially in years with
more rainfall and lower temperatures.

Under the influence of alone N fertilization the
yield increased by 10.0 (N40) to 23.1% (N160)
compared to the control, and at phosphorous
fertilization - by 1.4 (P160) to 6.6% (P120).
Productivity increased the utmost at combined
fertilization N120-160P40-80 - by 27.7-36.3% in
more than unfertilised. The yield was
significantly lower in 2009 - an average
1.22 t.ha-1 under the influence of unfavorable
weather conditions for cotton, while in other
years the average yield was from 1.70 t.ha-1
(2007) to 2.66 t.ha-1 (2010). The results show
that at NP fertilization combined with favorable
weather conditions Bulgarian cotton varieties
realize their potential for high productivity. The
combine fertilization proved a much better
influence on the cotton yield with very good
share of the September yield (Table 5). The
increase of nitrogen rates decreased earliness
index by 4.2% (N120) to the check. Dong et al.
(2012) also showed that increasing N rate
reduced earliness. Setatou and Simonis (1996)
found that N fertilization caused a delay in the
maturity of cotton plants, ranging from 0.2 to
2.5 days in comparison to the control in most of
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Table 5. September seed-cotton yield (t.ha-1) at nitrogen-phosphorus fertilization, average for 2007-2010
Year

Treatment

Average
-1

2007

2008

2009

2010

kg.ha

%

N 0 P 0K 0
N40
N80
N120
N160
P40
N40P40
N80P40
N120P40
N160P40
Р80
N40P80
N80P80
N120P80
N160P80
P120
N40P120
N80P120
N120P120
N160P120
P1600
N40P160
N80P160
N120P160
N160P160
Average

0.88
0.98
1.06
1.18
1.14
0.98
1.06
1.16
1.18
1.08
1.04
1.03
1.08
1.19
1.28
1.07
1.11
1.15
1.20
1.00
0.96
1.10
1.12
1.25
1.18
1.10

0.88
0.97
0.97
0.94
0.91
1.07
1.02
1.02
1.06
1.16
0.94
1.06
1.01
1.05
1.10
1.08
1.24
1.32
1.19
1.08
0.93
1.23
1.22
1.18
1.10
1.07

0.92
0.96
1.06
1.12
1.10
0.98
0.99
1.05
1.10
1.13
1.00
1.04
1.12
1.16
1.22
0.99
1.03
1.22
1.37
1.35
0.97
1.00
1.26
1.22
1.24
1.10

1.57
1.86
1.54
1.72
1.91
1.56
1.96
2.07
2.14
2.09
1.76
1.83
1.96
1.98
1.92
1.56
1.85
2.13
1.94
2.04
1.60
1.83
1.86
2.11
1.88
1.87

1.06
1.19
1.16
1.24
1.27
1.15
1.26
1.32
1.37
1.37
1.19
1.24
1.29
1.34
1.38
1.18
1.31
1.45
1.42
1.37
1.11
1.29
1.36
1.44
1.35
1.28

100.00
112.23
109.09
116.88
119.29
108.43
118.45
124.79
129.04
128.64
111.71
116.95
121.87
126.57
130.26
110.69
123.09
136.88
134.22
128.71
105.02
121.42
128.42
135.85
127.35
-

GD 5 %
GD 1 %
GD 0.1%

0.247
0.327
0.424

0.306
0.464
0.586

0.348
0.489
0.612

0.632
0.838
1.085

0.348
0.489
0.612

32.83
46.13
57.74

its effect (2.12-2.67 kg) compared to
phosphorus (0.62-1.50 kg).
This showed that an alone phosphorus
fertilization is not an effective agrotechnical
measure.
Average for the studied four years the weight of
1 boll was 3.77 g, without fertilization - 3.40 g,
and reached a maximum value of 4.14 g at
N80P120 (Table 7).
At higher fertilizer rate the number of bolls per
1 plant increased and at fertilization with
N120P120 the number of mature bolls per plant
was 4.56, by 55.6% above unfertilized (2.93).
The highest weight of 1 boll and number of
bolls per 1 plant were formed in 2010 - an
average of 4.25 g (in the range 3.76-4.66 g) and
5.43 (from 4.02 to 6.32) respectively.
Rashidi et al. (2011) reported that 200 kg.ha−1
N application rate resulted significant increased
in the boll number (19.8), and boll weight
(6.26 g) compared to low rates.

Table 6. Effect of long-term fertilization
on total seed-cotton yield for last 20 years (1991-2010)
Treatment

t.ha-1

%

N0P0K0
N80
N120
N160
P80
P120
P160
N80P80
N120P80
N120P120
N160P80
N160P120
N160P160
GD 5%
GD 1%
GD 0.1%

1.56
1.75
1.88
1.90
1.68
1.71
1.66
1.91
1.84
1.94
1.81
1.92
1.92
0.167
0.189
0.196

100.0
112.0
120.4
121.8
107.7
109.4
106.6
122.2
117.8
124.4
116.0
123.2
122.8
10.70
12.12
12.56

Agronomical
efficiency, kg
2.34
2.67
2.12
1.50
1.25
0.62
-

Earliness,
%
70.0
71.4
65.8
66.8
67.8
73.7
69.0
67.5
66.2
66.0
74.4
70.3
70.6
69.4
69.0
72.8
70.7
74.3
71.1
73.9
72.4
72.7
71.8
71.3
70.6
70.38

Variation
0.76 – 2.09
0.89– 2.86
0.91 – 2.79
0.79 – 2.63
0.78 – 2.26
0.79 – 2.44
0.81 – 2.49
0.99 – 3.16
0.89 – 2.84
1.01 –3.10
0.92-3.08
0.95 – 2.91
0.99 – 3.05

The fertilization efficiency was strongly
dependent on the weather conditions, which
was signified by the significant yield variance
by years. The nitrogen fertilization exerted a
decisive influence on the cotton productivity,
signified by the significantly higher values for
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Table 7. Structural elements of cotton yield, height in maturity, fiber length and output at fertilization,
average for 2007-2010
Treatment
N0P0K0
N4
N8
N12
N16
P4
N4P4
N8P4
N12P4
N16P4
Р8
N4P8
N8P8
N12P8
N16P8
P12
N4P12
N8P12
N12P12
N16P12
P16
N4P16
N8P16
N12P16
N16P16
Средно

Weight of 1 boll
g
%
3.40
100.0
3.46
101.8
3.58
105.3
3.62
106.5
3.76
110.6
3.46
101.8
3.55
104.4
3.81
112.1
3.76
110.6
3.69
108.5
3.64
107.1
3.86
113.5
3.82
112.4
3.97
116.8
3.96
116.5
3.64
107.1
3.80
111.8
4.14
121.8
4.02
118.2
4.00
117.6
3.59
105.6
4.11
120.9
3.88
114.1
3.88
114.1
3.86
113.5
3.77
-

Bolls per 1 plant
number
%
2.93
100.0
3.58
122.2
3.67
125.3
4.40
150.2
4.30
146.8
3.47
118.4
4.15
141.6
4.21
143.7
4.26
145.4
4.15
141.6
3.69
125.9
3.94
134.5
4.19
143.0
4.38
149.5
4.05
138.2
3.16
107.8
4.24
144.7
4.17
142.3
4.56
155.6
4.29
146.4
3.81
130.0
4.02
137.2
4.47
152.6
4.55
155.3
4.29
146.4
4.04
-

Height at maturity
cm
%
44.6
100.0
50.2
112.6
53.4
119.7
60.5
135.6
60.9
136.6
47.7
106.9
52.3
117.3
56.1
125.8
60.5
135.6
62.6
140.4
47.3
106.0
51.0
114.4
56.9
127.6
61.6
138.1
64.1
143.7
48.1
107.8
51.4
115.2
56.7
127.1
63.7
142.8
63.7
142.8
47.6
106.7
53.5
120.0
56.2
126.0
62.4
139.9
64.3
144.2
55.89
-

Fiber length
mm
%
24.29
100.0
24.36
100.3
24.38
100.4
24.64
101.4
24.70
101.7
24.63
101.4
24.30
100.0
24.83
102.2
25.05
103.1
24.63
101.4
23.89
98.4
24.55
101.1
24.83
102.2
24.50
100.9
24.36
100.3
24.00
98.8
24.41
100.5
24.08
99.1
24.20
99.6
24.14
99.4
24.61
101.3
24.38
100.4
23.96
98.6
23.76
97.8
24.01
98.8
24.38
-

Lint percentage
%
% то check
38.1
100.0
37.9
99.5
37.8
99.2
37.4
98.2
37.3
97.9
38.0
99.7
38.0
99.7
37.9
99.5
37.7
98.9
37.6
98.7
38.0
99.7
37.9
99.5
37.7
98.9
37.7
98.9
37.5
98.4
37.9
99.5
37.7
98.9
37.6
98.7
37.3
97.9
37.1
97.4
37.9
99.5
37.9
99.5
37.6
98.7
37.3
97.9
37.3
97.9
37.68
-

vegetation, the growth rate of plants was the
most intense and the height at the end of the
vegetation from 53.8 cm without fertilization
reached 91.5 cm at N120P120. Hallikeri et al.
(2010) showed that cotton height was
significantly affected by application of N
levels, as taller plants were observed with N up
to 120 kg∙ha−1.
Under the influence of various types of
fertilizers and applied rates no significant
changes were found in terms of the fiber length
and it was in a range 23.76-25.05 mm. There
was a tendency for a decrease of lint percentage
with increasing the rate of fertilization,
connected to the higher weight of 1000 seeds
(108-113 g) (Figure 1). The conditions over the
years proved to be a strong influence on the
fiber length and lint percentage in comparisson
with fertilization. Rashidi and Gholami (2011)
and Sawan et al. (2006) also found that the
effect of nitrogen on fiber properties were
small and inconsistent. Fritschi et al. (2003)
found that lint yield was increased linearly each
year with N fertility levels, attaining a
maximum yield at the 224 kg N ha-1 rate and
they found that with increased N, gin turnout
was decreased.

Seilsepour and Rashidi (2011) and Rashidi and
Gholami (2011) also reported that the seedcotton yield, the fiber yield, weight of 1 boll,
the number of bolls per 1 plant, the weight of
seeds in 1 boll and N concentrations in the
leaves significant increase at nitrogen
fertilization. Several research findings reported
that the yield advantages due to optimal N
application were attributed to larger bolls at a
greater number of fruiting sites (Boquet and
Breitenbeck, 2000; McConnell et al., 1998;
Moore, 1999).
Plant height is a genetically controlled factor
but nutritional disorder may also influence the
height of plant (Ahmed et al., 2009). A field
study showed that difference in plant height
was due to the cultivars and number of
monopodial branches per plant decreased while
number of sympodial branches per plant
increased with increasing P levels (Copur,
2006).
In our study alone and combined nitrogen
fertilization significantly increased the height
of cotton plants in maturity (from 44.6 cm
without fertilization to 64.3 cm at N160P160). In
2010 under the influence of fertilization,
combined with rainfall throughout the cotton
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Abstract
This paper presents the results of testing the quality of water for irrigation during the growing seasons 2012/2013, in
the basin of the Velika (“Great“) Morava River, from Batovac to Varvarin (Gornji Katun), in three monitoring cycles
on 20 selected sites belonging to agricultural area under irrigation. It was established that the quality of the surface
water corresponded to the standards for irrigation according to pH, conductivity (ECw), dissolved solids (TDS), ion
balance: Ca2+, Mg2+, K+, Na+, chlorides (Cl-), sulfates (SO42-), Sodium Adsorption Ratio (SAR). The content of the
following trace elements and heavy metals was determined: Cr, Ni, Pb, Cu, Zn, Cd, B, As, Fe, Hg. The obtained results
imposed that the contents of trace elements and heavy metals in the studied water samples were in the recommended
limits. The obtained results also implies on very strong linear correlation for ECw-B in the studied water samples, and
moderate linear dependence TDS-Ni; Cr-Fe; Cr-Ni; Cd-Ni; Cr-Pb; Fe-Ni; Fe-Pb; Ni-Pb.
Data analysis revealed that the anthropogenic impact on River Velika Morava water in the investigated area does not
affect water quality with a view to its applicability for irrigation purposes. Based on results of analysis of water quality
of River Velika Morava it can be concluded that it is usable for irrigation of crops and soil with restrictions and
frequent quality checking during the summer months.
Key words: trace elements, heavy metals, irrigation water, soil.

INTRODUCTION

irrigation depends primarily on the provision to
the required amount of water of adequate
quality.
Anthropogenic impacts and natural processes
can affect the quality of surface waters and
threaten their use as drinking water, and for use
in industry, agriculture, and for other purposes
(Carpenter et al., 1998; Jarvie et al., 1998;
Simeonova et al., 2003).
The aim of this study is to assess the current
water quality of the River Velika Morava in
order to be used for irrigation of agricultural
soil near the streams and highlight the pollution
risk. Pollution risks are mainly the direct
consequence of the discharge of waste water
from
industrial
plants,
agricultural
intensification or anthropogenic factors.
The major pollutants of surface water in the
country are industrial enterprises, farms and
settlements with sewage systems, without built
facilities for waste water treatment, and such
with acting, but technically outdated
(Konstandinova et al., 2013).
Agricultural lands used for intensive agriculture
and fertilized with nitrogen and phosphate,
treated with pesticides, and manure from

The scope of the research conducted in this
paper is the study of quality of irrigation water
from the River Velika Morava, complies with
the requirements of FAO and U.S. Salinity
Laboratory classification (Doneen and Westcot,
1988; U.S. Salinity Laboratory Staff, 1954),
designed for usability evaluation of irrigation
water. Irrigation means the artificial watering
the soil in order to wet the rhizosphere layer at
a time when the amount of available soil
moisture is insufficient to meet the optimum
energy crops. Irrigation is a hydro-reclamation
measure that aims to improve the physical
properties of the soil by adding water to
achieve optimum moisture during the growing
season and thus achieve optimum yield. It may
be applied during part of the growing season or
during the whole growing season. Irrigation of
cultivated plants on agricultural soil involves
the use of water of appropriate physical,
chemical and biological properties, so it is very
important to examine the quality of water used
for its intended purpose in order to assess the
impact on soil and plants. Intensification of
188

livestock farms are one of the major sources of
diffuse pollution (mainly nitrogen, phosphorus
and biodegradable organics).
MATERIALS AND METHODS
Description of the study area
In geographical terms, the basin of Velika
(“Great“) Morava River lies between 43o44' and
44o45' of North latitude and 21o05' and 21o23' of
East longitude (Figure 1).
The Great Morava begins at the confluence of the
Južna (“South”) Morava and the Zapadna
(“West”) Morava, located near the small town of
Stalać, a major railway junction in central Serbia.
From there to its confluence with the
Danube northeast of the city of Smederevo, the
Velika Morava is 185 km long.
The drainage basin of the Velika Morava is 6,126
km². Velika Morava flows through the most
fertile and densely populated area of Central
Serbia, called the Morava river valley or
Pomoravlje. Pomoravlje was formed in a fossil
bay of a vast, ancient Pannonian Sea.
The average discharge of the Velika Morava on
its confluence with Danube is 297 m3.s-1
(120 m3.s-1 brought by West Morava, 100 m3.s-1
by South Morava, and 35 m3.s-1 amounted by the
Velika Morava itself).
Pomoravlje with its surroundings has a very low
annual amount of precipitation of about 665 mm,
which are values close to those of sub arid areas.
Distribution of precipitation trough seasons is not
favorable for the development of crops which in
summer have a greater demand for water like
maize, sugar beet, vegetables, forage crops.
Precipitation per months is not equally
distributed, but it is noticeable that the maximum
amount occurring in June. Very low rainfall
occurs from January to March and in September.
Droughts during the summer and automn may
cause that the soil can dry up to 2-4 m depth. The
exceptions are the areas with the groundwater in
shallow depths but on very restricted areas.
Fluctuations in the flow of the Velika Morava
during the hydrological year are noticeable and
directly dependent on amount of precipitation.
The main peak is the spring and is primarily due
to snow melting, a major summer minimum
caused by a slight precipitation amount, elevated
temperature, and maximum transpiration and
using the water for irrigation.
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Figure 1. Location map of Velika Morava valley
with selected sample sites

acid-available fraction of heavy metals and
other toxic elements (As, B, Cd, Cr, Cu, Hg, Fe,
Ni, Pb, Zn) and SO42-; Ca2+; Mg2+ was
determined using EPA 200.7 methods, as well as
an ICAP 6300 ICP optical emission spectrometer
(ICP-OES) (EPA, 2007). Sodium Adsorption
Ratio (SAR)-calculation (Rhoads et al., 1992).
The concentration of Hg was determined by a
flame atomic adsorption analyser SensAA Dual
(GBC Scientific Equipment Pty Ltd, Victoria,
Australia) (Nelson et al., 1996).

Another autumn peak is due to rainfalls and
winter minimum is due to snow cover.
Soils suitable for irrigation are primarily alluvial
soils along the River Velika Morava and
meadow soils that are heavier texture from
alluvium (Tanasijević et al., 1966). Water
physical properties of the soil along the Velika
Morava are very heterogeneous composition.
Represented are applied gravel, sandy gravel,
sandy, loamy and clay composition. All of these
can be irrigated land varying amounts of water.
The basic soil types in the river basin are
Fluvisols, Luvisols, Eutric Luvisols, Eutric
cambisols and Eutric Vertisols (WRB, 2014).
These soils have a high potential for fertility, and
irrigation is one of the factors that contributes.
Irrigation provides increased yields of the grown
crops in the river basin.
River Velika Morava, is of great importance for
the national economy - agriculture, industry,
energetic and other human activities. The river is
subjected to strong anthropogenic impact as it
passes through plenty of settlements, along
industrial enterprises, farms and areas with
intensive agriculture that discharge their
wastewaters into the river creating preconditions
for deterioration of the water quality.

Table 1. Sampling points along the Velika Morava River
Sampling point
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Sampling and collection of water samples
A total of 60 water samples were collected
from 20 sampling points (Table 1). Water
samples were collected in three cycles of
sampling, in July and October 2012 and April
2013, using 2000 ml plastic bottles. The
sampling bottles for heavy metal determination
were pre-soaked overnight with 10% HCl, then,
rinsed with distilled water and also rinsed using
river water before sample collection. Sampling
bottles for the determination of physicochemical parameters were cleaned and rinsed
using distilled water only. Preservation of water
samples was done by adding 2 drops of
concentrated HNO3 to each water sample
before storage below 4°C until it was analysed.

Easting
7504330
7505630
7510750
7512430
7511000
7511880
7512700
7513110
7511920
7514870
7515820
7522900
7524570
7527100
7529730
7528090
7527600
7528260
7530420
7530220

Northing
4946930
4945400
4935100
4927240
4916330
4902730
4897730
4895280
4891700
4885920
4881950
4877390
4875730
4870850
4831910
4829100
4857870
4853990
4847690
4843070

Data processing methods
The experiment data were presented with mean
of three tests with the presented summarized
basic statistics of the dataset. Analysis of the
interdependence of variables was carried out by
calculating linear Pearson correlation coefficients. It has been assumed that the regression
modelling of the potential usefulness of the
selected variable (explanatory) to model
another variable (explained variable) determines the absolute value of the high correlation
coefficient between these two variables. The
statistical analysis usually assumes that if the
correlation coefficient is >0.9, a very strong
linear dependence exists; 0.7- Sulfates distribution in surface and ground waters is
principally controlled by dissolution processes
and precipitation of mineral and amorphous
solid phases, dissolved oxygen concentration,
atmospheric
precipitation,
biological

Analytical methods
The measured parameters were determined by
the following methods: pH- potentiometrically
(SRPS H.Z1.111:1987), electrical conductivity
(ECw)-conductiometric
(SRPS
EN
27888:1993), total dissolved solids (TDS)gravimetric, CO32-; HCO3-; Cl- - volumetric, K+;
Na+ - plamenfotometric (APHA, 1992). The
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interactions, point and non-point pollution
sources (Hudak and Sanmanee, 2003; Souligny
and Hollabaugh, 2002). Concentration of
chlorides, sulfates, Ca and Mg in observed
samples are in recommended values (Table 2).
0.9-significant linear dependence; 0.4-0.7moderate linear dependence; 0.2-0.4-distinct
linear dependence, but low; <0.2-no linear
dependence (Dabioch et al., 2013).
Table 2. Average values of the water quality parameters
of irrigation water, along with the standard limits by
Republic of Serbia and irrigation water by US and FAO
Mean±
STDEV

Parameters

(n=60)

Duncun
et al.,
2000

Ayers
et al.,
1994

6.0-9.0

6.5-8.4

pH

7.85±0.35

ECw 25˚C
(dSm-1)

0.36±0.06

<0.7

TDS (mg.l-1)

359.73±121.62

0-2000

SAR

0.39±0.10

CO32-(mg.l-1)

5.7

30

HCO3 (mg l )

292.80±39.26

0-10 ә

Ca2+ (mg.l-1)

55.91±10.99

20-60

0-20ә
0-20ә

Cl-(mg.l-1)

22.10±4.41

0-30ә

50*

SO42-(mg.l-1)

29.46±5.77

0-20ә

50*

+

. -1

(mg l )

. -1

K (mg l )
+

. -1

11.34±1.58

5-20

ә

0-2

Na (mg l )

12.81±3.05

0-40ә

As (mg.l-1)

0.012±0.024

0.1

. -1

B (mg l )

0.064±0.026

Cd (mg.l-1)

0.0001±0.00004

Cr (mg.l-1)

0.0008±0.0006

Cu (mg.l-1)

0.0017±0.0016

0.2

Fe (mg l )

0.061±0.066

5.0

5.0

Ni (mg.l-1)
Pb (mg.l-1)
Zn (mg.l-1)

0.0028±0.001
0.0016±0.001
0.0064±0.0068

2.0

0.2
5.0
2.0

Hg (mg.l-1)

bdl

. -1

Plants for growth and development favors the
slightly acidic solution, or the pH should be
around 5.5. The pH is an important factor that
determines the suitability of water for a variety
of purposes, inter alia, for irrigation. The tested
samples showed pH values from neutral to
slightly alkaline during the second cycle of
sampling a growing trend (Figure 3). This may
be a drought which influences on an increased
flow of wastewater from agriculture and
households, and as well on intensive microbial
activity.
Conductivity is a measure of the ability of an
aqueous solution to carry an electric current.
Increasing levels of conductivity and cat ions
are the products of decomposition and
mineralization of organic materials (Begum et
al., 2008).

<1.0*

16.68±3.33

Mg

2+

. -1

Official
Gazette,
1994/2012*

0-15 ә

21.05±5.05

-

Figure 2. Average values of the water quality
parameters of Velika Morava River

Standard limits

2.0

0.05

0-2

1.0

0.01

0.01

0.1

0.5

0.2

0.1
0.1
0.1
1.0
0.001

*

References (listed below in reference list); bdl-below detection limit
- in me/l = mill equivalent per liter (mg/l ÷ equivalent weight = me/l);
in SI units, 1 me/l= 1 mill mol /liter adjusted for electron charge.
ә

RESULTS AND DISCUSSIONS
The seasonal and annual averages of
physicochemical characteristics are given in
Table 2 and Figure 2.
The pH value is a measure of alkalinity and
acidity of the water. If the value is less than
seven, the water or the aqueous solution is
acidic, and if it is higher, then it is alkali.

Figure 3. pH value of the tested water samples
in batches of monitoring

The aqueous salt solution and dissociated are
broken down into positive and negative ions.
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Electrical conductivity in natural waters is
generally with values less than usual.
Measurement of the conductivity is performed
at a specific temperature and it corresponds to
the presence of dissolved salts. These are most
commonly sodium chloride, and may be
present, and sodium sulfate, calcium chloride,
calcium sulfate, magnesium chloride etc.
Absolutely de-mineralized water does not
conduct electricity, but even with small
additions becomes a good conductor. Salts
dissolved in the water influence on increase of
the water conductivity values. Conductivity
measurements obtained indirectly calculate the
amount of salt. If the measured value is 1 μS
per liter of water it means that it was dissolved
approximately 0.7 g of salt. Some of a large
number of different elements dissolved in the
water favor the plant and their presence is
helpful, but sometimes useful for these
elements may become hazardous if their
concentration is high.
In all three cycles of analyzing the water from
Velika Morava (Figure 4), according to FAO
classification, the samples belong to a class of
water for drinking and irrigation, and as well to
a class for irrigation water.

determined that sampled water belongs to the
class C3, meaning that there is a high risk of
soil salinization (ECw values range from 0.750
to 2.250 dSm-1) (http://tnau.ac.in/eagri/ eagri50
/SSAC122/lec27.pdf).
Sodium adsorption ratio of irrigation water,
SAR is used to determine whether sodium (Na)
levels of water will cause soil structure to
deteriorate. Unadjusted SAR considers only
Na, Ca, and Mg (Duncan et al., 2000).
Total dissolved solids (TDS) are an important
characteristic for determination of the quality
of water for irrigation because it expresses the
total concentration of soluble salts in water.
Dissolved solids in water include all inorganic
salts, silica and soluble organic matter. Pure
water must be free from most suspended particles, which are responsible for turbidity. TDS
was the highest in summer due to evaporation
and reduced intake, which contributed to an
increase in concentration, and had the minimum
value in the rainy season, due to the increased
entry of rain and a corresponding reduction in
concentration at all locations (Figure 5).
Chlorides and sulfates are among the basic
components found in fresh water. Some of the
anthropogenic sources of chlorides in surface
water are agricultural activities (organic and
mineral fertilizers), sewage, landfill leakage,
industrial wastewaters etc. Scientific investigations proved that water with chloride
concentrations > 150 mg.l-1 are inappropriate
for irrigation due to their toxicity to crops
(Konstandinova et al., 2013; Szynkiewicz et al.,
2008).

Figure 4. ECw value of the tested water samples in
batches of monitoring

By classification of U.S. Salinity Laboratory,
all of the samples belong to the C2 S1 class of
water, where ECw values range from 0.250 to
0.750 dSm-1 and, as such, it can be used for
irrigation of the plants with medium tolerance
to salt, except for the sample points No. 2 and
3, where in the second cycle of sampling it was

Figure 5. TDS value of the tested water samples in
batches of monitoring
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Correlation coefficients between various
physicochemical parameters are shown in
Table 3. It shows the correlation between the
samples and the characteristics of the water
where the pH value has a significant negative
correlation to all studied parameters except to
the concentration of B (Gong et al., 2013; Eliot
et al., 2004). ECw values were positively
correlated to all studied parameters except to
the concentration of Cr, Fe, Ni, Pb and Zn.
TDS values show a positive correlation to the
concentration of As, B, Cd, Cu, Fe, and Ni, and
a negative to the concentration of Cr, Pb and
Zn in the samples of water.
The obtained results also implies on very strong
linear correlation for ECw-B in the studied
water samples, and moderate linear dependence
TDS-Ni; Cr-Fe; Cr-Ni; Cd-Ni; Cr-Pb; Fe-Ni;
Fe-Pb; Ni-Pb, for Ecw-TDS; Ecw-As; Ecw-Cu;
TDS-As; TDS-B; TDS-Fe; As-B; As-Cd; CdPb; Pb-Zn, distinct linear dependence, while for
the rest of observed parameters there is no
linear dependence.

Sulfates distribution in surface and ground
waters is principally controlled by dissolution
processes and precipitation of mineral and
amorphous solid phases, dissolved oxygen concentration, atmospheric precipitation, biological
interactions, point and non-point pollution
sources (Hudak and Sanmanee, 2003; Souligny
and Hollabaugh, 2002). Concentration of
chlorides, sulfates, Ca and Mg in observed
samples are in recommended values (Table 2).
The contents of trace elements and heavy
metals in the samples of water are generally
below the maximum allowable concentration
(MAC) (Official Gazette of Republic Serbia,
1994; 2004).
The main sources of metal pollution of natural
water are: industrial and domestic wastewater,
agricultural activities, mining, waste and
intermediate products from power plants,
factories for the production of non-ferrous
metals, sludge from sewage treatment plants for
municipal and industrial wastewater, as well as
the processes of natural erosion and
sedimentation (Aktar et al., 2010).
The observed diversity in the results together
with the demonstrated dynamic variations
suggests impact of a number of various
environmental factors on the pattern of metals
distribution in the water. In this regard (Ozmen
et al., 2004), reported that the concentration of
metal ions strongly depend on the biological
processes, redox potential, ionic strength, pH,
the activity of organic and inorganic chelators
and the purification processes in water.

CONCLUSIONS
Results from water samples showed that the
concentration of heavy metals in the water of
the Velika Morava River in most of the
samples analyzed is within the MAC values.
Variations of the content of heavy metal
concentrations in the water are the result of a
wide range of human activities (primarily
agriculture) in the study area and water levels
throughout the year.

Tabele 3. Correlation coefficients between water characteristics in Velika Morava River (n=60)
pH
ECw
TDS
As
B
Cd

pH

ECw

TDS

As

B

Cd

Cr

Cu

Fe

Ni

Pb

Zn

1

-0.337

-0.427

-0.084

0.029

-0.272

-0.258

-0.299

-0.363

-0.522

-0.477

-0.159

1

0.229

0.355

0.929*

0.074

-0.810

0.280

-0.309

-0.245

-0.894

-0.173

1

0.208

0.332

0.184

-0.426

0.080

0.386

0.614

-0.466

-0.189

1

0.347

0.302

-0.363

0.198

-0.453

0.036

-0.221

-0.150

1

0.059

-0.833

0.139

-0.395

-0.175

-0.869

-0.027

1

-0.346

0.100

-0.370

0.468

0.257

-1.000

1

-0.260

0.599

0.552

0.667

0.198

1

-0.872

0.032

-0.055

-1.000

1

0.430

0.455

0.029

1

0.630

0.168

1

0.315

Cr
Cu
Fe
Ni
Pb
Zn

1
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Based on the obtained and analyzed results of
testing the quality of water for irrigation from
the Velika Morava River, it can be concluded
that it can be used for irrigation of crops and
soil in the vicinity of said water flow to the
restrictions and frequent quality checks during
the summer months.
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pload/2007_07_10_methods_method_200_7.pdf
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water quality as a source for irrigation in agriculture
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Abstract
Initially, each soil type has a certain level of acidity depending on the composition, the natural vegetation, the amount
of rainfall and various other factors that cause changes in soil pH over time. Soil amendment in order to obtain an
optimal pH improves also the yields for long-term. This paper refersto the selection of an agriculture lime material to
be used in experiments on acidity correction of an acid soil. In Romania, according to official data are obtained
annually approximately 75 000 t of steel slag. If the slag is not dangerous for the environment and public health, then
the priority should be given to the use of recycled materials. Considered an unconventional amendment, steel slag was
selected taking into account its quality and association with legislation. Steel slag presented an Amendment
Neutralization Potential very high (ANP = 114%) reported to the content of calcium oxide and magnesium oxide. Steel
slag can be considered a mineral amendment used to improve soil acidity, and also a source of calcium and
magnesium. Using steel slag as amendment for acid soils can be considered a potential and significant environmental
risk, which is why the whole process of amendment must be conducted in terms of environmental protection.
Key words: amendment, steel slag, acid soil.

INTRODUCTION
Soil acidification, or a decrease in soil pH, is a
natural process that is accelerated by crop
production practices, primarily the use of
nitrogen (N) fertilizers such as urea,
ammonium sulfate, or other fertilizers
containing ammonium-N (Anderson et al.,
2013).
Seco et al. (2011) studied the effect of adding
different fertilisers (lime, natural gypsum,
magnesium oxide) on the swelling and strength
behaviour of highly expansive clay soil. The
results showed that adding 2% of lime with 1%
of magnesium oxides tremendously reduced the
swelling percentage of the treated clay soil.
Onur (2009) investigated the effect of
limestone and marble dust on the swelling
behaviour of expansive soils. The results
showed that around 21-28% reduction in the
percentage swell was achieved when 5% of
dust added to the treated soil. Some researchers
have turned their attention to industrial
byproducts for the purpose of ameliorating acid
soils (Li et al., 2010). Biomass ash (BA) is the
byproduct of combusting biofuels in biomass
power plants. It is reported that some BA, such
as wood and straw ashes, not only contain an
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amount of alkalis, but also contain significant
amounts of K, Ca, Mg and other nutritional
elements (Mozaffari et al., 2000). Therefore,
BA could ameliorate soil acidity and improve
soil nutrient levels (Park et al., 2005).
Bone meal (BM) is a byproduct of the bone
rendering industry and has been authorized as a
fertilizer for arable crops in regulation No.
181/2006 of the European Commission since
2006. It is regarded as an effective resource of
P for crops due to the large amount of P in BM
(Garcia and Rosentrater, 2008).
Alkaline slag (AS) is the waste of ammoniaalkali production of sodium carbonate, with sea
salt and limestone as raw materials. Some
studies suggested that application of AS can
effectively alleviate acidity of topsoil and
subsoil due to the high contents of alkaline
substances and CaCl2 (Li et al., 2015).
Most researches just focus on the effect of a
single amelioration material on soil acidity.
However, it is difficult to thoroughly deal with
soil acidity and nutrient deficiencies with any
one of BA, BM or AS. While, combined
application of BA, BM and AS may ameliorate
soil acidity and improve soil fertility
simultaneously (Shia et al., 2016).
Broken carbonate rocks, generically defined as
limestone or calcium carbonate, are widely

used materials in removing direct or indirect
unwanted effects of acidity. With a high
basicity, steel slag can be used in agriculture to
improve soil acidity and their mineralization.

and the right amount of amendment material
necessary to neutralize this acidity. Once this
quantity determined, anagriculture lime
material will be selected and will have to
satisfy economically recommendations and soil
test results to maximum, with efficient yield.
However, before taking into account the
necessary amount of amendment, is fair
knowledge of the agriculture limematerial, its
quality and association with legislation.
Limestone
amendments
qualityused
in
agriculture varies significantly and should be
an important consideration in the management
of these amendments.
Among the most important factors in
determining the amendment quality are
chemical purity, speedof reaction, magnesium
content, etc.
The chemical purity of limestone amendments
determines how much material can neutralize
soil acidity. The chemical purity is indicated by
Calcium Carbonate Equivalent (CCE) of
material, amount that can neutralize soil acidity
compared to pure calcium carbonate (calcite
limestone, CaCO3).
Calcium carbonate equivalent to some
agriculture lime material is given in Table 1.

MATERIALS AND METHODS
In principle, the acidic reaction correction of
soil is performed by adding substances into the
soil containing Ca, Mg known aslime
amendments (limestone, lime, dolomite etc.) to
neutralize the soil acidity to the desired pH (or
optimal saturation basesdegree, usually 80%).
Fine texture of lime amendments improves the
structure and this involves several positive
attributes including reduced formation of the
crust, a better plant emergence, fewer
requirements
regarding
the
necessary
operations in soil tillage (Beegle et
Lingenfelter, 1995).
The required amount of amendment depends
on: the size of acidity and soil texture; change
of desired pH; amendment composition.
Amendmentparticles fineness is important to
ensure a quick amendment reaction.
A good amendment program is based on a soil
test that determines the degree of soil acidity

Table 1. Common agriculture lime materials (Beegle et Lingenfelter, 1995)
Material

Chemical formula

Pure calcite limestone
Dolomitic lime
Calcium oxide
Calcium hydroxide: hydrated, powder
Marl and shells
Slag (various)
Primary product obtained from industrial residues
(by-product)

CaCO3
(Ca, Mg)CO3
CaO
Ca(OH)2
CaCO3
CaSiO3

% ECC
(Calcium Carbonate Equivalent)
100
109
179
136
70–90
60–90

varies

varies

The speed of reaction which an agriculture lime
material reacts with soil to neutralize the
acidity, and thereby increase the soil pH is
determined by the material fineness.
The finer the material is, the faster it will react
becauselimestone solubility increases with
fineness. The agriculture lime material should
react with the soil as soon as possible.

The agriculture lime material fineness is given
by the material percentage passing through
sieves of specified meshes (Beegle and
Lingenfelter, 1995).
Number of the sieve mesh, the finer material
will be. The effect of the agriculture lime
material fineness (particle size) on the speed of
reaction is shown in Figure 1 (Beegle and
Lingenfelter, 1995).
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Figure 1. Effect of the agriculture lime material fineness on the speed of reaction

oxide in order to prevent "extinction" or
carbonate transformation.
It is important to remember that not all steel
slags are similar, they vary in composition,
quality and fineness.
The legal status in terms of ferrous slag, such
as classification as a residue and as a product or
by-product has been discussed over the world
for more than 25 years. EUROSLAG presented
its point of view on this issue in 2006 a
document entitled "The legal status of slags"
(EUROSLAG & EUROFER, 2012)
This document refers only to furnace slag and
steel slag, slag excluding other types such as
nonferrous slag. EU Framework Directive
2008/98/EC on waste include steel slag in
residue (waste) list. (Waste Framework
Directive 2008/98/CE).

The material passed through 100 mesh sieve
neutralized soil acidity with an increase in pH
to value 7.0.
Choosing a material in terms of the percentage
of particles sizes is a decision to be taken so
that the material is fine as to satisfy the
agronomic point of view, but also be
economical in terms of shred cost.
A finer agriculture lime material is
recommended in situations that require a very
quick reaction.
In addition to the capability of neutralizing, the
limestone it serves as a source of calcium and
magnesium.
Steel slag is an accessible mineral amendment,
used as the equivalent of calcium carbonate as
adsorbent and fertilizer with manganese and
silicon.
Steel slags are materials that combine the
usually conditions for soil correction beside
phosphate, magnesium and sulphur content,
steel slag contains from 35% to 45% calcium
oxide which makes it a soil treatment in
restoring the natural balance of acid soils
(www.cst.com.br).
Using slag has a great advantage over
conventional amendments as long as calcium
oxide present in the steel slag is chemically
combined with silicon, iron and manganese.
This allows for gradual release of calcium

RESULTS AND DISCUSSIONS
Soil acidification is reversed by adding a liming
material. Liming materials are oxides,
hydroxides, carbonates, and silicates of Ca
and/or Mg. The anion in liming materials
(chemically speaking, a “base”) reacts with soil
acidity (H) to neutralize it (Figure 2). The most
common liming material, “aglime,” supplies
carbonate as the base. Calcium alone does not
increase soil pH. For example, gypsum
(calcium sulfate) and other additives contain
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Cabut do not contain a basic anion (carbonate,
hydroxide, oxide, or silicate). Therefore, they

do not neutralize soil acidity (Anderson et al.,
2013).

Figure 2. Soil acidity reacts with lime to form water and carbon dioxide. The carbon dioxide gas is lost to the
atmosphere. This chemical reaction continues until all of the lime has reacted. Figure by Dan Sullivan

In Romania, according to official data are
obtained annually approximately 75,000 t of
steel slag. Have been identified as sources of
steel slag (Popescu et al., 2016):
 manufacturer of steel equipment for
energy industry;
 manufacturer ofalloy steel for the
production of rolling stock;
 manufacturer of semi-finished long steel
products.

The paper refers to the selection, collection and
characterization of steel slag used for the
purpose of amending an acid soil. Uniform lots
of sample slag were established given the
variety in composition, particle size and
quality.
The granulometric composition of the slag is
presented in Table 2 (Popescu et al., 2016).

Table 2. The granulometric composition of the slag (n = 3)
Granulometric fraction
> 0.09 mm
> 0.06 mm
< 0.06 mm

It is noted that the fine fraction predominate,
meaning that 90.8% are particles smaller than
0.06 mm.

%
6.2
3.0
90.8

Steel slags have generally, higher specific
weight (3.2-3.6 g/cm3), which is a consequence
of the residual metals existence in their
chemical composition (www.nationalslag.org).

Table 3. The chemical composition of the steel slag (n=3)
Element

Steel slag

Na
Ca
B
Fe
Mg
Al
Si
Zn
Cu
Ni
Cr
Pb
Sn
Sb
Mn
Cd
Ti

%
0.029
41.50
0.08
1.80
8.40
3.10
8.80
0.010
0.005
0.005
0.027
0.009
0.009
0.001
0.95
0.001
0.12
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The chemical composition of the steel slag is
presented in Table 3. It have been found a high
content of calcium and magnesium as well as a
rather high content of silicon.
Slag material has a very strongly alkaline
reaction with a pH by 11.96.
The total content of soluble salts is very high
(conductometric residue = 717 mg/100 g slag).

Sample
Steel slag

It have a very high amendment neutralization
potential (ANP = 114%) reported to the
calcium oxide and magnesium oxide contents
and expressed as a percentage of calcium oxide
(25%) (Treatwell and Zurcher, 1939). Some
chemical characteristics of steel slag are
presented in Table 4.

Table 4. Some chemical characteristics of steel slag (n=3)
ANP*
CaO**
Conductometric residue
pHH2O
(%)
(%)
(mg/100 g slag)
11.96
114
25
717

*ANP: Amendment Neutralization Potential, after Treadwell method, 1935
**CaO: content estimation of Ca and Mg oxides and hydroxides in limestone amendments, direct titration method

CONCLUSIONS
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The steel slag have a very strongly alkaline
reaction (pH = 11.96).
In terms of calcium carbonate equivalent, based
on the contents of calcium oxide and
magnesium oxide (expressed together as a
percentage of calcium oxide) steel slag has
anamendment neutralization potential very
high.
Steel slag can be considered a mineral
amendment used to improve soil acidity, and
also a source of calcium and magnesium.
Due to the high content of metals and soluble
salts, using steel slag as amendment for acid
soils can be considered a potential and
significant environmental risk, which is why
the whole process of amendment must be
conducted in terms of environmental
protection.
ACKNOWLEDGEMENTS
The financial support provided by ANCSI project no. PN 16 07 03 03 - Soil reaction
corecting of acid soil by amending with steel
slag and the impact of its use on soil.
REFERENCES
Anderson N.P., Hart J.M., Sullivan D.M., Christensen
N.W., Horneck D.A., Pirelli G.J., 2013. Applying
Lime to Raise Soil pH for Crop Production (Western
Oregon), Archival copy. For current information, see
the
OSU
Extension
https://catalog.extension.oregonstate.edu/em9057, p.
21.

199

***EUROSLAG & EUROFER - Position Paper, 2012.
Position Paper on the Status of Ferrous Slag
Complying with the Waste Framework Directive
2008/98/CE (Article 5/6) and the REACH Regulation
Waste Framework Directive 2008/98/CE of the
European Parliament and of the Council of 19
November 2008 on waste and repealing certain
Directives.

***www.cst.com.br. Arcelor Mittal Brazil - Product Coproducts - Applications.
***www.nationalslag.org Ghide for the Use of Steel
Slag in Agriculture and for Reclamation of Acidic
Land. NSA - National Slag Association, P.O. Box
1197, Pleasant Grove, UT 84062.

200

AgroLife Scientific Journal - Volume 6, Number 1, 2017
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

HAS THE LEADER PROGRAMME BEEN EFFECTIVE
IN PROMOTING LOCAL RURAL DEVELOPMENT? AN EVALUATION
ON TWO ROMANIAN REGIONS
Cristina Bianca POCOL1, Călin MOLDOVAN-TESELIOS2, Daniele CAVICCHIOLI3,
Mirela Irina CORDEA1
1

University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Faculty of Horticulture,
3-5 Mănăștur Street, Cluj-Napoca, 400372, Romania
2
Metro Media Transylvania, Cluj-Napoca, Romania
3
University of Milano, Department of Environmental Sciences and Policies, Italy
Corresponding author email: daniele.cavicchioli@unimi.it

Abstract
The aim of the research was to evaluate the effects of projects developed by Local Action Groups (LAGs) on the
economic development of rural areas in two development regions of Romania: North-West and North-East. Using
Propensity Score Matching (PSM) we have compared communes belonging and not belonging to a LAG having similar
characteristics, observing their differences in terms of outcome variables (turnover, number and employees in
non-agricultural firms). Results show that there is not a statistically significant difference in change (2011-2015) of
outcome variables between the two groups, both in the whole sample and in each region. This points to a lack of
effectiveness of LAGs projects in promoting non-agricultural rural development. Furthermore, according to regression
results, the outcome indicators are significantly affected by the degree of socio-economic development at the beginning of
the examined period.
Key words: Leader, impact evaluation, rural development, economic growth, Propensity Score Matching.

INTRODUCTION

development potential: improvement of
economic, social, environmental aspects of
rural area - employment, education, health,
living standard and quality of life (Rahoveanu
and Rahoveanu, 2013; Albu and Chițu, 2014).
About 163 Local Action Groups (LAGs
henceforth) were chosen over the period 2011.
These groups represented a prominent part of
both total (63%) and of the Leader (58%)
eligible
population
(National
Rural
Development Program, 2014-2020). LAGs
proved to be successful both in terms of teams’
organisation and for their capacity to absorb
European Union funds (The National Network
for Rural Development, 2015). Mosora (2012)
considers that Leader initiatives in Romania
represented an economic driver for rural
communities and small towns.
Nevertheless LAGs project design skills
suffered of lack of innovativeness, yielding
proposals quite similar to those presented over
the previous National Rural Development
Programme 2007-2013 (The National Network
for Rural Development, 2015). The Leader
approach in terms of innovation can be

Leader Program ('Links between the rural
economy and development actions') represents
an integrated part of rural development policy
in the European Union countries. The main
principles of Leader are: ‘partnership’,
‘bottom-up’
‘territorial
development’,
‘innovation’ and ‘cooperation’. Leader
Program represents a tool for the socioeconomic development of rural areas, through
local initiatives and innovations (Esparcia et
al., 2016). Leader approach, which has been
used for 20 years, allowed local actors to
valorise local resources and to create local
development strategies through Local Action
Groups (LAGs). These entities are created by
public, private and civil partnership and they
are selected for financial support by the
management authorities of European Union
member states. LAGs carry out projects,
obtained by grants competition (European
Commission, 2016).
The Leader Program in Romania started in
2011 and aimed at the valorisation of rural
201

Program, for both purposes: self-evaluation and
external evaluation. The impact assessment
could be achieved by using qualitative,
quantitative or triangulated approaches. The
tools used can be more conventional (desk
research, interviews, surveys, census, focus
groups and case studies) or more technical and
sophisticated (“Most Significant Changes
(MSC) Monitoring”, “The Potential and
Bottleneck Analysis (PBA)”, “Plugging the
leaks”, “Social Network Analysis”, “Social
accounting”, “Measuring the improvement in
rural community capacity”, “Social Return on
Investment (SROI)”, “RUDI, the Rural
Development Impacts”). Such tools have been
used in different contexts across European
countries, in order to assess the outcomes of
Leader programs.
Annibal and Price (2014) used the SROI
approach to measure the economic growth at
local level and the long-term effects of Leader.
Grieve and Weinspach (2011) developed a
working paper on capturing impacts of Leader
and of measures to improve quality of life in
rural areas and identified four categories of
impact: socio-cultural, environment, rural
economy and governance.
Evaluations on Leader’ impact made in England
demonstrated an effective neo-endogenous
development: diversification of production,
competitiveness and maximisation of local
resources, empowerment of local communities
through participation in networks and projects
that meet local needs (Bosworth et al., 2016).
The neo-endogenous development concept is
focused on the valorisation of local resources
and participation of local actors in the creation
and implementation of local development
strategies (Guzal-Dec and Zwolińska-Ligaj,
2016).
The impact assessment of Leader Program in
Spain reveals the fact that important progress
was made in terms of diversification of rural
economy, improvement of governance and
social capital (Esparcia et al., 2016).
Sometimes, Leader was perceived by local
society as an “instrument of power” which
determined the rise of conflicts and tensions
among different stakeholders (Esparcia et al.,
2016). In Spain, the economic development is
the most recognizable function of Leader
Program by local stakeholders, more important

understood as the original way of Local Action
Groups to identify opportunities, to explore
local resources, to change the agricultural and
non agricultural sectors, to integrate
sustainability issues in their projects (Spada et
al., 2016).
In a recent study about the initiatives for
promoting innovation among Local Action
Groups in Romania, Pocol and Kassai (2016)
show that, in the programming period 20072013, these actions met to a smaller extent the
Leader’ anticipations on innovation. Petrescu
(2015) considers that innovation was difficult
to be found in the Romanian LAGs projects
due to various factors: the confusion created,
the lack of concept understanding among
different stakeholders involved, including
management authorities and the excessive
bureaucracy. The innovation continues to be an
important aspect of Leader approach in the
programming period 2014-2020 and lies in how
LAGs manage the opportunities identified at
local level, for example: promoting energy
efficiency, renewable energy, ICT, local
products, natural and cultural heritage (The
National Network for Rural Development,
2015).
Studies made in Italy demonstrated a contrast
between the perception of innovation: “from a
programmatic point of view” innovation is seen
as an important tool for the development of
territories, in terms of competitiveness, social
and cultural aspects, “on a local scale” it is
reduced to “a product or process innovation”
(Labianca et al., 2016). Subjects involved in
Leader programs across European Countries
too often interpret the concept of innovation in
a disappointing manner (Katonáné Kovács et
al., 2016).
According to Annibal and Price (2014), Leader
can provide instruments, named “small-scale
interventions” for encouraging entrepreneurial
activities, having as a consequence the
sustainable economic growth of rural space.
The European Commission through the
Regulation (EU) No. 1305/2013 recommends a
stronger assessment of rural development
programs, including LAGs activity, hence
evaluation is “the eight feature of Leader”
(ENRD, 2016). The European Network for
Rural Development (2016) provides different
tools and methods in evaluating the Leader
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3. The impact of LAGs on the development of
non-agricultural activities is influenced by the
socio-economic development of the communes
under analysis, where the socio-economic
development is measured with IDSL, an index
of social development calculated by Sandu
(2011) as factorial score from 7 indicators:
community level education, the average age of
people over 14 years, life expectancy at birth,
number of vehicles/1000 inhabitants, average
living floor space, gas consumption/capita and
residence.

than governance, social capital or local
empowerment (Esparcia et al., 2015). A SWOT
analysis of the local development strategies
belonging to Local Action Groups in Austria
reveals the fact that social issues are still
subordinate to economic issues (Dax and OedlWieser, 2016). The correlation between the
socio-economic development of the Romanian
regions
measured
by
GDP/capita,
unemployment rate, VDI (village development
index) and the value of the LAGs projects was
analyzed by Mosora and Mosora (2012). Their
results demonstrated a negative correlation in
the case of GDP/capita and VDI and a positive
correlation in the case of unemployment rate.
There is an increased tendency to recognise the
importance of economic activities based on
innovation, modernisation and valorisation of
local resources and also the role of
entrepreneurship for rural development (Dax
and Oedl-Wieser, 2016). The technicalentrepreneurial dimension was also mention by
De Los Ríos-Carmenado et al. (2012) as being
an important factor for increasing regional
competitiveness.
Given all the above-mentioned considerations,
our research goal points to evaluate the
effectiveness of projects carried out by LAGs
in two different Romanian regions. The impact
of LAGs projects is measured in terms of
effectiveness in fostering both diversification
and development of non-agricultural activities
in rural areas; the level of employment in nonagricultural firms is also evaluated.
The paper aims to contribute to the existing
literature by assessing the impact of Local
Action Groups on the economic development
of rural areas, measured in terms of number of
non agricultural companies, total turnover and
number of employees (dependent variables).
Such evaluation exercise starts from some
hypothesis to be confirmed or rejected, based
on data evidence:
1. Local action groups (LAGs) created in
North-Western and North-Eastern Regions of
Romania had a positive impact on the
economic growth of rural areas belonging to
these regions.
2. The impact of LAGs creation on the
development of non-agricultural activities is
different in the above-mentioned regions under
study.

MATERIALS AND METHODS
The research area was represented by the
North-West and the North-East development
regions of Romania. These units belong to the 8
Romanian regions (level 2 of the Nomenclature
of Territorial Units for Statistics) and were
established in 1998 with the purpose to
attenuate the disparities between territories and
to create a better social and economic cohesion.
According to Eurostat (2016), the GDP/capita
in 2014 was 6500 € in the North-West Region
and only 4700 € in the North-East Region (one
of the lowest regions in EU ranking of
economic development). The unemployment
rate in 2014 was 3.8% in the North-West
Region and 6.6% in North-East Region. In the
same years, there were 1301 registered
emigrants in the North-West Region and 1964
in North-East Region (National Institute of
Statistics, 2016).
The strong differences in terms of socioeconomic development indicators guided our
choice in selecting the two regions for this
analysis.
In order to test the validity of previous
mentioned hypothesis, we made use of
statistical matching techniques, in particular of
Propensity Score Matching (PSM). According
to the literature, PSM is a well-known
instrument used in a variety of research fields.
Many authors used it in healthcare studies to
measure the effect of a treatment by comparing
two groups of patients - treated and non-treated
(Austin, 2011). In agriculture, PSM was used to
measure the impact of farmer fields schools on
crop and livestock productivity (Davis et al.,
2012), the effects on direct selling on farming
profitability (Caracciolo et al., 2015), the
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we identified 82 LAGs in the regions under
study (Figure 1), which comprises 282 rural
UATs (municipality). A set of 627 UATs that
do not belong to a LAG have been considered
to select the control group (according to the
procedure described in the second step) to be
compared with the intervention group (UATs
belonging to a LAG) according to the procedure
described in the third step.

impact of cooperative membership on
agricultural intensification and increased
market orientation for the small farms
(Verhofstadt and Maertens, 2014) or the effect
of farm succession on performance (Bertoni et
al., 2016). PSM was also used in other fields:
education (Hong and Raudenbush, 2005) and
policy evaluation research.
In our study, PSM was used to assess the
impact of implemented projects developed by
LAGs on the establishment of small and
medium non-agricultural enterprises and
economic growth of rural areas. The statistical
tool was also used to test whether the impact of
LAGs creation was influenced by the socioeconomic development of the commune. The
main arguments for using this method were: the
data availability for both categories - LAG
members or non-members, the advanced stage
of projects implementation and the relevant
dimension of the sample.
In the present analysis the statistical unit on
which all the relevant variables are computed is
the UAT (commune). The National Institute of
Statistics (2016) defines the commune as a
“territorial-administrative unit which includes
one or several villages comprising rural
population, and it is organized according to
economic, socio-cultural and geographical
conditions.
The idea behind the PSM is to measure the
treatment effect consequent to an external
shock, such as a policy intervention. In our case
the treated group are the UATs belonging to a
LAG (and the treatment are development
projects promoted by each LAG). In order to
measure the true effect of LAG membership,
the PSM selects a counterfactual group of
UATs that are as much as possible similar to
LAGs UATs, except for LAG membership.
The selection of counterfactuals is based on
observable characteristics of the treated group
listed in the first step. Such observable
characteristics are also called confounders. The
PSM make a statistical matching, comparing
the treated and the control group, measuring the
treatment effect (LAG membership) in terms of
outcome variables. The outcome variables of
interest are number of non-agricultural
enterprises, number of employees in nonagricultural enterprises and turnover (volume of
sales) of non-agricultural enterprises. Initially,

Figure 1. The 82 LAGs used in the research
Source: own composition

Propensity Score Matching consisted of several
systematic steps, using the SPSS program
(Thoemmes, 2012).
The first step was the selection of a proper pretest covariates (confounders) used to select a
control group of UATs that is similar to the
UATs belonging to a LAG. The authors build a
set of confounders: housing infrastructure (total
number of dwellings, number of majority state
ownership dwellings, number of majority
private
ownership
dwellings,
finished
dwellings, finished dwellings - of which: of
population funds, finished dwellings - of which:
of private funds, total living floor space, living
floor space - majority state ownership, living
floor space - majority private ownership, total
length of network of drinking water, total
simple length of sewerage pipes, total length of
distribution pipes of natural gas); population,
vital statistics, internal and international
migration: total resident population, female
resident population, total number of live-births,
total number of deaths, number of deaths under
one year, late foetal deaths, marriages, divorces,
settling of domicile - including external
migration, departures from the domicile including external migration, settlings of the
residence, departures from the residence,
emigrants, immigrants); working force: total
number of employees; infrastructure of
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(UAT from LAG) was matched to a single UAT
from control group (non-LAG member). After
the logistic regression, which gives us the PSM
score, the matching (fuzzy procedure, with +/0.05 tolerance) can matched only 164 UAT
without replacement (Table 2).

education: school units, pupils enrolled in
education
system,
classrooms,
class
laboratories, number of PC-s in the school,
total number of libraries, public libraries,
museums; infrastructure of health: ancillary
medical staff – public ownership, ancillary
medical staff – private ownership, pharmacies –
private ownership, pharmaceutical offices –
private ownership, dentist’s surgeries – public
ownership, family surgeries – public
ownership, family surgeries – private
ownership, general surgeries – private
ownership; tourism: total number of touristic
accommodation units, touristic accommodation
capacity, arrivals of tourists accommodated in
the structure of tourists reception, staying
overnight in the establishments of touristic
reception; distance to the nearest town. This set
of variables has been computed for each UAT
both belonging and not belonging to a LAG.
The second step was the estimation of
Propensity Score based on the abovementioned covariates.
This was done using the following regression
equation (Thoemmes, 2012):

Table 2. The structure of the sample
Control Group
Intervention group
Total

North-East

North-West

88 (53.7%)
129 (46.3%)
258 (100.0%)

76 (45.7%)
153 (54.3%)
306 (100.0%)

Total
164
282
564

The fourth step consisted in several models
adequacy checks. It was applied a balancing test
to examine if plausible counterfactuals was
obtained after the matching procedure (Lee,
2013). The Kolmogorov-Smirnov test indicates
a value of p=0.994, sig.=0.277, which means
we cannot reject the null hypothesis, and we
have a balanced selection of covariates. The
Paired Samples Test was also used to test the
differences between the intervention and
control groups.
These differences between 2015 and 2011 were
calculated for the following aspects: number of
existing non agricultural companies (dif_f intervention group, dif_fp - control group), total
turnover of these companies in euro (dif_ca intervention group, dif_cap - control group),
total number of employees belonging to these
companies (dif_sa - intervention group, dif_sap
- control group). A General Linear Model was
applied in order to test the third hypothesis.

e(x) = P (Z=1 | X)
where:
(x) is the abbreviation for propensity score, P is
the probability, Z=1 a treatment indicator with
values 0 for control and 1 for treatment, “|”
stands for conditional on and X represents the
set of observed covariates (Thoemmes, 2012).
The quality of PSM model, the measure of how
the model fits the data is offered by a set of
statistical indicators (Cox & Snell R Square
and Nagelkerke R Square). As we can see in
the Model summary table (Table 1), the values
of Cox & Snell R Square and Nagelkerke R
Square are at a medium level (the superior limit
of Cox & Snell R Square is variable and under
1), indicating a reasonable fitting model.

RESULTS AN DISCUSSIONS
The comparison between the intervention group
(UATs belonging to a LAG) and the control
group (matched UATs not belonging to a LAG)
has been based on three outcome variables used
as proxy of economic growth in rural areas.
Such variables are the number of nonagricultural companies, their sale volume
(turnover) and the number of their employees,
all referred to each UAT.
The comparison is carried out over the period
2011-2015.
In both groups, the average number of nonagricultural
businesses/commune
UAT
increased. The trend was quasi-linear for both
groups, with an increase of approximately 40%
(Figure 2).

Table 1. The results of regression equation

Model Summary
-2 Log
Cox & Snell R
Nagelkerke
likelihood
Square
R Square
1
730,961a
0.352
0.496
a. Estimation terminated at iteration number 20 because maximum
iterations has been reached. Final solution cannot be found.
Step

The third step consisted in matching procedure,
using the nearest neighbour technique, meaning
that a single UAT from intervention group
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In the control group, we identified an increase
of the average turnover/commune, while in the
intervention group; it can be observed that the
growth is not linear (Figure 3).

and control groups have been computed
considering only 164 matched UATs in each
group.

Figure 4. The average number of employees
in non-agricultural companies/UAT (commune)

Figure 2. The average number of non-agricultural
companies/UAT (commune)

In order to capture the differential effect of the
Leader program, for each group has been
computed the change in the variable between
2011 and 2015 (see for example tables 3 and 5)
and then the change in the control group has
been subtracted to the change in treatment
group, obtaining the average treatment effect of
the LAG membership.
For such effect has been computed the
statistical significance in order to test whether
the change (2011-2015) in enterprises, turnover
and employees have been significantly different
as a consequence of LAGs membership (see
tables 4 and 6). Such results shows that between
2011 and 2015, in the intervention group, the
number
of
non-agricultural
companies
increased with an average of 6,800 companies,
while in the control group the number of
companies increased with 6,555 companies.
The difference between the two groups (Table
3), actually the impact of LAG, is 0.234
companies, but the value is not statistically
different from 0 (t=0.133, sig.=0.879) (Table 4).
Also, the average turnover (euro) of nonagricultural companies/UAT (municipality)
increased in the last 5 years with more than
2,000,000 euros in control group and with
almost 3,000,000 euros in intervention group.
But, the Paired Samples Test shows us that the
differences are not statistically significant.
Regarding the number of employees, there was
an increase in the last 5 years with 17,531, in
intervention group, and with 16,360, in control
group.
The difference of 1,171 is not statistically
different from 0.

Between 2014-2015, there was a decrease of
average turnover with 1,274,109 euro/UAT.
This can be explained by the fact that starting
to 2014, some companies were not prepared to
adapt their strategies to the new rules of
programming period 2014-2020.

Figure 3. The average turnover (mln euro)
of non-agricultural companies/UAT (commune)

Concerning the average number of employees
in non-agricultural companies / UAT
(commune), there was an increase trend
between 2011-2014, followed by a decrease
between 2014-2015 (Figure 4), in both
analyzed groups.
Table 3. Paired Samples Statistics
Change 2015-2011
Pair 1
Pair 2
Pair 3

dif_f

Mean

N

Std.
Deviation

Std. Error
Mean

dif_fp
dif_ca
dif_cap
dif_sa

6.800
6.555
2 876 366
2 118 944
17.531

164
164
164
164
164

8.364
18.068
8 654 674
6 294 738
87.256

0.653
1.412
67 582
491 536
6.814

dif_sap

16.360

164

73.671

5.753

The results of Paired Samples Test, used to
asses the differences between the intervention
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Table 4. Paired Samples Test
Paired Differences
Difference Intervention groupcontrol group
Pair 1

dif_f - dif_fp

Pair 2
Pair 3

Mean

Std. Deviation

Std. Error
Mean

95% Confidence Interval
of the Difference
Lower

Sig.
(2-tailed)

Upper

20.430

1.595

-2.906

3.394

0.153

163

0.879

dif_ca - dif_cap

757 422

10 213 517

797 542

-817 423

2 332 268

0.950

163

0.344

dif_sa - dif_sap

1.171

112.630

8.795

-16.196

18.537

0.133

163

0.894

the turnover – variable TURNOVER and
number of employees–variable EMPLOYEES)
regressed against two factors, LAG (1 –
intervention group and 0 – control group) and
time (2011 and 2015) and a covariate (IDSL),
which is an index of local development,
evidences indicate that LAGs membership does
not impact significantly on the three outcome
variables.
Table 5. Paired Samples Statistic by region
regio Change 2015-2011
North Pair 1
-West
Pair 2
Pair 3
North Pair 1
-East
Pair 2
Pair 3

dif_f
dif_fp
dif_ca
dif_cap
dif_sa
dif_sap
dif_f
dif_fp
dif_ca
dif_cap
dif_sa
dif_sap

Table 6. Paired Samples Test by region
Regio

NorthEast

df

0.244

In these conditions, we can see a progress in
terms of development of non agricultural
activities in intervention group, compared to
control group, but, due to the fact that the
difference is not statistically different from 0,
we cannot validate the first hypotesis. Then
there is not statistical evidence that Local action
groups (LAGs) created in North-Western and
North-Eastern Regions of Romania had a
positive impact on the economic growth of
rural areas belonging to these regions.
Including the region as a factor (Table 5), and
following the same reasoning done for tables 3
and 4, there are no statistical differences in the
effect of LAGs within the two-development
regions under study (Table 6).
Is the development of locality an influence
factor of the impact of LAGs in nonagricultural activities? If we test a General
Linear Model for our three observable variables
(number of companies–variable COMPANIES,

NorthWest

t

Pair 1

dif_f - dif_fp

Pair 2
Pair 3
Pair 1
Pair 2
Pair 3

dif_ca - dif_cap
dif_sa - dif_sap
dif_f - dif_fp
dif_ca - dif_cap
dif_sa - dif_sap

Mean
2.571
1 929 214
9.675
-1.816
-279 681
-6.356

Mean

N

9.727
7.156
4 702 784
2 773 570
27.533
17.857
4.207
6.023
1 259 880
1 539 561
8.678
15.035

77
77
77
77
77
77
77
77
77
77
87
87

Paired Differences
95% Confidence Interval of
Std. Error
the Difference
Std. Deviation
Mean
Lower
Upper
17.154
1.955
-1.322
6.465
14 003 661
1 595 865
-1 249 227
5 107 655
121.417
13.837
-17.883
37.234
22.846
2.449
-6.685
3.053
4 700 816
503 980
-1 281 561
722 199
104.372
11.190
-28.600
15.888

First example, in the case of the number of
companies, the goodness of fit of our model
indicates a value for Akaike's Information
Criterion (AIC) of 6,373,751 and Likelihood
Ratio
Chi-Square
value
is
113,638
(sig.=0.000). As we see in table of parameter
estimates, the value of coefficient for [LAG=1]
*[YEAR=2015] (the interaction between
groups and time) is -0.244, similar with the
value of difference result in Paired Sample
Test, but not statistical different from 0 (Table
7 and Table 8).

Std.
Deviation
9.904
13.078
11 944187
7 838 692
110.179
45.017
5.606
21.611
3 203 609
4 480 758
59.447
92.152

t
1.315
1.209
0.699
-0.741
-0.555
-0.568

Std. Error
Mean
1.129
1.490
1 361 166
893 302
12.556
5.130
0.601
2.317
343 463
480 388
6.373
9.880

df

Sig. (2tailed)

76
76
76
86
86
86

0.192
0.230
0.487
0.460
0.580
0.571

Table 7. Tests of Model Effects - companies
Source
(Intercept)
LAG
YEAR
LAG * YEAR
IDSL

Type III
Wald Chi-Square df
67.726
1
1.732
1
7.669
1
0.003
1
104.324
1

Dependent Variable: COMPANIES
Model: (Intercept), LAG, YEAR, LAG * YEAR, IDSL
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Sig.
0.000
0.188
0.006
0.960
0.000

Table 8. Parameter Estimates - companies
Parameter

B

(Intercept)
[LAG=0]
[YEAR=2011]
[LAG=1] * [YEAR=2015]
IDSL
(Scale)

95% Wald Confidence Interval
Lower
Upper
-48.778
-25.976
-10.967
4.405
-10.016
-3.582
-9.695
9.207
1.101
1.624
855.506
1062.240

Std. Error

-37.377
-3.281
-6.799
-0.244
1.362
953.285b

5.8169
3.9216
1.6414
4.8219
0.1334
52.6364

Hypothesis Test
Wald Chi-Square
df
41.288
1
0.700
1
17.158
1
0.003
1
104.324
1

Sig.
0.000
0.403
0.000
0.960
0.000

Dependent Variable: COMPANIES
Model: (Intercept), LAG, YEAR, LAG * YEAR, IDSL

Second example, in the case of the turnover,
the goodness of fit of our model indicates a
value for Akaike's Information Criterion (AIC)
of 25,608 and Likelihood Ratio Chi-Square
value is 66,898 (sig.=0.000). As we see in table
of parameter estimates, the value of coefficient
for [LAG=1]*[YEAR=2015] (the interaction
between groups and time) is -3,408,400,
higher than the value of difference result in
Paired Sample Test, but not statistical different

from 0 (Table 9 and Table 10).
Table 9. Tests of Model Effects - turnover
Source
(Intercept)
LAG
YEAR
LAG * YEAR
IDSL

Type III
Wald Chi-Square
df
33.443
1.399
4.010
0.092
39.763

Sig.
0.000
0.237
0.045
0.761
0.000

1
1
1
1
1

Dependent Variable: TURNOVER
Model: (Intercept). LAG. YEAR. LAG * YEAR. IDSL

Table 10. Parameter Estimates - turnover
Parameter

B

95% Wald Confidence Interval
Lower
Upper
-102 609 091
-47 809 218
-26 409 121
9 699 561
-29 708 827
3 821 535
-25 410 651
18 593 852
1 644 754
3 128 320
4 636 840E9
5 757 337E9

Std. Error

(Intercept)
-75 209 155
[LAG=0]
-8 354 780
[YEAR=2011]
-12 943 646
[LAG=1] * [YEAR=2015]
-3 408 400
IDSL
2 386 537
(Scale)
5 166 803E9
Dependent Variable: TURNOVER
Model: (Intercept), LAG, YEAR, LAG * YEAR, IDSL

13 979 816
9 211 568
8 553 821
11 225 845
378 468
285 288E9

Third example, in the case of the turnover, the
goodness of fit of our model indicates a value
for Akaike's Information Criterion (AIC) of
9,444,931 and Likelihood Ratio Chi-Square
value is 87,078 (sig.=0.000). As we see in
table of parameter estimates, the value of
coefficient for [LAG=1] * [YEAR=2015]
(the interaction between groups and time)
is -1,171, similar the value of difference result
in Paired Sample Test, and not statistical

Hypothesis Test
Wald Chi-Square
df
28.943
1
0.823
1
2.290
1
0.092
1
39.763
1

Sig.
0.000
0.364
0.130
0.761
0.000

different from 0 (Table 11 and Table 12).
Table 11. Tests of Model Effects - employees
Source
(Intercept)
LAG
YEAR
LAG * YEAR
IDSL

Type III
Wald Chi-Square
df
50.931
2.375
0.458
0.001
62.608

1
1
1
1
1

Sig.
0.000
0.123
0.499
0.981
0.000

Dependent Variable: EMPLOYEES
Model: (Intercept). LAG. YEAR. LAG * YEAR. IDSL

Table 12. Parameter Estimates - employees
Parameter
(Intercept)
[LAG=0]
[YEAR=2011]
[LAG=1] * [YEAR=2015]
IDSL
(Scale)

B
-407.992
-39.185
-17.530
-1.171
12.562
102,908

Std. Error
64.225
35.992
35.159
50.099
1.588
5,682

95% Wald Confidence Interval
Lower
Upper
-533.872
-282.112
-109.727
31.358
-86.440
51.379
-99.364
97.022
9.450
15.673
92,353
114,670

Dependent Variable: EMPLOYEES
Model: (Intercept), LAG, YEAR, LAG *YEAR, IDSL
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Hypothesis Test
Wald Chi-Square
df
40.354
1
1.185
1
.249
1
.001
1
62.608
1

Sig.
.000
.276
.618
.981
.000

in both Regions. The actions promoted by
LAGs have then been not effective in fostering
economic development, both in the North East
and in North West regions. Even if change in
economic indicators is not significantly
different between the two groups, it is relevant
testing whether and to what extent the three
indicators of economic development of nonagricultural activities are influenced by the
degree of socio-economic development
(research question 3). This point has been
addressed within a regression analysis
framework, where the dependent variables
were the economic indicators (number of
companies, turnover and employees) and the
explanatory variables were LAG membership,
time and a proxy of socio-economic
development (IDLS, described in the
introduction). It turned be out that economic
performance indicators are affected positively
and significantly by the initial degree of socioeconomic development (Tables 8, 10 and 12).
This result is compatible with a vast amount of
literature that points to a positive effect of
social capital (closely linked to socio-economic
development) on the economic prosperity of
rural areas.

Results emerged from the previous section
deserve to be discussed in some details. At first
glance, looking at Figures 2, 3 and 4 the
treatment group (having UATs belonging to a
LAG) seems to have better economic
development indicators than its counterfactual
group. Over all the examined period (20112015) the number of non-agricultural
companies, their turnover and their employees
were constantly higher in LAG communes than
in similar areas out of the Leader Program.
This seems to be a contradiction, as the Leader
Program is meant, among others, to bring less
developed rural areas at the same socioeconomic development level of other
territories. In our analysis the situation seems to
be reversed and this is a quite unexpected
evidence of our analysis that would suggest a
more depth inquiry about the level of socioeconomic development of those rural areas
included in the control group. This aspect,
however, is out of the scope of the present
analysis even if deserve attention in future
research. Moving to the comparison among the
three research questions and the results of the
analysis, the statistical evidence points to a non
significant treatment effect of Local Action
Groups
initiatives
on
the
economic
development of the rural areas under their
membership (Research question 1). The LAG
impact measurement is based firstly on the
change in outcome variables over the 20112015 period both in LAGs and non-LAGS
groups (second column table 3) testing whether
the difference in such change is statistically
significant between the two groups (last
column Table 4). From our analysis emerges
that in areas under Local Action Groups, the
improvement of economic indicators has not
been significantly higher than in similar areas
out of LAG initiatives. Such evidence,
however, pertains the whole sample of LAGsnon LAGs areas examined; it is then plausible
ask whether this lack of impact is different in
the two regions under scrutiny (North-East and
North-West), as pointed by the research
question 2. Following the same reasoning made
in answering to research question 1, Table 5
and 6 report the results of table 3 and 4 for the
two Regions. From the last column of Table 6
none of the impact variables are significantly
different between LAGs and non-LAGs groups,

CONCLUSIONS
In the present analysis we have tested the
effectiveness of actions promoted by Local
Action Groups (LAGs) in fostering the
economic development of non-agricultural
activities (measured in terms of number of
enterprises, their turnover and their employees)
in two regions of Romania. In particular has
been compared the 2015-2011 difference in
LAGs and non-LAGs areas. Statistical
evidence points to a non-significant difference
in economic indicators, suggesting that action
undertaken by LAGs did not achieve the goal
of promoting economic development of nonagricultural activities in rural areas of their
pertinence. Such lack of impact applies to both
of the regions examined (North-East and
North-West). The effect of socio-economic
development on economic performance in nonagricultural activities has also been tested, and
turned out to be positive and significant.
Interestingly in the group of communes
belonging to a LAG, the levels of non209

agricultural activities indicators were higher
than those observed in the control group
(communes not belonging to a LAG).
According to the criteria used to assign the
communes to a LAG the situation were expect
to be reversed. However we have not tested the
statistical significance of such difference
between groups, and this issue should be
explored more deeply in future researches. The
main point that emerges in our research is the
lack of efficacy of LAGs in promoting
economic development of non-agricultural
activities in the two regions examined over the
period 2011-2015. As LAGs are an important
tool of the Leader Program our results points to
two different considerations. The first one is on
the research side: further analyses are necessary
to confirm or refute our evidence, replicating
the impact assessment in other regions of the
Country
and
fixing
some
potential
methodological caveats in the present paper.
For instance a potential limitation is the lack of
counterfactual communes (164) with respect to
the whole sample of treated communes (282).
A possible improvement would be to enlarge
the number of counterfactuals, in order to have
more reliable results. On the policy implication
side, our evidence points to an in depth analysis
of the actions adopted by LAGs, in order to
isolate the less and more effective in achieving
the Leader Program goals, abandoning the
former and enhancing the latter. The kit of
qualitative methods for impact assessment
mentioned in the introduction may be useful in
performing such selection
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Abstract
Grain oil content and fatty acid composition are very important traits in sunflower. A research was carried on in 2014
and 2016 to determine planting date and climatic conditions effects on oil content and fatty acid composition, using
three sunflower hybrids (F 708, F 911, FD 15 C 44).
Samples of seeds were harvested at maturity and provided from experimental field conducted in two years at NARDI
Fundulea, Romania. The oil content and fatty acid composition of sunflower seeds were determined and analyzed using
a Soxhlet apparatus and gas chromatography according to the conventional method. The results of experiment and
analyses described in this paper showed that the planting date interact with climatic conditions and affect both the
quantity and the quality of the seeds yield. Climatic conditions was the main source of variance for the yield. The oil
content in sunflower seeds was very significantly affected by year, planting date and hybrids, as well as by most
interactions between these factors. The early planting date in both years led to an increase of grain oil content in all
studied sunflower hybrids. The results showed that there was a significant negative effect of 2014 conditions (low
rainfall during seed maturation) on the oleic acid concentration in all studied sunflower hybrids. The delay in planting
decreased the concentration of oleic acid and increased linoleic acid concentration in all sunflower hybrids, except
hybrid F 708, which is more stable in this regard. It is concluded that rainfall, genotype and planting date influenced
yield and fatty acid composition from seeds.
Key words: sunflower, planting date, climatic conditions, yield, fatty acid composition.

INTRODUCTION

percentage and fatty acid composition of oil
(Atanasi et al., 2010). Thus, the oleic
acid/linoleic acid sunflower ratio increases at
high temperatures occuring during seed
maturation and on contrary, decrease at lower
temperatures
conditions
(Chalermkwan
Sukkasem et al., 2013). The water stress
increase of oleic acid in the high oleic
sunflower hybrids but in the standard hybrids
the water stress caused a significant reduction
of the concentration of oleic acid (Baldini et al.,
2002; Petcu et al., 2001).
The productivity of sunflower is largely
determined by the prevailing weather
conditions throughout its life cycle and
imposed cultural practices (Vrânceanu, 2000;
Oshundiya et al., 2014). Of this planting date is
one of the most important cultural practices to
be considered in sunflower production, as it is
in all crops.

Sunflower (Helianthus annuus L.) is an
important oilseed crop whose oil content varies
from 25 to 50% of seed content (Sahari Khoufi
et al., 2014). Sunflower oil quality is
determined mainly by fatty acid composition.
This consists of different types of saturated
(palmitic acid, stearic acid) and unsaturated
fatty acids (linoleic acid, oleic acid) (Kowalski
2007). Traditional sunflower oil rich in linoleic
acid is used in the food industry and in various
commercial products while oil with high
proportion of oleic acid is more stable than
others and is desirable for improved quality of
life (Onemli, 2012).
The genotype is the most important factor that
defines the fatty acid composition (Petcu et al.,
2010) but also the environmental factors during
seed-filling period can widely affect the oil
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The main objective of this present work was to
study the influence of genotypes, planting date
and climatic conditions on some agronomic
traits and fatty acid composition of several
news Romanian sunflower hybrids.

with FID detector was used. Injector and detector
temperature were kept at 270 and 280°C. The
carrier gas was helium, with a flow rate of
20 ml/min.
RESULTS AND DISCUSSIONS

MATERIALS AND METHODS
The three standard sunflower hybrids provided
by Fundulea Research Institute (F 708, F 911
and FD 15 C44) were used in this study.
The seeds for analysis were produced during
two vegetation periods (2014, 2016) in the
experimental field of National Agricultural
Research and Development Institute at
Fundulea. The hybrids were sown at two
different planting dates (beginning of April and
May).
Evaluation of agronomic traits
Days to flowering, days to maturity, height of
plant, head diameter were measured as
agronomic traits. Height of plant was measured
(in centimeters) at the completion of flowering.
Five plants were selected at random from each
plot and their heights were measured from the
soil surface to top of flower. Five heads were
taken randomly from each plot and diameter of
each head was measured using measuring tape.
Determination of seed oil content and fatty
acid composition
The dry seeds were ground with a Waring
blender. Four grams of dried sunflower seeds
were extracted with petroleum ether for 4 hours
in a Soxhlet system (Buchi B-811, Germany)
according to the SR-EN_ISO 659/2003
method. The oil extract was evaporated by
distillation at a reduced pressure in a rotary
evaporator at 40°C until the solvent was totally
removed. The oil was extracted 2 times from a
2 g air dried seed sample by homogenization
with the same solvent. Oil content was calculated
with the formula: W0 = (m1/m0) x 100, where m1
is the weight (in grams) of total seed sample
and m0 is the weight (in grams) of air dried
seed sample.
The fatty acids were analysed by gas
cromatography (GS) according to the
conventional method. Thus, the transesterify of
triglycerides to fatty acid methyl esters was
performed with trimethylsulfoniumhydroxid
(TMSH). The capillary column (BP x 70) by
25 m lengths on a DELSI gas cromatography

Average temperatures in the experimental years
were higher than normal of the zone. In both
years of experimentation, July was above
multi-annual average by 2.3°C in 2014
respectively 1.4°C in 2016. The mean
temperature increased from sowing period
(April to May) to flowering period (August),
while it decreased a litlle during maturity
period (from August to October) (Table 1). The
years of experimentation were totally different
from the viewpoint of quantity and monthly
repartitions of rainfall. In 2016, the cumulated
rainfall from sowing to maturity stage was
341.1 mm, as compared with 436 mm recorded
in 2014 year (Table 1). In 2014, the cumulated
rainfall during May-June exceeded with
101.4 mm the normal of the zone (135.4 mm),
suggesting favorable conditions for sunflower
crop, but rains were unevenly distributed along
the sunflower vegetation period.
Thus, July and August registered a moisture
deficit of 41.05 mm, vs. multi-annual average
(Table 1). This moisture deficits increated
unfavorable conditions during reproductive
organs appearance and grain formation,
determining relatively smaller yields of
2395 kg/ha (F 911, late planting date) to
3300 kg/ha (F 708, early planting date) (Figure 1)
as compared to those in 2016.
Table 1. Average temperature (°C) and monthly
distribution of rainfall (mm) during the sunflower
vegetation period. Fundulea 2014, 2016
Month

April

May

June

July

Aug.

Sept

11

18.3

21.2

25.0

23.9

19.6

13.7

16.1

22.9

24.1

23.4

19.1

11.2

17.0

20.8

22.7

22.3

17.4

Rainfall 2014

82.8

100.6

136.2

52.1

27.3

37

Rainfall 2016
Multi-annual
average

73.7

81.2

43.7

31.3

64.6

46.6

45.1

61.84

73.59

70

50.5

50.22

Temperature
2014
Temperature
2016
Multi-annual
average
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The weather conditions of 2016 led to yields
between 3300 kg/ha (F 708, late planting data)
and 4100 kg/ha (F D 15 C 44, early planting
data) (Figure 1).
F 708

F 911

explained by excess of rainfall in May-June,
which that favored the growth of plants
(Table 3). The later planting date and higher
temperatures during 2014 led to an acceleration
of the processes of development, flowering and
maturity respectively (Table 3). In terms of
head diameter, it had higher values in 2016 and
early sowing. Which explains sunflower
productions obtained (Table 3).

FD 15C44

4500
4000

3000

0
2014

2016

2014

Early planting date (April)

2016

Late plating date (May)

Early
Late
Early
Late
Early
Late

Figure 1. Yields obtained in sunflower hybrids under
experimental conditions. Fundulea, 2014 and 2016

The results of the analysis of variance showed
that the sunflower yield was affected by the
weather conditions of the two years (79.9%),
by planting date (5.9%), hybrids (10.10%) and
as well as by interactions between these factors
(Table 2). Except interactions, these influences
were statistically very significant.

Early
Late
Early
Late
Early
Late

Table 2. Analysis of variance for yield
Sources of
variation

DF

Years (A)

1

Error (A)

2

Planting date (B)

1

Years* Planting
date

1

Error (B)

4

Hybrids (C)

2

Years*Hybrids

2

Planting date
*Hybrids
Year*Planting date
*Hybrids
Error (C)

2
2
16

MS
1834670
(79.9%)
14835.5
(0.6%)
134801.8
(5.9%)
12967.09
(0.6%)
13884.47
(0.6%)
222128
(9.7%)
30590.25
(1.3)
6977.77
(0.3%)
2540
(0.3%)
22003
(1%)

F 708
F 911
FD 15
C44
F 708
F 911
FD 15
C44

2014
178
189
176
180
165
168
2016
175
176
170
174
162
162

Head
diameter

500

Days to
maturity

1000

Days to
flowering

1500

Height of
plants

2000

Hybrid

Table 3. Effect of planting date on agronomic traits of
sunflower genotypes studied

2500

Planting
date

The yield (kg/ha)

3500

83
75
66
58
77
62

128
125
105
100
124
121

22
17
19
16
20
18

86
76
67
60
78
63

130
125
105
100
127
125

25
20
22.5
19.3
23
20

The results of the analysis of variance showed
that the oil content was affected very
significant by the planting date and hybrids
(Table 4).

Fe value and
significations
123.67***

Table 4. Analysis of variance for oil content from
sunflower seeds

9.71**
0.93
10.10***
1.39
0.32
0.12
-

Sources of variation

DF

MS

Years (A)
Error (A)
Planting date (B)
AxB
Error (B)
Hybrids (C)
AxC
BxC
AxBxC
Error (C)

1
2
1
1
4
2
2
2
2
16

140.42
14.42
617.52
20.40
11.43
58.42
0.05
13.52
13.52
2.98

Fe value and
significations
9.74
54***
1.78
19.61***
0.02
0.54
0.54

The earlier planting date was shown to give
better oil content than later planting date for all
hybrids and both climatic conditions (Figure 2).
Oil content varied widely from 39% in the
hybrid F 708 planted late in 2016 to 53% in the

In this study, all agronomic traits studied were
found to be significantly different. All hybrids
have a greater height in 2014, which may be
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hybrid FD 15 C 44 planted early, in 2014. This
may be due to shortening of grain filling and
decrease of intercepted radiation per plant
during a critical period observed at late
planting. Vega and Hall (2002) showed a
significant reduction in oil concentration
associated with a strong reduction in the
duration of grain filling observed at late
planting, it was due to changes in kernel oil
proportion, rather than to changes in kernel
percentage. Late sowing decreases not only
grain yield but also grain oil concentration in
high-oil sunflower hybrids. For three locations
in Argentina, simulated grain oil concentration
decreased when sowing was delayed (PereyraIrujo and Aguirrezábal, 2007).
Oil content was a little bigger in the first year
of the experiment (2014) than in the second
(2016) for both planting dates (Figure 2).

flowering to seed filling. The authors attributed
this result to abscisic acid produced in leaves of
stressed plants and then translocated to the
seed, thus contributing to the decline in seed oil
content.
Oil yield was highly significant and positively
correlated with seed yield obtained in 2014
(r=0.72**) and 2016 (r=0.80**) (Figure 3). Other
researchers (Teklewold et al., 1999; Anandhan
et al., 2010) indicated a positive relationship of
different intensity between grain and oil yield.
60

Oil content (%)

50

2014
y = 0.0116x + 9.6573
r = 0.72***

40
2016
y = 0.0079x + 19.568
r = 0.80***

30
20
10

Early planting date

60

Late planting date

0
2000

Oil content (%)

2500

3000

3500

4000

4500

The yield (Kg/ha)

50

Figure 3. Correlation between the yield and oil content of
sunflower hybrids studied

40
30

The characters plant height, day to flowering,
days to maturity and head diameter had nonsignificant association with oil yield (r=0.068;
0.35; 0.068, 0.55). In literature results are
conflicting. Some have found positive
correlations between days to maturity and oil
content (Anto Mijic et al., 2009) or negative
correlation with head diameter (Hladni et al.,
2006).
The saturated fatty acid (palmitic and stearic
acid) contents were insignificant affected by
weather conditions and planting date. The
palmitic acid concentration increase in 2014
conditions (from 0.57% for F 911 to 0.74% for
F 708 hybrid) and stearic acid concentration
decreased in the same conditions (from 0.14%
for F 708 to 0.78% for FD 15 C27 hybrid
respectively) (Table 5).
There was a significant negative effect of
climatic condition of 2014 on the oleic acid
concentration in all studied sunflower hybrids.
The low oleic content was recorded by F 911
hybrid (22.95% for early planting date and
21.10% for late planting date). The reason for
this can be explained by low rainfall during
seed maturation (August, September) in 2014
(Table 1). The relation between fatty acid

20
10
0
F 708

F 911
2014

FD 15 C44

F 708

F 911

FD 15 C44

2016

Figure 2. Oil content of sunflower hybrids studied.
Fundulea, 2014 and 2016

This was due to the longer period of drought
during August-September in 2016. Other
results, shows that an increase in water deficit
is associated with an increase in oil content and
a low water deficit is associated with a decrease
in oil content (Flagella et al., 2002; Anastasi et
al., 2010). The correlation between oil content
and watering regime cannot sometimes be
determined in some hybrids (Kaya and
Kolsarici, 2011). Erdemoglu et al. (2003)
showed that genotypes and climatic conditions
such as temperature, altitude and soil structure
affected oil content of sunflower more than
irrigation.
On the contrary, Baldini et al. (2002) noted a
decrease in oil content in severe hydric stress,
while a moderate water deficit increased oil
content, showing the great adaptability of
sunflower to early hydric stress applied during
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CONCLUSIONS

composition and drought stress in sunflower
remains poorly explained and studies on this
topic are contradictory. The research work of
Petcu et al. (2001, 2011) revealed that water
stress causes a significant reduction of about 814% in the concentration of oleic acid in
standard hybrid while Baldini et al. (2002) and
Flagella et al. (2000) found that water stress
increased oleic acid content and decreased
linoleic acid content in both standard and high
oleic genotypes.
The linoleic acid concentration increases in
2014 year conditions. The proportion of linoleic
acid in fatty acid of the sunflower was from
between 59.02-64.11% for early planting date
up to 66.85% for late planting date (Table 5).
The delay in planting decreased the concentration of oleic acid and increased linoleic acid
concentration in all sunflower hybrids, except
hybrid F 708, which is more stable in this
regard. The modifications were more obviously
in 2014 conditions that in 2016 (almost normal
conditions) (Table 5). This could be in correlation with high drought resistance of this hybrid.
The lowest oleic acid content caused by late
planting was found in the hybrid F 911 in 2014
(21.10%).

Agronomic traits such as plant height, head
diameter, days to maturity, oil content of
sunflower had influenced by climatic
conditions and planting date. The early planting
date in both year conditions led to an increase
of grain oil content in all studied sunflower
hybrids.
In the normal sunflower hybrids, like the
hybrids from this study, in addition with the
reduction in oleic acid concentration was a
simultaneous increase in the content of linoleic
acid due to drought conditions during seed
maturation and late planting date.
In conclusion apart from rainfall during seed
filling, genotype remains the most important
factor controlling the variability in oil and fatty
acid composition, mainly oleic and linoleic
acids.
Based on these results, chose of genotypes and
management practices that modify temperature,
soil water content during seed filling period
(e.g. planting date, plant density and so on)
could contribute to obtain high oleic acid
content of sunflower.
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Abstract
A field experiment was conducted to determine the effect of seed rate and fertilization on yield and yield components of
Nigella sativa crop. The experiment was laid out according to a split-plot design with three replicates, two main plots
(seed rates: 50 kg ha-1 and 60 kg ha-1) and four sub-plots (fertilization treatments: untreated, compost, sheep manure,
inorganic fertilizer). Plants were higher in plots sown at a rate of 60 kg ha-1 (18.2-22.7 cm). The highest number of
capsules per plant (5.0-5.8) were found in sub-plots subjected to inorganic fertilization. Moreover, there were
significant differences between fertilization treatment regarding seed yield and biological yield. The highest seed yield
(911-1066 kg ha-1) and biological yield (3864-4063 kg ha-1) were found in inorganic treatments. The number of
branches per plant, number of seeds per capsule, thousand-seed weight, and Harvest Index was not affected neither by
seed rate nor by fertilization. Finally, there was not any significant interaction between seed rate and fertilization.
Key words: compost, inorganic fertilizer, Nigella sativa, seed rates, yield components.

INTRODUCTION

to the improvement of human health. Various
surveys have shown that the whole seeds or
their extracts have diuretic, antihypertensive,
antidiabetic, anticancer, immunomodulatory,
anthelmintic, analgesic, antimicrobial, antiinflammatory, spasmolytic, bronchodilator,
hepatoprotective, gastroprotective, nephronprotective, antihypertensive and antioxidant
effects (Al-Jassir, 1992; Riaz et al., 1996;
Ahmad et al., 2013). Moreover, the seeds are
rich in fats, fiber, minerals such as Fe, Na, Cu,
Zn, P, Ca and vitamins such as ascorbic acid,
thiamin, niacin, pyridoxine, and folic acid
(Takruri and Dameh, 1998). N. sativa seeds
contain 30-35% oil and 0.5-1.5% essential oil
which have several uses for pharmaceutical and
food industries (Üstun et al., 1990; Ashraf et
al., 2006). One of the most important
constituents of essential oil is thymoquinone
that belongs to the chemical class of terpenoids
and imports the plant under investigation about
the ability to influence on important human
diseases such as cancer (Banerjee et al., 2010)
or the metabolic syndrome (Razavi and
Hosseinzadeh, 2014).
The effective use of N. sativa for different
therapeutic purposes is highly dependent on the
yield and quality (Datta et al., 2012). Seed rate

Medicinal plants are used for treating many
disorders that are either non-curable or rarely
cured by modern systems of medicine (Abadi
et al., 2015). Over the last three decades, the
use of herbal medicinal products and
supplements have grown to such an extent that
about 80% of the world population relying on
them for some part of primary healthcare.
(Ekor, 2014). Nigella sativa L. is an annual
medicinal
plant
belonging
to
the
Ranunculaceae family. It is native to southern
Europe, North Africa, South and West Asia
(Tuncturk et al., 2012) and widely cultivated
throughout Syria, Egypt, Saudi Arabia, Iran,
Pakistan, India and Turkeyfor seed yield and
oil production (Riaz et al., 1996).
The height of plant ranges from 20 to 30 cm
and its leaves are finely divided and linear with
grayish-green color. The flowers are of pale blue
and white color with 5 to 10 pedals (2-2.5 cm).
The fruit is an inflated capsule composed of 3
to 7 united follicles. Each capsule contains a
various number of dark grey or black small
sized (1-5 mg) seeds (Valadabadi, 2013).
Seeds of N. sativa are characterized for their
unique chemical properties that may contribute
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15.99% CaCO3 and 1.47% organic matter
(Wakley and Black, 1934). The site was
managed according to organic agricultural
guidelines (EC 834/2007). Meteorological data
(mean monthly air temperature and precipitation)
during the experimental period as recorded by
the weather station of Agricultural University
of Athens are presented in Figure 1. The mean
temperature during the crop cycle (April-July)
was higher (24.5C) than that observed in 35year
average
(22.7C).
Accumulated
precipitation of cultivation period was 26.8 mm,
which means it was approximately two-thirds
lower than 35-year average (62.1 mm).

is one of the main key factors for obtaining
high yield and quality in the production of
crops. Several studies carried out in countries
where
systematically
cultivated,
have
demonstrated that suitable seed rate can
increase the growth and yield of N. sativa
(Toncer and Kizil, 2004; Tuncturk et al., 2004).
Talafih et al. (2007) reported that under
Mediterranean semi-arid environment the
highest seed yield (801.2 kg ha-1) was obtain
under 35 kg seed ha-1.
The appropriate use of fertilizers increases the
growth and quality of the medicinal plants
(Mohamed et al., 2014). Many experiments
have been conducted to investigate the effect of
different amounts of nitrogen (Ashraf et al.,
2006; Tuncturk et al., 2012) and phosphate
(Kizil et al., 2008) fertilizers on different
agronomic characteristics, yield and yield
components in N. sativa. According to Rana et
al. (2012), the maximum values of agronomic
characteristic such as plant height and number
of branches and the highest yield of seed were
observed at a ratio of 60:120 kg NP ha-1.
Because N. sativa is a plant that has been
systematically studied only during last two
decades, the available literature on plant
growth and yield under organic fertilization is
still quite limited. Data by other researchers
(Efthimiadou et al., 2009; Bilalis et al., 2012)
clearly proved the beneficial effects of organic
fertilization on the yields ofs everal crops.
Limited data are available regarding the
performance of N. sativa growth under
Mediterranean semi-arid conditions and
organic cropping system. Therefore, the aim of
this study was to determine the effects of seed
rate and organic and inorganic fertilization on
growth and yield parameters of nigella crop.

Figure 1. Meteorological data (mean monthly air
temperature and precipitation) during the experimental
period (April-July, 2016) and the 35-year average (19812015) in Athens, Greece

The experiment was set up on an area of 302 m2
according to the split-plot design with three
replicates, two main plots (seed rates: 50 kg ha-1
and 60 kg ha-1) and four sub-plots [fertilization
treatments: control (untreated), compost
(2000 kg/ha), sheep manure (2750 kg/ha),
inorganic fertilizer (15-15-15+5 S, 400 kg/ha)].
The main and sub-plot sizes were 42.25 m2
(6.5 m X 6.5 m) and 9 m2 (3 m X 3 m),
respectively. There was a space of 0.5 m
between sub-plots, 1 m between plots and 1 m
between replications. Soil was prepared by
ploughing at a depth of about 0.25 m.
Fertilizers were applied by hand on the soil
surface and then harrowed. N. sativa seeds
were sown on 19th April by hand in rows 30 cm
apart, at a depth of 1 cm. Drip irrigation system
was installed in experimental plots. The first
irrigation was applied immediately after
sowing and the second irrigation was done two
days later for uniform emergence. After that,
plots were irrigated to field capacity every 34 days until the 10th day before harvest. The
total quantity of water applied during the

MATERIALS AND METHODS
A field experiment was carried out in the
organic experimental field of the Agricultural
University of Athens (Latitude: 37°59′ 1.70″ N,
Longitude: 23°42′ 7.04″ E, Altitude: 29 m above
sea level) from April to July 2016. The soil was
clay loam (29.8% clay, 34.3% silt and 35.9%
sand) (Bouyoucos, 1962) with pH (1:1 H2O)
7.29, nitrate-nitrogen (NO3-N) 12.4 mg kg-1
soil, available phosphorus (P) 13.2 mg kg-1 soil,
available potassium (K) 201 mg kg-1 soil,
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at the high seed rate (60 kg ha-1), while, the
lowest values (18.1 cm) were obtained from the
low seed rate (50 kg ha-1). These data are in
accordance with previous studies reporting that
increasing seed rates noticeably increased plant
weight but with values lower than those of
literature (Toncer and Kizil, 2004; Talafih et
al., 2007).
These differences between our results and other
studies could be explained by different
variations in environmental conditions and the
genetic potential of populations. Fertilization
had not significant effect on plant weight.
Despite the differences among fertilization
treatments were not important, generally
inorganic fertilizer gave slightly higher plant
height (20.8 cm) and the minimum height
obtained from control treatment (17.2 cm).
Concerning number of branches per plant, the
effect of different seed rates was found not to
be statistically significant for the high and low
seed rates. However, it was observed that the
highest value (3.7) was obtained in the case of
the low seed rate. This can be explained by the
interplant competition in higher plant density
which could induce plant growth reduction and
produced the highest number of plants. Similar
results were also reported by Tunctur et al.
(2005). Fertilization treatments showed higher
values than control in number of branches per
plant but values were not statistically
significant.
During this study, the highest number of
branches per plant was achieved in inorganic
fertilization treatment. Ali et al. (2015)
mentioned that the number of primary branches
per plant was significantly increased in the case
of high nitrogen treatment, whereas number of
secondary and tertiary branches per plant were
not influenced.
The number of capsules per plant was only
affected by different fertilization treatments.
The highest value (5.4) was observed in
inorganic fertilization treatment and the lowest
was obtained in the untreated plots. Similar
results concerning the positive response of
nigella crop to inorganic fertilization were also
recorded by other researchers (Rana et al.,
2012; Khalid and Shedeed, 2015; Yiman et al.,
2015).

experiment was 735.2 mm. Throughout the
experimental period, there was not observed
any incidence of pest or disease on N. sativa
crop. Weeds were controlled by hand hoeing
when it was necessary. Finally, harvesting was
done manually on 30th July 2016 after the stage
of full maturity. Data were recorded on some
growth and yield parameters including plant
weight, number of branches and number of
capsules per plant, number of seeds per capsule
and thousand seed weight using five randomly
selected plants from each sub-plot. Moreover,
seed yield, biological yield and harvest index
were assessed. For the determination of these
parameters, the middle sub-plot area of 4 m2
(2 m X 2 m) was used.
Plant weight was measured in centimeters at
the stage of physiological maturity from the
ground level to the tip of plant. Number of
branches per plant was computed by counting
the number of primary branches of five middle
plants of the four middle rows. After that, the
number of capsule per plant and number of
seed per capsule on individual plant and
capsule basis, respectively, were measured. For
the computation of thousand seed weight, the
seeds obtained from each of the ten selected
plants were counted, weighed by analytical
balance and expressed in grams. Biological
yield was recorded by measuring the whole
weight of plants from middle sub-plot areas
after harvesting and drying for three days. Seed
yield was determined by measuring the seed
weight of plants used for biological yield.
Harvest Index was calculated by divining seed
yield by the biological yield.
The experimental data were checked for
normality and subjected to statistical analysis
according to the split-plot design. The
statistical analysis was performed with JMP
9statistical software (SAS Institute Inc., Cary,
NC, USA). The differences between means
were compared using Least Significance
Difference (LSD) test. All comparisons were
made at the 5% level of significance.
RESULTS AND DISCUSSIONS
Results of variance analysis showed that the
plant weight was significantly (p<0.05)
affected by the different seed rates. In
particular, the tallest plant (20.0 cm) recorded
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Table 1. Plant height, number of branches per plant and number of capsules per plant and number
of seeds per capsule of Nigella sativa as affected by different seed rates and fertilization
Fertilization

Control
Compost
Manure
Inorganic

Fseed rate

Plant height
(cm)
50 kg ha-1
60 kg ha-1
16.2
18.7
18.5
18.9

18.2
19.4
19.5
22.7

Ffertilization

19.2417*
(LSD5%= 0.4274)
1.7297ns

Fseed rate X

0.3881ns

Seed Rate
Number of branches
Number of capsules per
per plant
plant
60 kg ha-1 50 kg ha-1
50 kg ha-1
60 kg ha-1
3.0
3.5
3.7
4.6

5.4516ns

2.2
3.3
2.3
2.7

1.8958ns
1.2292ns

3.0
5.4
4.7
5.8

0.7557ns

1.7
4.3
4.6
5.0

4.8728*
(LSD5%= 0.8672)
0.9020ns

Number of seeds per
capsule
50 kg ha-1 60 kg ha-1
37.0
42.5
41.6
42.6

1.0852ns

36.6
40.8
37.9
42.0

1.8025ns
0.1703ns

fertilization

F-test ratios are from ANOVA. Significant at *p=0.05, **p=0.01, ***p=0.001, ns: not significant The LSD (p=0.05) for seed rate and fertilization are
also presented.

reducing seed yield. Fertilization effect on this
trait was statistically significant. The highest
value (988 kg ha-1) was recorded from
inorganic treatment. This result is in agreement
with Tuncturk et al. (2012) reported that yield
components such as branches and capsules
affects seed yield. In this study as mentioned
above, the highest values of number of
branches and capsules noted in inorganic
treatment. Moreover, Yimam (2015) stated the
maximum seed yield (1337 kg ha-1) obtained
from application of 60:40 kg NP ha-1 and
Seyyedi et al. (2015) reported than increase in
amount of phosphorus might significantly
increase seed and biological yield.
The biological yield was only influenced by
fertilization. The maximum yield (3963 kg ha-1)
was achieved in the inorganic treatment
followed by compost (3347 kg ha-1) and
manure (3263 kg ha-1). Biological yield was
actually affected by the combined supply of
nitrogen and phosphorus.
The increase in these nutrients might be
resulted in a more vigorous plant growth with
greater plant height, number of branches,
number of leaves and number of capsules
producing a greater total plant biomass, thereby
resulting in higher biological yield (Rana et al.,
2012; Ali et al., 2015). This result is in full
accordance with Yimam et al. (2015) reported
that the highest biological yield was observed
after application of 60 and 40 kg of N and P ha-1,
respectively.
The results obtained from variance analysis
indicated that Harvest Index was not affected
by different seed rates and fertilization.

Regarding number of seeds per capsule, the
results have revealed that different seed rates
had no significant effect on this trait. The
results of number of seeds in capsule were
lower than Toncer and Kizil (2004)
demonstrated.
Moreover,
fertilization
treatments resulted in values not statistically
higher than control. However, the maximum
number of seeds per capsule (42.3) was
recorded after application of inorganic
fertilizer. In addition, Hadi et al. (2015) found
that application of manure in N. sativa crop did
not affect the seed number per capsule.
Thousand-seed weight was not influenced
neither by seed rate nor by fertilization. Despite
the seed rates had no significant effect on
thousand seed weight the high seed rate
produced higher results (2.70 g). Talafih et al.
(2007) supported that the increase in plant
density resulted in an increase in the thousandseed weight that could be related to the
competition between plants on available soil
moisture, nutrients and light. This result is in
agreement with Ali et al. (2015) and Yimam et
al. (2015) who found that the increase in levels
of inorganic fertilizer did not affect the
thousand-seed weight.
The results of experiment indicated that the
effect of different seed rates on seed yield was
insignificant. Despite that, the study data
showed that the application of high seed rate
led to declines in seed yield. Toncer and Kizil
(2004) and Tuncturk et al. (2005) explained
that increasing seed rate over 20 kg ha-1, plant
population density increased, which might
cause higher interplant competition, thus
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Table 2. Thousand seed weight, seed yield, biological yield and Harvest Index of Nigella sativa crop
as affected by different seed rates and fertilization
Fertilization

Control
Compost
Manure
Inorganic

Fseed rate

Thousand-seed weight
(g)
50 kg ha-1 60 kg ha-1
2.65
2.67
2.58
2.68

0.1555ns

Ffertilization

1.1637ns

Fseed rate X

1.5043ns

2.50
2.73
2.79
2.76

Seed Rate
Seed yield
Biological yield
(kg ha-1)
(kg ha-1)
-1
-1
50 kg ha
50 kg ha-1
60 kg ha-1
60 kg ha
601
881
820
1066
3.5316ns

497
828
773
911

6.7781**
(LSD5%= 100.57)
0.3414

2471
3455
3279
4063

2387
3239.
3247
3864

0.5280ns

9.3441***
(LSD5%= 291.73)
0.0465ns

Harvest Index
(%)
50 kg ha-1 60 kg ha-1
24.53
25.50
25.00
26.23

20.83
25.57
23.81
23.57

3.9431ns
1.2908ns
1.1118ns

fertilization

F-test ratios are from ANOVA. Significant at *p=0.05, **p=0.01, ***p=0.001, ns: not significant The LSD (p=0.05) for seed rate and fertilization are
also presented.

Despite the no significant effect of fertilization,
the highest value (25.54%) was found in
compost treatment followed by inorganic
(24.90%) and manure (24.41%) treatments.
Harvest Index values in our study were higher
than Yimam et al. (2015) and lower than Rana
et al. (2012) who studied the influence of
various nitrogen and phosphorus rates in N.
sativa.
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CONCLUSIONS
The results of the present study indicate that
nigella crop was not affected neither by seed
rate nor by fertilization. The highest plant
height was found under 60 kg ha-1 seed rate.
Moreover, it was observed that plants received
the inorganic fertilizer had higher number of
capsules per plant which is a key yield
component. Finally, there were significant
differences between fertilization treatments
regarding the seed yield and biological yield
with highest values found under inorganic
treatment.
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Abstract
This study evaluated the possibility of characterization and discrimination of apple cultivars by fractal analysis of the
shape of leaves. The geometry of the leaf lamina from five apple cultivars (Delicios de Voineşti, Florina, Generos,
Jonathan and Pionier) was studied by fractal analysis, box-counting method, for obtaining fractal dimensions (D). Leaf
lamina descriptor parameters (length - L, width – W, perimeter – P, and leaf area - LA) were determined for the
comparative analysis with fractal dimensions in order to characterize the cultivars studied. Based on fractal dimensions
(D) obtained from the analysis of the geometry of the leaf, the five apple cultivars studied were characterized and
discriminated safely statistics (Cophenetic coefficient = 0.967). Regression analysis revealed the relationship of
interdependence between leaf area and fractal dimensions (D) for each apple cultivar. From comparing the coefficient
of variation of foliar parameters studied (L, W, P, LA), that the fractal dimensions (D) had the smallest variation within
each apple cultivar, which shows that the fractal dimension (D) is a more stable parameter for characterization of the
apple cultivars studied compared with other elements of the leaf lamina. According to the values of the correlation
coefficient R2 and safety parameters (p and RMSE), the fractal dimensions (D) facilitated the prediction of leaf area
certainly higher than in the classics descriptors parameters of the leaves L, W and P ( RD2  0.991 for Florina;

RD2  0.985 for Generos and Pionier; RD2  0.982 for Delicios de Voinești and RD2  0.979 for Jonathan). Fractal
analysis has proven to be a tool with great power for the analysis, characterization and discrimination of the five apple
cultivars studied, and predicting of the leaf area based on fractal dimension (D), which recommends it as a tool in
pomology studies.
Key words: apple, fractal geometry, leaf shape, image analysis, texture.

INTRODUCTION

Given the power of detection of the analyzed
elements, and high precision in geometry study
of various objects, shapes and textures, fractal
analysis was used in the study of plants and
vegetation. For such studies, estimating the
complexity of leaves shape, can be made based
on fractal dimension, by the method boxcounting (Tricot, 1995; Buczkowski et al.,
1998) or multiscale fractal dimension, which
has developed based on Minkowski method
(Costa and Cesar, 2000).
Bruno et al. (2008) and Backes and Bruno
(2009) used fractal analysis, as multi-scale
fractal dimension, for identification of plant
species based on the complexity of leaf. De
Araujo Mariath et al. (2010) based on fractal
analysis have studied and characterized the

The description and characterization of plant
leaves based on Euclidean geometry is difficult
or impossible in most cases, so that the fractal
geometry proposed by Mandelbrot (1983) was
found to be a suitable tool to it. Fractal analysis
has become a tool to study very accurate and
useful for different fields, box-counting method
showing a greater interest (Liebovitch and Toth
1989; Buchníček et al., 2000; Nežádal et al.,
2001). Numerous studies have addressed by
fractal analysis, various shapes and textures to
develop models of representation in respect of
the fractal dimensions (Backes and Bruno,
2010; Xu et al., 2012; Florindo and Bruno,
2013; Zhao et al., 2013).
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leaves at every cultivar, from the middle of the
annual shoots during fruit growth phenophase;
50-70% final size of fruit, 75-77 BBCH code
(Meier et al., 1994). The leaves were collected
randomly from the crown of the tree, placed in
plastic bags in cool box and transported to the
laboratory for tests.
Measurements and determinations of leaves
parameters. Each leaf was analyzed
individually by measuring and scanning to
obtain foliar parameter values (length, width,
perimeter, leaf area). Leaf dimensions (length,
width) obtained by measuring ruler with an
accuracy of ± 0.5 mm. The perimeter of leaves
and leaf area were obtained by the measuring
method (Measured leaf area - MLA) and the
scanning method (scanned leaf area - SLA)
based on the model proposed by Sala et al.
(2015).
Fractal analysis of leaves geometry. Based on
binarized images (Figure 1), fractal geometry
of each leaf was analyzed with ImageJ software
(Rasband, 1997). Fractal dimensions (D) were
obtained using box-counting, technique
developed by Voss (1985) and commonly used
to determine the fractal dimension based on the
analysis of images (Li et al., 2009;
Annadhason, 2012; Long and Peng, 2013).
Fractal dimensions averages, equation (1), were
calculated on the basis of intermediate values
determined for each leaf equation (2).

leaves of several Relbunium species and have
obtained a clear deceleration of species
analyzed based on fractal dimensions.
Characterization of lamina leaves based on
fractal dimension for identification and
recognition of different plant species, was
carried out in other studies (Backes et al., 2009;
Cope et al., 2012; Sun et al., 2013; Plotze et al.,
2015).
Da Silva et al. (2015) used fractal analysis to
characterize the over 50 species of Brazilian
flora, based on the images of the section of
median rib of leaves, considering that in
biological studies such method is important
because it is linked to the evolutionary aspects.
In this study it was used box-counting method
for the analysis of fractal geometry of leaves
for five apple cultivars, in order to characterization of these cultivars and development of
study models based on fractal analysis in order
to be used in pomology studies.
MATERIALS AND METHODS
The purpose of the study was to analyze the
fractal geometry of the leaves of apple to
characterize the five cultivars studied based on
fractal dimensions and promote the method of
fractal analysis as a tool in studies of
pomology.
Biological material. The biological material
was represented by five apple cultivars:
Generous, Florina, Delicious de Voineşti,
Jonathan and Pionier. Age plantation was 12
years old, of medium vigor rootstock (MM
110), and semi-intensive type of exploitation.
Sampling leaves. For the analysis of fractal
geometry of leaves at the five apple cultivars
studied, were randomly sampled 50 typical

Florina

Delicios de Voinești

Mean D   ( D ) / GRIDS

(1)

 ln(F ) 
D  m
 ln  

(2)

where: D – fractal dimension;
m – slope to regression line, from equation (3);
F – number of new part;
ε – scale applied to an object.

Generos

Jonathan

Figure 1. Binarized representation of the types of leaves in apple studied cultivars
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(3)

From the determinations of the leaves of apple
tree, were obtained values for the leaves
dimensions (length and width), and from the
scanning method, were obtained values for the
perimeter, and the leaf area of the leaves.
Fractal geometry of each leaf was analyzed by
Box-counting method, which facilitated the
obtaining of the fractal dimensions (D), the
results being presented in Table 1. Analysis of
variance (ANOVA single factor type), showed
statistical safety of experimental results (p<<
0.001; Fteoretic << Fcalculat, for Alpha = 0.001),
Table 2.
Fractal dimensions, that describe the geometry
leaves in the five apple cultivars studied, had
similar values but through multivariate analysis
based on Euclidean distances (Cluster analysis
method), were differentiated two distinct clusters, safety statistics (Cophenetic coefficient =
0.967). A first cluster comprised two subgroups, one with the cultivar Florina, that has
highest value of fractal dimension (D = 1.891)
and the second with the cultivars Delicios de
Voineşti (D = 1.884) and Generous (D =
1.885), with similar values of fractal
dimensions. The second cluster included the
cultivars Jonathan (D = 1.864) and Pionier (D =
1.865) with the lowest values of fractal
dimensions.

where: m – slope of the regression line;
S – log of scale or size;
C – log of count;
n – number of size;

Statistical analysis. The experimental data were
processed by analysis of variance (ANOVA),
regression analysis and multivariate analysis
based on Euclidean distances (Cluster
analysis). For this were used PAST software
(Hammer et al., 2001) and Excel in Office 2007
suite. Statistical safety of the results, for
descriptors parameters (L, W, P), leaf area
(LA) and fractal dimensions (D), was evaluated
based on Standard Error for regression line
(SE) relationship (4), correlation coefficient
R2, and safety parameters p and RMSE,
equation (5).
SE 

C

2

 b C  m SC

(4)

n2

where: S = log of scale or size;
C = log of count;
n = number of size;
b = y, intercept of the regression line;
m = slope of the regression line.

RMSE 

1 n
( y j  ŷ j ) 2

n j 1

(5)

Table 1. Descriptors parameters and fractal dimensions at apple leaves
Apple cultivars
L
W
P
LA
Florina
10.01±0.17
5.61±0.11
307.11±6.04
42.53±1.41
Delicios de Voineşti
9.68±0.25
5.49±0.13
306.50±8.91
42.38±1.97
Generos
10.77±0.25
5.51±0.14
322.63±9.55
43.25±2.07
Jonathan
9.11±0.16
4.82±0.08
262.91±5.41
32.21±1.01
Pionier
9.48±0.16
4.72±0.08
264.95±5.38
32.67±1.14
L – leaf length; W – leaf width; P – leaf perimeter; LA – leaf area; D – fractal dimension

D
1.891±0.037
1.884±0.041
1.885±0.039
1.864±0.045
1.865±0.044

Table 2. Variance analysis by ANOVA test
Source of Variation
Between Groups
Within Groups
Total
Alpha = 0.001

SS
15773359
836210.2
16609569

df

4
1245
1249

MS
3943340
671.6548

The coefficient of variation of the fractal
dimension (CVD), revealed a differentiated
degree of variability in the fractal geometry of
leaves at the five apple cultivars studied. The
highest variation of fractal dimensions
was registered for the cultivar Generous

F
5871.081

P-value
3.8E-229

F crit
4.647362

(CVDG = 2.3388) and the lowest variability of
fractal dimensions was recorded for the cultivar
Jonathan (CVDJ) = 1.1299), the other cultivars
having intermediate values of the coefficient of
variation of fractal dimensions, Delicios de
Voineşti (CVDDV = 1.8163), Florina
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CVPF = 13.9179 at Florina cultivar and
CVPG = 20.9393 at Generous cultivar. Leaf area
had coefficient of variation (CVLA) between
CVLAJ = 22.1478 at Jonathan cultivar and
CVLAG = 33.9624 at Generos cultivar.
From comparing the coefficient of variation of
foliar parameters studied (Figure 2), it was
observed that the fractal dimensions (D) had
the smallest variation within each apple
cultivar, which shows that the fractal
dimension (D) is a more stable parameter for
characterization of the apple cultivars studied
compared with other elements of the leaf
lamina.

(CVDF = 1.2411), Pionier (CVDP = 1.1491).
The others parameters descriptors of the leaves
(L, W, P, LA) had the coefficients of variation
with a larger range of expressions, their
graphical distribution compared to the fractal
dimensions (D), being shown in Figure 2. The
coefficient of variation for leaf length (CVL)
had values between CVLP = 12.1960 at Pioneer
cultivar, and CVLDV = 18.2677 at Delicious de
Voineşti cultivar. Leaf width had coefficient of
variation (CVW) of between CVWJ = 11.6519 at
Jonathan cultivar and CVWG = 18.5510
Generos cultivar. For leaf perimeter, coefficient
of variation (CVP) recorded values between

Figure 2. Graphical representation of the amplitude of coefficient of variation for descriptors parameters and fractal
dimensions of leaves at the apple cultivars studied; (CVL – coefficient of variation for length of the leaves; CVW –
coefficient of variation for width of the leaves; CVP – coefficient of variation for perimeter of the leaves; CVLA –
coefficient of variation for the leaf area; CVD – coefficient of variation for fractal dimensions)

synthesis and primary production (Guo and
Sun, 2001; Bălan, 2010), nutritional status of
plants and fruits quality (Fallahi et al., 2001;
Nachtigall and Dechen, 2006; Jivan and Sala,
2014), tolerance to certain stress factors
(Davies and Lasko, 1979; Wen et al., 2007).
Also leaf area is useful for determining
derivatives indices: leaf area index (LAI), leaf
area duration (LAD), specific leaf area (SLA),
net assimilation rate (NAR) used to characterize the status of plant and crops vegetation,
in relation to technological or environmental
factors (Williams, 1987; Williams and Ayards,
2005; Delalieux et al., 2008; Mokhtarpour et
al., 2010; Poblete-Echeverría et al., 2015).

Correlative analysis of fractal dimensions with
descriptors parameters of leaves had shown any
positive correlation with variable statistical
certainty, Table 3. The fractal dimensions (D)
had high correlation with the leaf area (R2 =
0.960 – 0.985), and to the perimeter of the
leaves (R2 = 0.937 – 0.951), and lower values
of correlation were recorded with the length of
the leaves (R2 = 0.829 – 0.858) and with the
width of the leaves (R2 = 0.885 – 0.922).
Among descriptor parameters of leaves, with
the greatest practical utility is the leaf area. It is
used to evaluate interception of sunlight
(Wünsche and Lasko, 2000; Pandey and Singh,
2011; Fascella et al., 2013), the rate of photo227

leaves that were identified in this study,
regression analysis was used to predict leaf
area based on fractal dimensions. From
regression analysis were obtained prediction
models of leaf area in the form of polynomial
equations of order 2, relations (6) - (15) in
Table 4, under which it was possible to predict
leaf area with a high degree of statistical
certainty according to the correlation
coefficient R2 and the parameters p and RMSE.
Fractal dimensions ensured a safer prediction
of leaf area compared with that achieved under
the parameters descriptors (perimeter of the
leaves - P, and leaf dimensions - L and W).
According to the values of the correlation
coefficient R2 and parameter RMSE, the safest
prediction of leaf area based on fractal
dimension (D) was obtained at cultivar Florina
( RD2  0.991 ), followed by cultivars Generous

Table 3. Matrix table of correlations between descriptors
parameters of leaves, and fractal dimensions of apple
varieties studied
L

L
W
P
LA
D
L
W
P
LA
D
L
W
P
LA
D
L
W
P
LA
D
L
W
P
LA
D

W
Delicios
9.02E-07
0.631
0.930
0.818
0.918
0.856
0.857
0.895
Florina
2.47E-07
0.655
0.869
0.853
0.873
0.913
0.829
0.922
Generos
4.14E-12
0.798
0.909
0.858
0.885
0.923
0.858
0.919
Jonathan
6.76E-07
0.636
0.904
0.808
0.863
0.907
0.835
0.896
Pionier
3.11E-06
0.606
0.914
0.793
0.869
0.880
0.844
0.885

P

LA

D

1.50E-22 5.89E-21 1.94E-15
4.11E-13 2.18E-15 1.97E-18
8.21E-31 4.69E-24
0.969
3.57E-28
0.940
0.960
2.99E-16 1.50E-16 1.07E-13
3.60E-15 2.43E-20 2.03E-21
2.26E-28 2.53E-24
0.961
1.04E-34
0.942
0.979
6.43E-20 1.54E-17 1.73E-15
1.59E-15 1.39E-21 5.34E-21
3.04E-26 1.28E-23
0.952
3.99E-30
0.937
0.967

and Pioneer ( RD2  0.985 ), the cultivar Delicios
de Voineşti ( RD2  0.982 ) and the cultivar

2.41E-19 8.02E-16 4.59E-14
1.29E-12 1.07E-19 1.61E-18
1.76E-27 3.97E-24
0.957
2.03E-36
0.940
0.982

Jonathan ( RD2  0.979 ).
The perimeter of the leaves,
facilitated
predicting leaf area with lower level of
statistical certainty compared to the fractal
dimensions ( RP2  0.931 0.970 ), the distribution of particular values of leaf area predicted
based on fractal dimension (D) and on the
perimeter of the leaves (P) being shown in
figures 3-12. The length and width of leaves (L,
W) have facilitated the prediction of leaf area
certainly lower than the fractal dimensions (D)
and
perimeter
(P)
of
the
leaves
2
2
( RW  0.753  0.895 , RL  0.672  0.879 ).

1.72E-20 3.04E-16 1.43E-14
6.62E-12 4.01E-17 1.64E-17
1.48E-30 3.70E-26
0.968
2.26E-38
0.951
0.985

L – leaf length; W – leaf width; P – leaf perimeter; LA – leaf area;
D – fractal dimension

Given the correlation between fractal
dimension and the parameters descriptors of

Table 4. Prediction of leaf area in apple cultivars based on fractal dimensions and perimeter of leaves
Cultivar
Delicios
Florina
Generos
Jonathan
Pionier

Parameter
Equation
for PLA
P
PLAP  2864.5 x 2 10372x  9411.5
D
PLAD 1624.1x 2  5707.1x  5027.9
P

D
P
D
P
D
P

Equation
number
(6)

R2

P

RMSE

0.962

<<0.001

5.2405

(7)

0.970

<<0.001

2.1837

2

(8)

0.941

<<0.001

5.3668

PLAD  808.42 x  2628.8 x  2122.3

PLAP   0.0003x  0.4373x  0.9412

(9)

0.991

<<0.001

1.3003

2

(10)

0.968

<<0.001

4.4593

PLAD  860.33x  2890.1x  2432.9

(11)

0.985

<<0.001

2.6492

(12)

0.931

<<0.001

2.9974

(13)

0.979

<<0.001

1.3277

(14)

0.952

<<0.001

2.0055

0.985

<<0.001

1.3796

2

PLAP   0.0005x  0.5319x  73.471
2

2

PLAP   0.0002x  0.269 x  26.483
2

PLAD  38.384 x 189.6 x  454.49
2

PLAP  6 E  07 x  0.2058x  21.9

(15)
PLAD   82.4 x  681.14 x  950.87
PLA – predicted leafa rea; P – perimeter of leaves; D – fractal dimension
D

2
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Figure 3. The particular distribution of leaf area values,
Figure 4. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Delicios de depending on fractal dimension at the cultivar Delicios de
Voineşti
Voineşti

Figure 5. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Florina

Figure 6. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Florina

Figure 7. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Generos

Figure 8. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Generos
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Figure 9. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Jonathan

Figure 10. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Jonathan

Figure 11. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Pionier

Figure 12. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Pionier

characterize the leaves at 10 species of trees,
and found that the fractal dimension
appropriately defined can be used to
discriminate between species with accuracy
greater than 90%, especially when it is used
together with other measurements. He summed
that fractal analysis can be used in informatics
systems for identifying species and taxonomic
purposes only. Mancuso (1999, 2001) used the
fractal dimension as an appropriate tool in
ampelographic research, to characterization of
over 10 vine genotypes, similar studies being
conducted and by Oancea (2007) who has used
fractal analysis to characterize six varieties for
grapes table and wine. Jonckheere et al. (2006)
used the fractal dimension (D) as a correction
parameter for the evaluation of leaf area index
(LAI) in the studies of some forest species in

Similar levels of safety in predicting leaf area
based on L and W were reported and by Blanco
and Folegatti (2003), Mokhtarpour et al. (2010)
and Rouphael et al. (2010a, b), but their results
of were not compared with fractal analysis.
In various studies, fractal analysis was used as
an appropriate tool in order to characterize the
structural complexity of plant species studied.
Vlcek and Cheng (1986) have used the fractal
analysis to study blade of the leaves at six
species of trees, and the results have shown that
the fractal dimension is sensitive to variations
of the leaf within a species. They found the
fractal dimension variation from average at red
oak, white oak and maple sugar, depending on
the W/L and the degree of jaggedness of the
leaf.
Borkowski (1999) used the fractal analysis to
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indicator for the evaluation of the crown and
production at apple depending on the cutting
trees maintenance.
Safe differentiation obtained from the analysis
of three species of Relbuniun (Rubiaceae) by
fractal analysis (based on fractal dimensions)
was the argument which the Mariath Araujo et
al. (2010) have considered that the fractal
measure (fractal dimension), can be regarded as
a taxonomic character in differentiating
species, based on analysis of fractal properties
at the leaf lamina. Da Silva et al. (2015), based
on the study of more than 50 plant species,
have found that fractal analysis is an accurate
tool for the characterization and discrimination
between different biological structures, the
fractals descriptors (D) being accurate and
reliable in the taxonomic identification of plant
species.
Most studies used fractal analysis for the
characterization of leaf lamina at various
plants, for the characterization and discrimination of species or biotypes, for association of
fractal properties with plants age, or biological
material behavior evaluation to certain
environmental conditions. Do not have found
studies in which the fractal dimensions to be
related with the foliar surface, usually the
fractal dimensions are associated with the
shape and complexity of the leaf lamina. In this
study, the fractal dimensions were correlated
also with leaf area, along with other foliar
parameters (L, W, P), and facilitated the safe
discrimination between apple cultivars studied,
for which can be used as a precise tool for
analysis in studies of pomology.

relation to the theoretical distribution of the
foliage.
Based on morphological and fractals
parameters, Mugnai et al. (2008) studied the
possibility of identification of 25 genotypes at
the species Camellia japonica L. The results
highlighted the potential of those parameters to
discriminate genotypes studied, having on hand
a relatively accessible technology based on an
optical scanner and a personal computer.
Rosatto et al. (2011) used fractal analysis to
characterize the leaves, and as a tool for
taxonomic analysis, at the different species of
the Melastomataceae family. With all the
difficulties of identifying species of that family
without the presence of reproductive organs,
analysis of fractal geometry leaves on both
surfaces (adaxial and abaxial), facilitated
parameterization and identifying those species
with a precision much higher than other
traditional methods. They concluded that the
fractal approach may be useful for identifying
species in the absence of reproductive material,
and it is a quick and powerful tool for
discrimination and identification of plant
species. Gazda (2013), studying blackberry
leaves through fractal analysis found that the
fractal dimension is more related to the
complexity of shape than the leaf size. And in
the case of this study was found an
interdependent relationship between the fractal
dimension and leaf area and leaf descriptor
parameters (L, W and P) for the five apple
cultivars studied.
Systems of branching of the tree, the geometry
of the stem bark in relation to the species and
age of the trees, the root system or the leaves
structure were studied by fractal analysis to
characterize different species and genotypes of
spontaneous or cultivated plants (Hartvigsen,
2000; Bruno et al., 2008; de Araujo Mariath et
al., 2010; Cope et al., 2012; Du et al., 2013;
Sala and Boldea, 2014). Zhang et al. (2011)
have used fractal analysis to characterize the
configuration of crown of apple tree "Fuji"
after winter pruning, and have found the
correlation of fractal dimensions (D) with the
architecture of tree crown and fruit production.
Fractal dimensions variation was mainly
determined by branches distribution on the
trunk and crown, and they concluded that the
fractal dimensions can be used as an accurate

CONCLUSIONS
Based on fractal dimensions obtained from the
analysis of fractal geometry at the apple leaves,
box-counting method, the five apple cultivars
studied were discriminated safely statistics
(Cophenetic coefficient = 0.967) by multivariate analysis. Compared with the leaves
descriptor parameters (L, W, P), the fractal
dimension (D) offered a prediction of leaf area
certainly higher, they being closely related to
the fractal geometry of the leaf lamina. From
the overall analysis of the results obtained (CV,
prediction of leaf area based on L, W), the
fractal dimension was more related to the
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complexity of leaves shape than of their size at
the apple cultivars studied. Fractal analysis has
proven to be a tool with great power to
separation of the results, and discrimination of
the ones five apple cultivars studied, which
recommends her as a tool in studies of
pomology.
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Abstract
The objectives of this study were to achieve an epidemiological investigation on subclinical mastitis in dairy cows and
to evaluate milk quality according to factors such as somatic cell number, protein, fat, dry matter, freezing point. The
study was carried out during 2014 in two farms located in north-west of Romania. Detection of subclinical mastitis at
farm A was carried out using MAST-O-TEST method and at farm B by KERBATEST method. In terms of temporal
evolution, the highest incidence of subclinical mastitis was recorded in summer (farm A: 4.38%, 5.18%, 5.78% and
farm B: 4.46%, 5.36%). Regarding subclinical mastitis incidence in relation to age of the animals, the highest values
were observed in animals ranging from 4-6 years (62.75% - farm A and 60.00% - farm B). The epidemiological study
conducted in relation to the stage of lactation showed that the highest rate was recorded in cows in the 4th lactation
(47.55% - farm A and 48.57% - farm B). The overall analysis of the results relating to the anatomical positioning of the
affected quarter revealed that the highest frequency was observed in the hindquarters (68.16% - farm A and 68.57% farm B). A higher incidence of subclinical mastitis was observed during summer season and therefore biochemical
analysis and determination of somatic cells number (SCC) were performed only during this period. For these
determinations an automated system - CombiFoss was used. The control group (C) showed SCC values between 130 300 SCCx10-3 mL-1 while in mastitis group (M) the number of somatic cells was between 678 - 1,705 SCCx10-3 mL-1.
The mean values for the other parameters were as follows: dry matter (C-10.18%, S-8.36%), protein (C-3.41%, S2.88%), fat (C-4.06%, S-3.28%), freezing point (C-0.529, S-0.609).
Key words: cow, subclinical mastitis, somatic cell count.

INTRODUCTION

MATERIALS AND METHODS

Mastitis is known as one of the most common
and economically important production disease
among dairy cows in the developing countries.
Most of the mastitis cases are without visible
symptoms (subclinical) and pass unnoticed.
Cows diagnosed with subclinical mastitis
contribute the most to the total production loss
for the farmer (Marta Woloszyn, 2007).
High somatic cell count (SCC) in milk is
associated with mastitis.
SCC has proven to be a good indicator of udder
health and is the most frequently used indicator
of subclinical mastitis (Östensson, 1993).
Mastitis has a negative effect on nutritional
milk components making fat (Korhonen &
Kaartinen, 1995; Walstra et al., 2006a) and
protein (Korhonen, 1995; Walstra et al., 2006b)
content decrease at high SCC levels.

The research was carried out during 2014 in
two farms from North-Western Romania (farm
A and farm B) on a total of 614 lactating cows.
Data on intrinsic factors that may act as risk
factors on milk quality were collected.
An analysis of milk quality in terms of udder
health was carried out taking into consideration
several factors: season, age of animals, number
of lactation, affected quarter and somatic cell
counts.
The quality of milk was determined according
to the fat content, protein, unsaturated dry
matter and freezing point.
In farm A, subclinical mastitis detection was
performed using the MAST-O-TEST method,
while in farm B, detection of subclinical
mastitis
was
conducted
using
the
KERBATEST method.
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of 25%, while the lowest percentage was
recorded in cows between 2 and 3 years
(12.25%). In farm B, an increased incidence in
cows between 4-6 years has been reported
(60%), followed by the group of cows over 6
years (25.71%), while the lowest rate was
recorded in cows aged between 2 and 3 years
(14.29%). Various other authors also reported
an increase in mastitis frequency with age
(Schultz, 1977; Dohoo et al., 1982; Bendixen et
al., 1988; Abdel-Rady and Sayed, 2010).

A higher incidence of subclinical mastitis was
observed during summer season and therefore
physico-chemical analysis as well as
determination of somatic cells number were
performed only during this period. Thus, the
second study was conducted on a total of 19
cows diagnosed with subclinical mastitis and
19 Romanian Spotted and Holstein Friesian
half breed healthy cows. For these
determinations an automated system –
CombiFoss (Foss, Denmark) was used.

Table 1. Maximum incidence obtained from the
epidemiological study

RESULTS AND DISCUSSIONS
Subclinical mastitis was identified in all
categories of cows, with different variations
depending on intrinsic factors that were
studied.
Monthly analysis indicated that subclinical
mastitis was diagnosed during all months of the
year, but their incidence varies from month to
month. Following the diagnosis of subclinical
mastitis, conducted using the MAST–O–TEST
method, in farm A, 204 cows were identified,
the average monthly incidence being 3.45%; in
farm B, as a result of mammary gland
supervision with KERBATEST, 35 cows were
diagnosed, the average monthly incidence
being 3.27%. In our study, the percentage of
subclinical mastitis in farm A ranged from
1.79% in December and 5.78% in August. In
farm B values were between 0.89% and 5.36%.
Subclinical mastitis had an uneven distribution,
with an upward trend since January (1.79% for
farm A and 0.89% for farm B) until August,
reaching the highest values in June, July and
August (farm A: 4.38%, 5.18%, 5.78% farm B:
4.46% and 5.36% respectively), followed by a
decrease until December when the lowest value
was recorded. The higher incidence of
subclinical mastitis in summer (June, July and
August) may be due both to high temperature
and favorable conditions, as well as increased
virulence of pathogens. Our results regarding
the influence of season on mastitis are similar
with those presented by Abdel-Rady and
Sayed, 2010.
Analyzing the frequency of subclinical mastitis
in cows, in relation to age, the highest value
was observed in cows ranging between 4-6
years (farm A) - 62.75%. Cows aged over 6
years showed a subclinical mastitis frequency

Season
Farm
A
Farm
B

JuneAugust
(4,385,78)
JuneAugust
(4,465,36)

Age

Lactation
number

Affected
quarters

4-6 years
62.75%

4th
lactation
47.55%

Hindquarters
68.14%

4-6 years
60%

4th
lactation
48.57%

Hindquarters
68.57%

The epidemiological study of subclinical
mastitis in cows, conducted in relation to the
stage of lactation showed that the occurrence of
these diseases is directly proportional to the
number of lactations. In farm A, the maximum
incidence was found during the fourth lactation
(47.55%), while the minimum value was
recorded during the first lactation (8.82%). The
same report was maintained for farm B with
limits between 11.43% (first lactation) and
48.57% (fourth lactation).
The highest incidence of subclinical mastitis
depending on the affected quarter was recorded
for the hindquarters (farm A - 68.14%, farm B 68.57%), while the percentage of forequarters
affected was 31.86% in farm A and 31.43% in
farm B.
A higher incidence of subclinical mastitis was
observed a during summer season and therefore
biochemical analysis and determination of
somatic cells number were performed only
during this period. A control group was chosen
(C) made up of cows that showed SCC between
130-300 SCx10-3/mL-1 while in mastitis group
(M) the number of somatic cells was between
678-1.705 SCCx10-3 mL-1.
The mean values of physico-chemical
parameters evaluated (dry matter and protein,
fat and freezing point) are presented in Table 2.
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The values obtained from mastitic milk samples
in case of non-fat dry matter ranged from 7.69%
to 9.26% with an average of 8.36%.

these diseases is directly proportional to the
number of lactations, the highest rate being
recorded in cows in the 4th lactation (47.55% in
farm A and 48.57% in farm B).
The results obtained in relation to the affected
quarter by their anatomical position showed
that the highest frequency occurred in the
hindquarters (68.14% - farm A and 68.57% farm B).
Healthy animals showed SCC values between
130 - 300 SCCx10-3 mL-1 while the number of
somatic cells in cows with subclinical mastitis
was between 678 - 1.705 SCCx10-3 mL-1. The
mean values for the other parameters were as
follows: dry matter (C-10.18%, M-8.36%),
protein (C-3.41%, M-2.88%), fat (C-4.06%, M3.28%), freezing point (C-0.529, M-0.609).

Table 2. The mean values of physico-chemical
parameters for the groups studied

Mastitis
group (M)
Control
group (C)

SCC
x10-3
mL-1

Dry
matter
(%)

Protein
(%)

Fat
(%)

Freezing
point

1.249

8.36

2.88

3.28

-0.609

232.63

10.18

3.41

4.06

-0.529

The values of this parameter in control group
ranged between 9.35% - 11.20% with an
average of 10.18%. All recorded values of
this parameter were below accepted limit
(12.4 g/100 g milk). In case of milk proteins,
mastitic milk values ranged between a
minimum of 2.67% while the maximum level
was 3.2% with an average of 2.88%. In healthy
cows values were between 3.23% and 3.64%
with an average of 3.41%. The percentage of
fat for M group ranged between 2.9% - 4%
with a mean value of 3.28%, while in control
group normal values between 3.5% and 4.5%
were found, with an average of 4.06%.
This data is in agreement with other findings,
according to which mastitic milk shows lower
percentages of protein and fat (Korhonen,
1995; Korhonen and Kaartinen, 1995; Walstra
et al., 2006a; Walstra et al., 2006b).
Freezing point values ranged between - 0.531
and - 0.643 in mastitis milk and between
- 0.520 and - 0.544 in control group with
average values of - 0.609 and - 0.529, respectively.
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CONCLUSIONS
In terms of temporal evolution of mastitis, there
is a variable distribution from one month to
another, and from one season to another, the
highest incidence being recorded in summer
(farm A: 4.38%, 5.18%, 5.78% farm B: 4.46%,
5.36%).
Regarding the incidence of subclinical mastitis
in relation to the age of animals the highest
values were observed in animals ranging
between 4-6 years (62.75% - farm A and 60% farm B).
Epidemiological investigation of subclinical
mastitis in cows conducted in relation to the
stage of lactation showed that the occurrence of
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Abstract
The paper presents the tracking of the behavior in time of Cumpăna Dam by establishing the horizontal displacements
(dx and dy) compared to the base tranche and the previous tranche, and also the processing of these measurements and
establishing conclusions and recommendations regarding the behavior of the objective taken into study. The
planimetric tracking network used in the case study consists of 7 pilasters and 25 tracking marks. The azimuth and
zenith observations made in the case of Cumpăna Dam were conducted with the total station of geodesic order, Leica
TM 30 which provides an angular accuracy of 0.5 " or 1" and a distance measuring accuracy of 0.6 mm + 1 ppm on the
prism, respectively 2 mm + 2 ppm to any surface. A condition for the accurate determination of absolute displacements
of the construction is the stability of geodetic network points. The compensation of the micro-triangulation network was
performed in block, using the least squares method.
Key words: concrete dam, horizontal displacements, micro-triangulation, tracking marks.

INTRODUCTION

Support networks related to the tracking of
concrete dams, of hydro-technical or hydroenergetic objectives are in the form of a microtriangulation local network with high accuracy
(Dima, 1999; Ghitau, 1983; Ortelecan, 2006;
Salagean et al., 2016).
Support network points (pilasters) of which are
made the zenithal, azimuth and distance
observations are constructed of reinforced
concrete that are embedded in solid bedrock,
giving them the certain stability.
At the top of the pillars, immediately after their
concreting, is placed a special plate for forced
centering the geodetic instruments (Ortelecan
et al., 2012).
Paper presents the tracking of the behavior in
time of Cumpăna Dam by establishing the
horizontal displacements (dx and dy) compared
to the base tranche and the previous tranche,
and also the processing of these measurements
and
establishing
conclusions
and
recommendations regarding the behavior of the
objective taken into study.

In order to ensure protection and safety of dams
it should be considered the action that water
exerts on these hydro-technical constructions
(Hann, 2015).
By creating accumulation lakes, dams produce
a variety of effects on the environment such as
the change of: climate regime, biological
regime, groundwater regime from the slopes
which support the dams (Brebu et al., 2010;
Herban et al., 2015).
In order to avoid natural hazards such as
breakage of dams, their overthrow, landslides,
water spilling in the downstream etc. It requires
the monitoring of the behavior in time of these
hydro-technical constructions, beginning with
the construction period, during commissioning,
as well as during exploitation.
The aspect regarding the monitoring of the
behavior in time and ensuring dam safety is
regulated by Law no. 466 from 18th of July
2001, for approving the Government
Emergency Ordinance no. 244/2000 (Hann,
2014; Popa, 2012; Burghila et al., 2016).
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MATERIALS AND METHODS

The technical characteristics of Cumpăna
Dam are:
- Height measured above the foundation:
33 m.
- The length of the canopy cover: 110 m.
- The width of the canopy cover: 2 m.
- The width at the dam basis: 8 m.

The case study was conducted at Cumpăna
Dam, which is a concrete arch dam. The dam is
located on Cumpăna River at about 2 km from
the confluence with Vidraru Lake and at
about 25 km upstream from the Vidraru Dam
(Figure 1).

Figure 1. The location of Cumpăna Dam (source: capture http://www.geo-spatial.org/harti/)

Cumpăna Dam allows the capture of rivers
Cumpăna
and
Topolog
(through
an
underground passageway which has a length of
7 km) and their lead to Vidraru lake, through
Cumpana hydropower station (located at about
2 km downstream of the dam with an installed
capacity of 5 MW). The dam was put into
operation in 1968 (Figure 2).

For the micro-triangulation, respectively for the
measurement of directions and distances, it was
used a Leica TM 30 total station. This type of
total station provides an angular accuracy of
0.5" or 1" and a distance measuring accuracy of
0.6 mm + 1 ppm on the prism, respectively
2 mm + 2 ppm to any surface.

Figure 2. Cumpăna Dam
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RESULTS AND DISCUSSIONS

This network (Figure 3) consists of:
- 7 pilasters (D1, D2, D3, DB, S1, S2,
SB1);
- 10 tracking marks (R1, R2, R3, R4, R5,
R6, R7, R8, R9, R10).
In the micro-triangulation network performed
for monitoring the behavior of Cumpăna Dam,
were made angular and linear observations.
The method of measurement used for the
micro-triangulation has been the tour of the
horizon method, from each pilaster in which
was stationed were made 3 series of
measurements.

The micro-network triangulation pilasters were
built on the dam canopy (2 pilasters) and
downstream of the dam (5 pilasters). The
pilasters are equiped with Wild forced
centering devices. The tracking marks are
metallic and enameled, being suitable except
those which were broken and rusted.
The geodetic network for monitoring the
behavior in time of the construction was
designed in 1967 and is satisfactorily
materialized except the pilaster S1, which had
to be reconsolidated due to slope slipping.

Figure 3. The monitoring network

The compensation of the micro-triangulation
network was performed in block, using the

least squares method, being considered as fix
points: D1, D3 and S1 (Figure 4).
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Figure 4. Sketch of the monitoring network

The local coordinates of the pilasters and
tracking marks for the zero tranche are
presented in Table 1 and the coordinates for the
current tranche (tranche - 2016) are shown in
Table 2.

Table 2. Local coordinates of pilasters
and tracking marks - tranche - 2016
Point No.
1
2
3

Table 1. Local coordinates of pilasters
and tracking marks - tranche - zero
Point Name
D3
D1
S1
D2
DB
S2
SB1
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10

X (m)
Pilasters
946.0991
965.4544
954.8455
952.8683
990.2022
981.4304
979.1353
Tracking Marks
975.1041
986.4352
991.3991
991.3862
986.4351
974.8727
966.3920
966.1069
965.8737
965.3476

4
5
6
7
8
9
10
11
12
13
14
15
16

Y (m)
996.0471
969.5523
1020.2946
972.7380
987.1735
1026.2654
1034.3352
961.8975
977.2300
996.2729
1003.8018
1022.8078
1038.3249
1042.1744
1041.8860
1041.3242
1040.4777

Point Name
X (m)
Old Points
D1
946.0990
S1
954.8460
D3
965.4544
New Points
D2
952.8719
R1
975.1031
R2
986.4325
DB
990.1954
R3
991.3936
R4
991.3793
R5
986.4265
S2
981.4245
SB1
979.1290
R6
974.8602
R7
966.3812
R9
965.8639
R10
965.3394

Y (m)
966.0470
1020.2950
969.5552
972.7452
961.9056
977.2371
987.1797
996.2800
1003.8085
1022.8120
1026.2645
1034.3304
1038.3191
1042.1722
1041.3223
1040.4750

The compensation method:
- indirect observations method;
- compensation in block for triangulation
and trilateration;
- compensation in block for coordinate
differences x and y;
- constrained network on the old points.
Network total number of points:
- old points:
- new points:
Medium length of a side:

16
3
13
32 m

The planimetric displacements toward the basis
tranche are shown in Table 3, separately for
each tranche.
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Table 3. Comparative table of planimetric displacements toward the basis tranche

As it can be seen in the comparative table with
the planimetric displacements for each tranche,
in the case of tranche 2016, there are no results
for the landmark R8 because that mark was
destroyed.

The planimetric displacements of the tracking
marks placed on Cumpăna Dam, were
represented in a graph both for the X axis and
Y axis (Figures 5 and 6).

Figure 5. Planimetric displacements on X axis
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Figure 6. Planimetric displacements on Y axis

CONCLUSIONS
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In
carrying
out
the
topo-geodetic
measurements, it was found that the pilasters
DB and SB1 are damaged on top due to the
lack of protection covers.
In this regard it is necessary to protect them
with protective covers to prevent their
degradation in time.
In order to perform properly the following
micro-triangulation tranches, the visibility
aisles between the micro-triangulation pilasters
and the landmarks from the dam’s crest must
be widened. It is also necessary to inform the
competent
authorities
about
these
deforestations.
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Abstract
Nitrogen (N) is a key nutrient in agriculture production. While most of the European countries have a highly positive N
gross balance (Leip et al., 2011; EUROSTAT, 2017), Romania had a negative gross N balance in the year 2013. A
positive N balance indicates the risk of pollution by nitrate (N03-), ammonia (NH4+) and nitrous oxide (N20). In
contrast, a negative N balance might show the risk of soil depletion. We estimated an N soil surface balance and
assessed the potential uncertainties in the data as well as the relation between N inputs and N outputs. The Romanian
agriculture has a high N use efficiency of 0.99. Over the last 20 years we observed a slightly positive N soil surface
balance of 0.1 kg per ha. The average N inputs accounted for around 40 kg N per ha. The fluctuation of the N soil
surface balance between the years is high and mainly caused by the high fluctuation of N outputs, as due to weather
fluctuations and plant pest, the yield does not achieve its’ potential yield. However, the method of soil surface balance
has some drawbacks, as farm internal fluxes are separated. Therefore, the calculation of an N farm gate balance would
add some benefits as it is regarded as more precise due to the consideration of animal production.
Key words: Nitrogen surplus, Romanian agriculture, Ammonia emission, soil surface balance.

(NO3-) and nitrogenous oxide (N2O). A negative N
balance might show the risk of soil depletion
There are different methods to estimate a N
balance; some, like the soil surface balance (see
Figure 1), consider as system boundaries the soil
surface and therefore give evidence of the source
of N pollution, while others, like farm gate
balances, consider the farm as system boundary
and thus integrate also losses from animal
production (Oenema et al., 2003). The advantage
of a soil surface balance is the possible
identification of pollution especially caused by
nitrate (Spiess et al., 2010).
In this study, we estimated N balances using a soil
surface nitrogen balance for the total agricultural
sector of Romania over the last 25 year.

INTRODUCTION
Due to the collapse of the socialist regime,
Romania has undergone drastic changes in
regards to agriculture practices since 1989. On
the one hand, agriculture land was abandoned
(Müller et al., 2009). On the other hand, the
amount of agricultural input decreased
substantially (INSSE, 2017). One of this
agriculture inputs is nitrogen (N) fertilizer. The
input halved within one year. N is not only a
limiting nutrient for crop production, but also
essential for the productivity in animal
production.
Romania has according to EUROSTAT (2017)
a slightly negative N gross balance, due to the
reduction of N inputs. Leip et al. (2011)
showed that Romania had the lowest N balance
of all European countries in the period of 20012003.
N balances are a common method to assess the N
use efficiency of agriculture production of a
country as well as of a farm. An N surplus
indicates a potential loss of environmentally
harmful substances like ammonia (NH4+), nitrate

MATERIALS AND METHODS
The N balance for the agricultural sector of
Romania is estimated according to the soilsurface approach developed by the OECD
(OECD and EUROSTAT, 2007). N balance is
defined as the difference between nitrogen
input and output.
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Figure 1. N soil surface balance

Nitrogen input accounts for the following
elements: fertilisers (inorganic fertilisers,
livestock manure and any other organic
fertilisers), biological nitrogen fixation,
atmospheric deposition, and nitrogen contained
in seeds and planting material (OECD and
EUROSTAT,
2007).
Nitrogen
output
comprises nitrogen removed with the harvested
crop (including fodder crop) or with the grazed
fodder crop or grass (OECD and EUROSTAT,
2007). For this study, we used sectoral data
provided by the Romanian national institute for
statistics (INSSE, 2017). Sectoral production
quantities were multiplied with average N
content coefficients. The latter were estimated
by dividing the amount of protein with the
value 6.25, which is an average value for the
conversion of protein to N content (Janssen &
Oenema, 2008). If possible we used N values
provided by CHEMINOVA (2017) and Flisch
et al. (2009). Sectoral N fertilizer data was
provided by INSSE (2017). For estimating N
fixation, we used average fixation rates
provided by literature (Baddley et al., 2014;
Butler et al., 2001) for different legumes as
well as grasslands and multiplied them by the
corresponding cultivated area in Romania. For
the N deposition, we used data from Gauss et
al. (2008). For the missing years, we took the
average value of the years 1991 to 2006.

Uncertainty analysis
For estimating the uncertainty of the results, we
conducted a Monte Carlo simulation for the
most uncertain parameters such as N deposition
and N fixation, as well as N contents in outputs.
The uncertainty analysis was conducted in
GAMS (GAMS, 2013) with 1000 loops. For N
deposition, we varied for the missing years the
data between the maximum and minimum
values from 1991 to 2006. For highly uncertain
inputs like N fixation and N content in manure
the values were varied by 20%. For fertilizer
inputs, the data were considered less uncertain
and therefore, the variation was only set to 1%.
RESULTS AND DISCUSSIONS
N surplus of Romania showed a high
fluctuation over the years 1990-2015. On
average we observed a surplus of 0.1 kg ha-1
(Figure 2 c).
Uncertainty is higher for N inputs (Figure 2 a)
than for N outputs (Figure 2 b). N inputs
decreased in 1990 after the revolution sharply.
Since the year 2002 N inputs have increased
slowly.
In Romania, the inputs for fertilizer and
pesticides are still lower than in other countries.
The high N balance fluctuations (Figure 2c)
between the different years are driven by N
output fluctuations, which are caused by
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several factors that influence the yields like
weather and plant pests. After the 1990 yield
fluctuations even increased because the
irrigation system collapsed (Prăvălie, 2013).

Although, irrigation would have the possibility
to increase N outputs, it could have also a
negative impact on the environment (Faulstich,
2015).

a)

b)

c)
Figure 2. a) N input [kg/ha] b) N outputs [kg/ha] and c) N surplus [kg/ha] of Romania from 1990 to 2015
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agricultural sector of Romania N inputs from
manure reach almost the level of those from
fertilizers (Figure 3).
N fixation and deposition play only a minor
role for the inputs. Mineral fertilizer had
strongly decreased after 1990. Manure
production has decreased since 1990 by 30%
and the number of livestock by 37% (Figure 4).
Even though Romania has a high N use
efficiency, there is space for improvements.
With better application techniques, better
timing and adapted doses, it might be possible
to
close
the
yield
gap
(http://www.scritub.com/geografie/ecologie).
In addition, Romanian agriculture risks to
deplete the soil. Moreover, the spatial
distribution of the nutrient application also
plays an important role in sustainable farming
practice. Anyway, information should be
provided for the farmers in order to implement
best agriculture practice to avoid the risk of too
high losses of N inputs.
N soil surface balance has the advantage that
the data needed are usually available. The
disadvantage of the method is, that coefficients
for N content in farm yard manure as well as in
outputs strongly affect the results (Spiess et al.,
2010). These uncertainties could be reduced by
calculating a farm gate balance. Farm gate
balances do not consider internal fluxes and
therefore are considered as more precise
(Spiess et al., 2010). N farm gate balances
include also losses from animal production.
Therefore, the calculated N use efficiency is
usually lower than in a soil surface balance
(Oenema et al., 2003).

The degree of uncertainty is higher for N inputs
than for N outputs because N inputs are mainly
determined by natural, more instable processes.
E.g., N fixation is determined by the soil
structure, plant composition and weather. The
inputs for N in manure has different uncertainty
levels. Firstly, the N content in manure varies
from animal to animal and secondly, the
number of animals includes also some uncertainties as non-farm households in rural areas
have usually one or two pigs for private consumption which might not be registered. Also,
some outputs may not be covered as they result
from subsistence farms or private gardens.
In average, the N surplus of the Romanian
agricultural sector over the years 1990-2015 is
0.17 kg ha-1 (Table 1).
Table 1. Average N balances for Romanian
agriculture for the year 1990-2015 (in kg ha-1 UAA
and in % of total input, respectively)
N Input
Mineral Fertilizer
N fixation
N deposition
N manure
N output
N surplus

kg.ha-1
45
20
5
0.01
19
19
0.17

%
100%
45%
12%
0%
43%
100%
0.4%

The N use efficiency is with 0.99 very high,
indicating that 99.60% of the N inputs are taken
up by crops. The most important N inputs are
fertilizers and manure (Figure 3). While most
of the European countries show higher N inputs
from mineral fertilizer than from manure, in the

Figure 3. N Input and N Output balance split by types of input
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Figure 4. Number of animals (LU)

CONCLUSIONS
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N soil surface balance is an agri-environmental
indicator that estimates potential losses of
nitrate, ammonia and nitrous oxides. In
average, we found for the Romanian
agricultural sector an N surplus of 0.17 kg ha-1
by calculating a soil surface balance.
The variation between the years is high. The
calculated N surplus is similar to the values
published by EUROSTAT (2017).
Romanian agriculture has a high N use
efficiency of 0.99, meaning that 99% of the N
input is taken up by plant products. However,
there remains space for improvement.
The variation of the N surpluses between the
years is mainly caused by high N output
fluctuations. These are caused by weather
fluctuations and plant pest that reduce the
potential yield.
The advantage of an N soil surface balance is
the data availability. However, as farm internal
fluxes are separated, the estimated N content ad
higher uncertainties. Therefore, calculating an
N farm gate balance can add some more
insights in the potential losses in animal
production and provide more precise results.
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Abstract
This paper aims to determine the areas and the variations of hydrological and hydraulic modeling using modern
software’s. As a case study for this paper I considered hydrologic and hydraulic modelling for Maramureş County for a
watercourse, using HEC-RAS software. Although current software allows complex mathematical models, we should
nevertheless consider the precision of imputed data, which most often affects the outcome. These errors must be
identified and considered for a proper decision. It should be noted that no matter how well the work is executed, a
hydro-technical project is not fully guaranteed, during its operation, due to major natural phenomenon that can
degrade and cause hazards.
Key words: flooding, hydraulic modeling, longitudinal profile, permanent flow mode, transversal profile.

INTRODUCTION

water will be, and what area (surface) it will
cover in case of a flood.
The main objective of hydraulic modelling is
predicting growth of surface water in order to
create flood risk maps. One can also predict
water speed, quantity and quality of sediments
(Maidment and Djokic, 2000; Burghila et al.,
2016). As input data we need the geometry of
the drainage canal and the hydraulic characteristics of the terrain, rainfall amount Q and
surface, initial water level.
As an output with hydrological modelling, we
achieve surface and water depth within each
section, along with other features. GIS is
mainly used for assembling terrain characteristics (area determination), the integration
and processing of hydraulic properties into a
hydraulic model.

When asking "How much water is there?" we
are beginning to talk about Hydrologic Modelling (drain rainfall pattern). It aims to
determine the water flow in the case of a storm
in a known area.
The main objective for hydrological modelling
is finding the stream discharge, Q, in a certain
location for a given rainfall event. This can be
determined by statistical methods or by
physical modelling.
GIS is used to summarize the characteristics of
the land and river basin models to integrate
them into a pattern (Salagean et al., 2016).
The main parameters to consider when working
with hydrological modelling are: rainfall,
evapotranspiration, terrain surface, water
bodies, infiltration, groundwater, rivers and
precipitation from a hydrographic pool
(Maidment and Djokic, 2000).
When wondering where water flows, we talk
about hydraulic - modelling. Hydraulics allows
us to see the amount of water flow and shape of
the channel and determine how deep and fast

MATERIALS AND METHODS
To achieve hydraulic calculations for a river,
the Hec GeoRas modul from ArcGis can be
used, with the possibility of retrieving data
directly in GIS from a digital elevation model
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or TIN but considering the lacking accuracy of
patterns, they are represented by plotting the
river system, banks, and identifying the central
line of the bed and setting up a maximum
extension study area, while also creating
transverse profiles into sections we want to
determining the desired water level for a
certain flow (Bilasco and Csaba, 2016).

The survey was made with a South NTS665
total station, with a 5” angular accuracy.
The integration of the survey into the national
grid, Stereo 1970, was made using two south
S82V dual frequency GPS receivers.
The surveyed plan is shown in Figure 1.

Figure 1. Situation plan of the studied area
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For obtaining this data we turned to a survey
plan measured by us that served to design a
bridge over the river Nistru from Tautii
Magheraus, Maramures County.
Based on surveying we determined seven cross
sections which will be further processed with
an open source version of HEC-RAS 5.0.1.

Main hydraulic variables such as water flow
velocity and depth become constant over time
(Figure 2) and a point in the stream. These
parameters, which depend on the slope,
roughness and geometry of the channel will be
different, point after point along the river,
depending on debit (Wang et al., 2017).

Figure 2. Schematic section of a stream, free surface and uniform flow Q, normal height yu and slope J (a);
Schematic cross section of a stream with a moist section A and moist perimeter area P (b) (Marcou, 2010)

With annotations in Figure 2, the ManningStrickler equation is written:
Kstr coefficient is proportional to the flow
velocity and inversely proportional to the
roughness of the terrain. Roughness is
determined by the n coefficient, according to
Manning. The relationship between Kstr and n
becomes:

where:
Q [m3/s] - is the flow;
A [m2] - moist terrain surface;
Kstr [m1/3/s] - velocity coefficient according to
Strickler;
RH [m] - hydraulic radius (RH=P/A, or P [m]
moist perimeter).
Building on the previous equation we can
determine the motion (leak) according to the
expression:

In order to form an opinion regarding the
typical values for Kstr, we can see the next four
examples (Figures 3 and 4).

Figure 3. Value for Kstr: a) Kstr = 45, watercourse arranged with concrete walls; b) Kstr = 42 broad watercourse, stony
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Figure 4. Value for Kstr: a) Kstr = 31 soft watercourse on alluvial bed; b) Kstr = 20 natural watercourse
with side vegetation and mobile alluvial bed

For hydraulic calculus a weighted average for
Kstr is determined. Etching the vertical
direction must be carried out so as to obtain a
constant roughness within each of the etched
parts.

Work steps for hydraulic modeling for the river
Nistru, Tautii Magheraus, Maramureş County:
• Surveying;
• Creating transverse profiles and profile
data entry to Microsoft Excel for ease of use in
HEC-RAS;
• Creation of the HEC-RAS project;
• Data Import
• Adding Manning coefficients for each
section;
• Hydrological model;
• Model calculus.
Running the model and generating layouts.
According to cross sections (Figure 5), data
were processed in Microsoft Excel and
introduced into HEC-RAS (Figure 6).

RESULTS AND DISCUSSIONS
The need for rapid calculation of water level
profiles (given the rapid manifestation of
extreme hydrological conditions) and the
astonding developmentof modern computing
have contributed to the possibility of
implementing equations within the software to
run on diverse operating systems (Bilasco and
Csaba, 2016).

Figure 5. Transversal profile
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Figure 6. Transversal profile HEC-RAS

In a similar manner we imported the
geometries for each cross section profile, from
1 to 7 and subsequently we specified the
distances between them, based on the
longitudinal profile axis. Introducing cross
sections is made from upstream to downstream.
Depending on the natural conditions we see on
the field, we will choose the value of Manning
coefficients from the table provided by Bilasco
and Csaba (2016) and we will associate every

section part for transversal profiles. On a
longitudinal plan, between two cross sections,
the software will make an average between set
coefficients. In Figure 7 we can see the main
features for Nistru river bank. Based on these
characteristics we selected and introduced
Manning coefficients using the graphical editor
XS, for the left bank, right bank and the flow
zone (Figure 8).

Figure 7. Nistru river bank - Tautii Magheraus, Maramureş County
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Figure 8. Determining the Maning coefficients by the transversal profiles

used to calculate the water level profile, based
on the Manning equation. Entering data
regarding debit, as multiple values for each
separate profile is achieved in part using the
submenu reach Boundary Conditions. Having
completed calculations, HEC-RAS has a
graphical and numerical interface, for viewing
the final result. It can be viewed the water level
determined for each profile in part and a
summary of the results, as numerical values
calculated from equations defining the model
for each profile/part. For cross sections the
table and cross section output is presented in
Figure 9 and the graphics (cross section) in
Figure 10. Water level for the profile can be
distinguished, according to Q moment minimum and T = 100 - maximum.
Also data on hydraulic model profile can be
viewed in a table, accessing summary output
table by profile (Figure 11).

The distances between the transverse profiles
were introduced in HEC-RAS. From the
editing menu, with help from a specific
window, the user can access information
regarding profile height, its length, information
found on the two axis and information
regarding the Manning coefficient values for
the three sections.
For running the Hydraulic model, data is
necessary regarding flow, debit, upstream and
downstream riverbed slope regarding section
profile calculation. The integration of these
data in the HEC-RAS project is done using the
module Steady Flow Data, if the flow is
considered uniform. Another factor shaping the
outflow, and that is taken into account in the
hydraulic modeling of the water level profile, is
the bed slope (Beilicci, 2016). Steady Flow
Data Module allows data introduction
regarding slope value/characteristics for
downstream and upstream for profile calculated
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Figure 9. Cross section output

Figure 10. Cross section graphical output

Figure 11. Longitudinal profile table output
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CONCLUSIONS

flooding but in terms of hydraulic modelling,
the location of this bridge is correct.
Hydraulic modelling using HEC-RAS software
for the databases riverbed geometry
representation and water flow speed, is a fast
and useful method if the accuracy of entry
database is high enough and we have sufficient
information about the elements that influence
the water flow and debit.
The accuracy of the final results depend 100%
on the accuracy of the elements introduced into
the modelling process.

Surveying work carried out on Nistru river,
Tautii Magheraus, Maramureş County, served
for the design and implementation of a new
bridge over the creek, considering the degree of
degradation of the existing wood bridge. In
regards to the design and execution of the
bridge, it was carried out by a specialized
company, which was completed in early 2016.
The minimum height of the lower metal deck
of the bridge was designed and built at an
absolute height of 187.8 m (Black Sea, 1970).
The bridge is slightly arched in the middle so
we took into consideration the lowest height of
the abutment.
The bridge was placed between the 4th and 5th
transversal profile (Figure 12) near the old
bridge’s location, which was eventually
decommissioned.
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Figure 12. Bridge across Nistru River

Analyzing hydraulic modelling results obtained
with HEC RAS, presented above, regarding the
location and the inferior height of the new
bridge deck, we can see that it was designed
over the critical hydraulic height, profile 5 –
has a maximum critical height of 187.51 m and
profile 4 - 186.07 m. An approximate average
for water critical height would be 186.8 m.
Considering that the bridges lower deck height
is 187.8 m, it has 1m above the critical
threshold.
Of course nature forces have no limitations and
should not be excluded any possible variant of
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Abstract
Feline infectious peritonitisis a disease determined by a coronavirus, affectingdomestic and wild cats and once
triggered is fatal in almost 100%. The occurrence of the related pathology are yet to be fully determined; currently, a
certain and confident in-clinicaldiagnosis is unavailable, as is the case for an efficient vaccine or a treatment that will
restore to health.
These make the feline infectious peritonitis a subject currently undergoing intensive research studies.
The paper presents the case of a 5 months cat patient manifesting the rapid evolution effusive form of the disease. The
aim of study was to evaluate if the variation of the 24 biological parameters studied was significant under treatment
with immunoglobulins of avian origin. The patient tolerated well the supportive therapy based on egg yolk
Immunoglobulin Y, without evidences of side effects.
Key words: feline infectious peritonitis, immunoglobulin Y, immunomodulatory treatment.

INTRODUCTION

FCoV diagnosis based on antibody titration,
antigen detection or PCR-based tests can’t
differentiate the strains. Actually, histopathology and immuno-histochemistry are the
reliable confirmatory procedure but laborious
for in-clinical diagnosis (Cobzariu et al., 2015).
Until present is neither effective treatment,
vaccine, nor diagnostic protocol able to
discriminate the FECV from FIPV (Brown et
al., 2009). However, a small ratio of cats
develops FIP during the FECV infection.
Reliable studies support the important role of
immune system in the pathogenesis of FIP.

Feline infectious peritonitis (FIP) is a severe
multi-systemic immune-enhanced disease of
cats, progressive and always deadly, associated
with feline coronavirus (FCoV) (Brown et al.,
2009; Cobzariu et al., 2015); also, it is a major
factor in kitten mortality (Hartmann, 2005). In
current Romanian practice, the difficulty of FIP
confirmation caused under-diagnosis of disease
in several cases (Cobzariu et al., 2015). Despite
the weakness of the detection, Feline Enteric
Coronavirus (FECV) is prevalent mainly in
high-density environments, with limited
clinical consequence (Kim et al., 2016).
FCoVs have two pathotypes: the feline enteric
coronavirus (FECV) and the feline infectious
peritonitis virus (FIPV). The two pathotypes
recognize different primary replication site, this
feature being related with the clinical outcome.
It is accepted the theory that FIPV is
originating from FECV infected cats by genetic
alterations - gaining tropism for macrophages and inducing the FIP disease (Bálintet et al.,
2012; Tanaka et al., 2012; Kim et al., 2016).

OPTIONS OF TREATMENT FOR FIP
Many strategies have been developed to cure
FIP. Interferons inhibit the FIPV in vitro but
not in vivo. Various immunosuppressants have
been studied, but although these drugs increase
life average, the FIPV infection remains fatal.
Therefore, an effective vaccine and a
therapeutic medicine to FIPV are still looking
for (Tanaka et al., 2012).
The immunoglobulin Y (IgY) is present in
birds and mainly in the egg-yolk (Bentes et al.,
2015). The IgY is playing the functional role of
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mammalian IgG (Kovacs-Nolan and Mine,
2004), but it present important physical and
structural differences toward the IgG molecule
and does not cross-react with mammalian
immunoglobulins (Polanowski et al., 2012).
The chicken egg yolk contain from 5 to 25 mg/ml
of IgY. In egg, IgY is stable for months, and
once purified it may be stored for years. The
chicken eggs present an ideal alternative source
of immune globulins for mammals. Ethically
and economically, producing antibodies in hens
should be considered (Kovacs-Nolan and Mine,
2004). Moreover, chickens are developing high
specific response against mammalian antigens,
which never naturally are exposed to (Sudjarwo
et al., 2014).
This research evaluated the effect of the use
beside the classical protocol of supportive
therapy based on egg yolk IgY.

- Abdominal swelling and pain;
- Lethargy;
- Decreasing appetite.
The ultrasound revealed a non-adherent fluid in
the abdominal cavity, in a moderate quantity;
consequent the abdominal centesis, 350 mL of
greenish-yellow fluid were extracted.
Additional investigations were performed in
order to reinforce the presumptive diagnosis:
the qualitative immunochromatographic test for
IgG antibodies gave low-positive result and the
immunofluorescence assay was also positive
for antibodies, at 1:400.
For this particular case, the general status of the
animal did not allowed performing the biopsy.
In order to screen the patient’s evolution, a
series of laboratory and clinical investigations
was performed in days one and eleven:
biochemistry, hematology andelectrophoresis
of serum proteins.
The physical examination was carried out as
prescribed by medical general procedures,
pointing
out
other
relevant
clinical
manifestations. Blood specimens were sampled,
prior and after the treatment, in order to assess
the hematological and biochemical parameters
and the serum protein electrophoresis.
The blood samples for the hematological assays
were collected on EDTA tubes and the samples
for biochemical examinations and those for the
electrophoresis of proteins were preserved in
tubes
containing
Blood
Coagulation
Accelerator and Serum Separating Gel.
The investigated parameters were:
- Cells blood count: White Blood Cells,
Granulocytes,
Lymphocytes/Monocytes,
Hemoglobin, Hematocrit, Mean Corpuscular
Hemoglobin Concentration and Platelet Count.
- biochemical assays: Glucose (GLU), Urea
(Blood Urea Nitrogen - BUN), Creatinine
(CRE), Calcium, Alanine Aminotransferase
(ALT), Alkaline Phosphatase (ALP), Gama
Glutamyl Transferase (GGT), Total Bilirubin
(Bil T), Amylase (AMYL) and Pancreatic
Lipase (LIPA).
Periodical were performed the abdominal fluid
centesis; the fluid was greenish-yellow, shoed
an advanced degree of opalescence and had
multiple fibrin clots. Four days prior the
treatments start, were extracted 350 mL of
fluid, as well as 500 mL in day one and 540 ml
in day eight.

MATERIALS AND METHODS
The study presents the case of a feline patient
manifesting an altered health status, with a 30
days history of sickness; the clinical features
involved repeated soft moist stool and a
constantly abdominal swelling, despite the
deworming treatment received.
Table 1. General info of the study case
Info

Patient

Species
Breed
Age
Sex
Hormonal status
Origin
Vaccination status
Parasites infestation status
Where it lives
Type of food
Other cats in house

Feliscatus
Domestic (Mixed) Breed
5 months
Male
Stray
Adopted from shelter
Unvaccinated
One single deworming
Exclusively in house
Commercial food
One adult cat, female, 10
years old

The evaluation was carried on the clinical
status, hematologic and biochemistry parameters, including the Serum Proteins, mostly in
respect to the life quality improvement.
Based on the clinical signs, it was presume the
diagnosis of FIP effusive form:
- Low grade fever - 39.4°C;
- Loss of weight;
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The avian immunoglobulin (IgY) treatment as
supportive therapy has been established for ten
days period. The IgY used is a polyclonal IgY,
obtained from chickens inoculated with the
bacteria
listed
below:
Acinetobacter
baumannii,
Streptococcus
pneumoniae,
Escherichia coli, Staphylococcus aureus,
Klebsiella pneumoniae, Salmonella enteritidis,
Salmonella
typhimurium,
Pseudomonas
aeruginosa, Clostridium difficile, Candida
albicans, Helicobacter pylori, Streptococcus
mutans and labeled as a food supplement.
For 10 days he IgY was 10 mg/daily, PO.
Symptomatic and supportive therapies were
implemented for side pathologies:
- antidiarrheal-therapy
for
digestive
disorders;
- vitamin complexes;
- antibiotic therapy;
- rehydration solutions;
- diuretics.
The patient survived 3 more days after the
second set of assays.
The study was performed according to the in
force ethic procedures.

Clinical sign
Appearance
Fever
Respiratory
disorders
Jaundice
Urinary disorders

Table 3.Values of the hematological parameters
Parameter
HCT (%)
HCB (g/dL)
WBC (K/µL)
GRANS (K/µL)
L/M (10ˆ9/L)
PLT (K/µL)

Prior treatment
Modified
Present

Fatigue
Balance in rest
Balance in walking
Lymphadenopathy
Diarrhea
Abdominal pain
Abdomen

No
No
No
No
Yes - soft stool
No
Enlarged

Cachexia

After treatment
Modified
Present, but
reduced
Advanced
cachexia
Yes
Yes
Yes
No
Yes - soft stool
Yes
Enlarged

Normal
Range
24.0-45.0
8.0-15.0
5.00-18.90
2.50-12.50
1.5-7.8
175-500

Before

After

15.9
5.6
21.00
15.60
5.4
741

16.1
5.0
10.90
6.50
4.4
243

Evolution







Concerning the biochemical parameters (Table
4):
- high blood sugar value (quite possible induced
by the administration of supportive treatment);
- the renal functions were responsive until the
last day of life, when the increase of the
creatinine and urea over the limit suggest the
onset of renal failure;
- the liver and pancreas indicators maintained
at physiological values throughout the course
of the treatment;
- the increased value of the total bilirubin is in
correlation with the destruction of the red cells,
this being the cause of the severe anemia.

The catexpressed a clinical evolution specific
of FIP effusive form (Table 2). We evaluated
the clinical signs that literature presents as
being associated with this form, as follows: the
moderate pyrexia, abdominal distension,
weight loss, anorexia, dyspnea, pericardial
effusions, jaundice, ocular lesions and
neurological signs (Cobzariu et al., 2015).
Regardless of therapy, of IgY supplement and
of the periodic centesis, the overall status of the
patient quickly degraded.

Clinical sign
General status
Appetite for food
and water
Weight loss

No
No

After treatment
abdomen
No
Difficult
breathing
Yes
No

Concerning the hematological parameters
(Table 3), we note the following:
- severe progressive anemia;
- the decreasing of white blood cells;
- abnormal values of all parameters.

RESULTS AND DISCUSSIONS

Table 2. Clinical signs prior and after avian
immunoglobulin treatment

Prior treatment
abdomen
Yes
No

Table 4. Evolution of the biochemical parameters in
blood serum
Parameter
Glucose (mg/dL)
Urea (mg/dL)
Creatinine (mg/dL)
Calcium (mg/dL)
Alanine
aminotransferase
(U/L)
Alkaline
phosphatase (U/L)
Gamma glutamyl
transferase (U/L)
Total bilirubin
(mg/dL)
Amylase (U/L)
Lipase (U/L)
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Normal
Range
74-159
16-36
0.8-2.4
7.8-11.3
12-130

Before

After

88
20
0.5
8.6
68

166
43
0.7
7.1
98

Evolution






14-111

42

32



0-1

0

0



0.0-0.9

1.7

3.1



500-1500
100-1400

1058
815

915
691




we have not recorded relevant data to conclude
on the benefits of this therapy. Further studies
must be carried, on subjects submitted to the
supportive therapy, as soon as confirmed FIP.

The serum protein electrophoresis (Table 5)
pattern, in FIP positive cats, is relevant
regarding the Albumin/Globulin ratio (ranging
< 0.8). In our case the Albumin/Globulin ratio,
prior and during the treatment, was in respect
to data before.
The Albumin values remained below the
normal range, even decreased, despite the
supportive therapy set up; for the Globulins, the
values wasover the normal range from the start
of therapy and increased slightly, respectively
for the Alpha1-globulin and Gamma-globulin.
Although investigated parameters in relation to
the supportive therapy recorded differences in
absolute value, compared to the normal range
but also between the levels before and after
therapy, the variation wasn’t significant
(p>0.05).
Despite the evolution of the disease was acute,
the patient survived for a period of time that
was above the average - 13 days since the
treatment started, totaling a 6 weeks period
from the earliest clinical signs, comparative to
the 8-9 days period provided by most of the
literature (Kim et al., 2016; Fischer et al., 2011;
Ritz et al., 2007).
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Abstract
Listeria monocytogenes is a Gram-positive, psychrotropic, facultative anaerobic pathogen and it is the etiological
agent of listeriosis, a severe foodborne disease of major public health concern. Listeria monocytogenes has high ability
to adapt adverse condition. Therefore, the control of Listeria monocytogenes in foods and feeds is very difficult. N this
purpose, organic acids and bacteriocins have been used for many years in preservation of foods against pathogen
contamination. In this considering, it was aimed to determine the effects of bacteriocin, organic acid, and mixtures of
them on the Listeria monocytogenes in this study. Feeds were divided into six experimental groups that consist of
control, 150 mg/kg bacteriocin (B150), 300 mg/kg bacteriocin (B300), 3g/kg organic acid (OA), 150 mg/kg bacteriocin
+ 3 g/kg organic acid (B150+OA) and 300 mg/kg bacteriocin + 3 g/kg organic acid (B300+OA). Listeria
monocytogenes cultures were added by spraying on feed samples in sterile bags and were counted by inoculating onto
agars at 0, 7, 15, 21 and 28 days. At the end of this study, bacteriocin and organic acid supplementations have been
found to have positive effects on Listeria monocytogenes contamination. But the best antilisterial effects was achieved
by combined use of bacteriocin and organic acid.
Key words: bacteriocin, organic acid, feed, Listeria monocytogenes.

INTRODUCTION

contamination of animal feed by the Panel on
Biological Hazards. Listeria monocytogenes,
Escherichia coli O157: H7 and Clostridium sp.
are other hazards for which feed is regarded as
a far less important source (EFSA, 2008).
Listeria monocytogenes is an important
ubiquitous Gram-positive pathogen that causes
listeriosis, has a high ability to adapt to adverse
conditions and can survive at temperatures of
0-45 °C (Bizani et al., 2008; Dabour et al.,
2009; Cosentino et al., 2012; KasraKermanshahi and Mobarak-Qamsari, 2015;
Osés et al., 2015; Camargo et al., 2016). These
characteristics of Listeria monocytogenes make
its control extremely difficult (Iseppi et al.,
2008). Listeriosis is known as a serious disease
which has a high mortality rate as high as 30%
for especially pregnant women, newborn
children and the elderly and individuals with a
weakened immune system (Halimi et al., 2010;
Kosonosoka et al., 2012; Kim et al., 2015;
Pilchová et al., 2016). Consequently, the
control of pathogenic microorganisms in food
and feed has become a major concern in the
whole world (Halimi et al., 2010).

Animal feeds play a key role in establishing the
infrastructure necessary for the production of
animal origin products in the global food
industry and any factor that affects the security
of feed can directly affect the animal health and
human health through the food chain.
Therefore, safe feed production is an essential
element to reduce and prevent food safety
hazard into the food chain (FAO and IFIF,
2010; Bryden, 2012). However, feeds can be
contaminated with pathogenic bacteria in some
cases. The main sources of contamination are
grains and animal origin ingredients
(Maciorowski et al., 2006; Sapkota et al., 2007;
Cegielska- Radziejewska et al., 2013). These
ingredients can become cantaminated at any
time during growing, harvesting, processing,
storage and distribution (Maciorowski et al.,
2007; Carrique-Mas et al., 2007; Davies and
Wales, 2010; Jones, 2011; Torres et al., 2011;
Berge and Wierup; 2012). Salmonella spp. was
identified as the major hazard for microbial
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Colonies of Listeria monocytogenes were
enumerated and results expressed as CFU/g.
The values did not adhere to normal
distrubition, so data was expressed in log 10.
Data were analysed by ANOVA using the
GLM procedure with SAS 8 software. The
differences among the means were tested using
Duncan’s multiple range tests. All statements
of significance were based on a probability of
P<0.05.

Organic acids have been used for many years in
preservation of food and feed (Carrique-Mas et
al., 2007). In addition, bacteriocins, which are
ribosomally
synthesized
proteinaceous
compound, that have a bactericidal or
bacteriostatic effect on similar or closely
related bacteria strains, have begun to be used
as alternative to antibiotics in animal husbandry
(Lim and Kim, 2009; Sirsat et al., 2009; Kos et
al., 2011; Toomula et al., 2011; Arokiyamary
and Sivakumar, 2012; Murtaza et al., 2012;
Musikasang et al., 2012; Yang et al., 2012;
Chowdhury et al., 2013; Schyns et al., 2013;
Yusuf and Hamid, 2013).
All these considering, the purpose of this study
was to determine antilisterial effects of
bacteriocin and organic acid on Listeria
monocytogenes in feeds.

RESULTS AND DISCUSSIONS
Effects of bacteriocin and organic acids on
Listeria monocytogenes growth in feed were
given in Figure 1.

MATERIALS AND METHODS
Feeds were divided into six experimental
groups that consist of control, 150 mg/kg
bacteriocin (B150), 300 mg/kg bacteriocin
(B300), 3 g/kg organic acid (Selacid®
Green Growth MP) (OA), 150 mg/kg
bacterocin + 3 g/kg organic acid (B150+OA),
300 mg/kg bacteriocin + 3 g/kg organic acid
(B300+OA). Active ingredients of Selacid ®
Green Growth MP were sorbic acid, formic
acid, acetic acid, lactic acid, propionic acid,
ammonium formate, citric acid, 1,2propanediol, coconut/palm kernel fatty acid
distillate, silicondioxide (SiO2). Nisin was used
as bacteriocin in this study.
Culture of Listeria monocytogenes was grown
in tryptic soy broth at 37°C for 24 h and were
diluted 1:10-3 in sterile saline solution to a final
concentration of approximately 1.0 log cfu/ml
and 50 ml of this solution added by spraying
whilst stirring the 150 g of feed samples which
were weighed into sterile bags. Feed samples
were kept at room temperatures during the
experiment. On 0th, 7th, 15th, 21th and 28th days
of the study, 25 g of feed samples were taken
and homoginated with 225 ml of Listeria
Enrichment Broth and incubated at 30°C for
48 h. Then, samples were serially diluted in
sterile saline solution and 10 μl of these solutions
were pipetted onto PALCAM Listeria Selective
Agar with supplement (Merck) in triplicate and
plates were incubated at 37°C for 48 h.

Figure 1. Changes in the number of Listeria
monocytogenes in feeds (log 10/g).

There were no significant differences between
the groups in the initial numbers of Listeria
monocytogenes (p>0.05). The number of
Listeria monocytogenes in control feed was
found to be higher than other groups on the 7th
day of the trial (p<0.05). There was no
statistical differences between experimental
groups. On the 15th day, experimental groups
decreased Listeria monocytogenes count
compared to control group (p<0.05). It was
found that bacteriocin and organic acid
supplemented groups had greatest antilisterial
activity in this period (p<0.05). Similar results
was observed on 21th and 28th day of the trial.
In this study, it was observed that the increase
in bacteriocin levels decreased Listeria
monocytogenes count on 7th, 15th, 21th and 28th
days of trial compared to control group.
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al., 2013; Sansawat et al., 2013; Morey et al.,
2014). Ricke (2003) reported that antibacterial
effects of organic acids may be due to various
mechanism such as reducing intracellular pH
and denaturation of acid-sensitive proteins and
DNA.
In this trial, the best antibacterial effects against
to Listeria monocytogenes was observed in
groups that bacteriocin and organic acid were
added together. There are no available
references about feed to support these findings.
But, there are various studies investigating the
effects of bacteriocin and organic acid
supplementation together on pathogenic
bacteria in foods. The results of these studies
reported that bacteriocin and organic acid
supplementation have beneficial effects in
preventing pathogenic microorganisms growth
(Bari et al., 2005; Molinos et al., 2005; Wan
Norhana et al., 2012).
The increase in antibacterial activity by the
addition of a mixture of bacteriocin and organic
acid to the feeds indicates that these two
additives have a synergistic effect on Listeria
monocytogenes.

However, 300 mg/kg bacteriocin supplemented
group (B300) was statistically more effective
than 150 mg/kg bacteriocin supplemented
group (B150) only on 15th day of trial (p<0.05).
There was no significant difference between
bacteriocin supplemented groups on other days
of trial. The studies conducted to investigate
the antibacterial effects of bacteriocin on feed
and feed ingredients are deficient. However,
certain studies reported that addition of
bacteriocin producing microorganism to silage
leads to decrease in Listeria monocytogenes
count (Marciňáková et al., 2008; Zielińska et
al., 2015). Also, the results of various trials
indicated that addition of bacteriocin or
bacteriocin
producing
microorganism
decreased Listeria monocytogenes count in
milk (Bizani et al., 2008; Chanos and Williams,
2011; Cosentino et al., 2012; Fatima and
Mebrouk, 2013; Han et al., 2013; García et al.,
2015), cheese (Mahmoudi et al., 2012;
Malheiros et al., 2012; Yang et al., 2012;
Fernández, et al., 2014; Hassanzadazar et al.,
2014), yogurt (Benkerroum et al., 2003; Aslım
et al., 2004; Tufail et al., 2011; Zaeim et al.,
2014) and meat (Enan, 2006; Dortu et al.,
2008; Ruiz et al., 2009; Lauková and Turek,
2011; Sant’Anna et al., 2013; Osés et al., 2015;
Zanette et al., 2015). The results of this trial are
in agreement with the findings reported by
previous researchers. It was indicated that the
antibacterial effect of bacteriocin is based on
different mechanisms of action such as
alteration of enzymatic activity, inhibition of
spore germination and forming membrane
pores that disturb the energy potential of
sensitive cells (Parada et al., 2007; Singh et al.,
2013). But these mechanisms can be influenced
by several factors like bacteriocin dose and
degree of purification, physiological state of
the indicator cells and experimental conditions
(Cintas et al., 2001).
It was observed that the number of Listeria
monocytoges in feeds containing organic acid
was significantly lower than the control group
in this trial. These results are in agreement with
previous studiexaminnig the effects of organic
acids on the Salmonella, Clostridium,
Enterobacter in feed (Carrique-Mas et al.,
2007; Casagrande et al., 2013; Koyuncu et al.,
2013; Sbardella et al., 2015) and on Listeria
monocytogenes in foods as protective (Glass et

CONCLUSIONS
Although the positive effects were observed
with use of bacteriocin and organic acid
supplementation, the best antilisterial effect
was achieved by combined use of bacteriocin
and organic acid in our study. In order to better
understand the effect mechanisms of these
additives in animals and feeds, additional
researches on different concentrations, different
environments conditions with different species
of bacteria are needed.
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Abstract
Mushrooms from spontaneous flora are among the most important non-wood forest products, more than 3000 species
being consumed worldwide and more than 100 being of great importance in medicine, fighting against several diseases.
In Romania, there is a long tradition of collecting/picking edible mushrooms from the spontaneous flora, but concrete
data regarding the impact of mushrooms collecting on forest ecosystems is lacking. For estimating the quantities of
edible mushrooms that could be harvest from spontaneous forest flora managed by the National Forest Administration
in 2016, the following were taken into account: the reports recently done by the specialists of National Institute for
Research and Development in Forestry “Marin Drăcea”-INCDS; the database of INCDS regarding the non-wood forest
products; the current forest fund administrated by the National Forest Administration; the information contained in
scientific papers or resulted from research projects. The largest amounts of edible mushrooms that are harvested from
the Forestry Departments managed by National Forest Administration belong to the following species: Boletus sp.,
Cantharellus cibarius Fr. (chanterelle) and Armillaria mellea (Vahl) P. Kumm. (honey fungus). The most significant
impact of mushrooms collecting occurs in the terrestrial flora and fauna. In order to assure a low impact on
environment, the activity of harvesting edible mushrooms will have to respect the principle of sustainable management
of forestry resources, i.e. the harvesting should be made so as not to disturb the regenerative capacity and biodiversity
especially in the case of endangered species or in fragile ecosystems. If the activity of harvesting edible mushrooms is
supervised by the forest authorities who have experience in organizing such activities and in compliance with all the
recommendations, there is no possibility of occurrence of situations with negative effects on biodiversity or on the
abundance of mushroom species.
Key words: mushroom, collecting, impact, spontaneous flora.

INTRODUCTION

food security of future generations (FAO,
1991). Since ancient times, mushrooms were
considered gourmet ingredients across the
world, especially for their unique flavor, being
evaluated by mankind as a culinary miracle
(Dincă and Dincă, 2011). Latin poet Horace
(65-8 BC.) believes that "it is easier to despise
gold and silver than to give up a dish of
mushrooms" (Tudor, 2010). The mushrooms
are considered a delicacy with great nutritional
and functional values, being of great interest
because of their organoleptic properties,
medicinal and economic significance (Chang
and Miles, 2008; Ergönül et al., 2013).
However, it cannot easily distinguish between
edible and medicinal mushrooms because many
of the common edible species have therapeutic
properties and also the ones used for medical
purposes are edible (Guillamón et al., 2010).

The mushrooms are relatively simple plants
(Thallophyta), being grouped in Phylum of
Fungi, which is divided into five classes that
include the microscopic fungi (micromicetes)
and mushrooms with large fruiting bodies
(macromicetes) (Eliade and Toma, 1977).
They are among the most important non-wood
forest products, more than 3000 species are
consumed worldwide and more than 100 are of
great importance in medicine, fighting against
cancer and other chronic diseases (Chang and
Miles, 2008). For these reasons, the Food and
Agriculture Organization of the United Nations
(FAO-UN) promotes their use in order to
contribute to sustainable forest management
worldwide by assuring also the biodiversity
conservation and by improving incomes and
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Sometimes, the fruiting begins with small
production which then increases abruptly
interrupting, or with a moderate production
throughout the period of fructification (Chang
and Miles, 2008). Ecological optimum of
edible mushrooms is very limited, this feature
representing the main cause of the high
variability of productions in space and time
(Wasser, 2011).
Besides their nutritional and medicinal properties, mushrooms have important functions in
the forest ecosystem. They decompose organic
matter and the mycorrhizal fungi improve
nutrient acquisition, stress tolerance and
resistance to pathogens of the host trees (Smith
and Read, 1997).
They largely determine the evolution of the
substance and the transport processes of
radionuclides in forest ecosystems. Fungi play
a key role in mobilizing, uptaking and
translocation of nutrients and substantially
contribute to long-term maintenance of
radiocesium in forest soil organic horizons
(Steiner et al., 2002).
Therefore, within the ecosystem, the mushrooms have the following functions (Tainter
and Baker, 1996; Berg and McClaugherty,
2008; Smith and Read, 2008):
- humification and mineralization of organic
waste (both plant and animal origin) of
biota;
- solubilization of poorly soluble minerals
from mineral substrate and supplying the
plants with them;
- supply superior plants with nitrogen
compounds from the decomposition of
organic matter;
- structuring the soil by agglutination of
organic and / or mineral particles;
- structuring the organic deposits by binding
micelles (that have a radial or linear
development), which helps protecting the
soil surface and creates a specific
ecological niches at the litter layer;
- converting the organic material from the
soil surface into humus with different
qualities.
The mushrooms are preferred by many animal
species, without being their exclusive feed. The
animals that are currently eating mushrooms
are the following: the wild boar (Sus scrofa L.),
the brown bear (Ursus arctos L.), the European

According to recent studies, edible mushrooms
are becoming increasingly important for their
nutritional, sensory and pharmacological
characteristics (Ergönül et al., 2013).
With respect to their chemical composition,
mushrooms could become an alternative source
of new antimicrobial compounds, mainly
secondary metabolites, such as terpenes,
steroids, anthraquinones, derivatives of benzoic
acid, and the quinolones, but also of primary
metabolites, such as oxalic acid, peptides and
proteins (Valverde et al., 2014).
Mushrooms could also be an excellent source
of various nutrients that could be used directly
in the human diet and health promotion for all
synergistic effects of bioactive compounds
(Román et al., 2006; Barros et al., 2007; Vaz et
al., 2010).
The nutritional value of edible fungi is due to
their high content of protein, fiber, vitamins
and minerals and low level of fat (Mattila et al.,
2001; Barros et al., 2008). They are very useful
for vegetarian diets because they provide all
essential amino acids for adults’ requirements,
having higher protein content than most
vegetables (Barros et al., 2008).
Most edible mushrooms fructify in summer and
fall, having higher frequency and production in
hilly and mountain regions (Chang and Miles,
2008). During a year, in chronological order,
the first mushrooms that appear at the end of
winter are the representatives of Genus Peziza
Dill. ex Fries. They are followed by the fungi
of Genus Morchella Dill. ex Fries, at the
beginning of spring, followed by the representatives of Genera Tricholoma Fries, Amanita
Pers., Entoloma (Fr.) P.Kumm., that appear in
May. In the summer, several mushroom of
Genera Russula Pers., Lactarius Pers.,
Cantharellus Adans. ex Fr. and Boletus L.
appear, and in the autumn, in September,
October the large majority of fungi are
developing, disappearing later with the advent
of the first frost (Eliade and Toma, 1977).
Mushrooms are multiannual and the
fructifications generally have a short development phase. When conditions are favorable, the
fructification lasts several days. Sometimes,
depending on the environmental conditions, the
fructification can begin directly with a great
production which is maintaining for 2-4 days,
then it gradually decreasing until disappearing.
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2012) tones (MMAP, 2016a). Every year,
National Forest Administration Romsilva, by
taking into consideration the fructification, is
harvesting between 400 and 500 tons of edible
mushrooms
from
spontaneous
flora
(Crăciunescu et al., 2015). In Romania, the
harvesting of the edible mushroom is done
across the forest fund, administrated both by
approximately 140 private forest districts and
by around 330 state forest districts of National
Forest Administration Romsilva. The latter
ones are organized at county level into Local
Forestry Departments (ro. Direcție Silvică),
namely: Alba (AB), Arad (AR), Argeş (AG),
Bacău (BC), Bihor (BH), Bistriţa-Năsăud (BN),
Botoşani (BT), Braşov (BV), Brăila (BR),
Buzău (BZ), Caraş Severin (CS), Călărași (CL),
Cluj (CJ), Constanța (CT), Covasna (CV),
Dâmboviţa (DB), Dolj (DJ), Galați (GL),
Giurgiu (GR), Gorj (GJ), Hunedoara (HD),
Harghita (HR), Ialomiţa (IL), Iași (IS), Ilfov
(IF), Maramureș (MM), Mehedinţi (MH),
Mureş (MS), Neamţ (NT), Olt (OT), Prahova
(PH), Satu Mare (SM), Sălaj (SJ), Sibiu (SI),
Suceava (SV), Teleorman (TR), Timiş (TM),
Tulcea (TL), Vâlcea (VL), Vaslui (VS) and
Vrancea (VN) (forestry fund constituted of
forests, forests edges, meadows, wooded
pastures, meadows etc.).
The access to areas with edible mushrooms is
done by previously created roads for other
purposes (e.g. exploitation, connection between
communities, access to enclaves, transhumance
or old paths).
The harvesting of edible mushrooms does not
require special arrangements within the forestry
fund, such as deforestation or reducing in any
way the forest area. It involves especially a
judicious placement of the points of collection
(and acquisition), the necessary workforce and
the needed accommodation, as the case.
The main phases of harvesting activity are:
a. Evaluation of the fructification within the
known harvesting areas and also within the
lands where new areas with fructification were
identified;
b. Organizing the points or centers of
collection (storage spaces, equipped with scales
and packaging for short or long storage,
bedding, forms, acquisition funds, sanitary
authorization, posting of identifying and
harvesting instructions of mushrooms);

badger (Meles meles L.), the red squirrel
(Sciurus vulgaris L.), the European hedgehog
(Erinaceus europaeus L.), the spur-thighed
tortoise (Testudo graeca L.) and several snail
species, such as Orcula dolium Draparnaud and
Limax cinereoniger Wolf etc. Also, they
constitute vital support for various animal and
plant parasites, defined as hyperparasites
(Hanski, 1989).
In the spontaneous flora of Romania, the edible
mushrooms have a high distribution range,
being present in all forest ecosystems, from
plain to mountain regions, where the site
conditions are favorable for their development.
Together with forest fruit, medicinal plants and
game, mushrooms represent one of the most
important non-wood forest products for
Romania.
The spread of edible mushrooms is subject to
the existence of the forest environment and
forest related ecological niches, such as glades,
forests edge etc. Within the whole distribution
range there are areas with different potential
and intensities of fructification, being conditioned by the microclimate, type of vegetation,
anthropogenic pressure and exploitation.
In Romania, as in the case of other countries
worldwide, there is a long tradition of
collecting/picking edible mushrooms from the
spontaneous flora, but concrete data regarding
the impact of mushrooms collecting on forest
ecosystems is lacking. Therefore, the aim of
this paper is to estimate the quantities of
mushrooms that could be harvested by the
Local Forestry Departments within National
Forest Administration Romsilva and the
potential impact of mushroom harvesting on
the environment.
MATERIALS AND METHODS
The harvesting of edible mushrooms is a
seasonal activity, concentrated along the
growing season (April to October, depending
on the species biology and optimal harvesting
period), being primarily dependent on the
fructification intensity.
According to recent statistics, in Romania, in
the period 2009-2015, the average annual
quantity of the harvested edible mushrooms
from the spontaneous flora was 636 tones and
varied between 521 (year 2014) and 808 (year
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c. Manual harvesting (collecting / picking) of
mushrooms (by twisting and easily tearing),
packaging in baskets and moving to collection
points where the reception is done. The
harvesting of mushrooms is done during the
morning, after the dew disappears, on dry
weather, or if they require a preservation for a
few days, the optimal harvesting time is midday, but not in the heat, because then they lose
their flavor.
On rainy days, it is not advisable to harvest
mushrooms because they will be filled with
water; they will crush and will not be suitable
for preservation, increasing in this way their
percentage of perishability;
d. The reception of mushrooms takes place at
the collecting points and consists in taking the
baskets with mushrooms, weighing, and
placing them on the reception table, where
good, healthy and clean mushrooms are put.
Impurities and sick and poisonous mushrooms
are left into the basket in order to be
reweighted, and the difference determine the
received amount;
e. Temporary storage is done in boxes in cool,
dark and ventilated basements, by vertically
stacking;
f. The sending of products to valorification
centers must be done as quickly as possible and
must assure protection conditions against
qualitative depreciation.
Recently, in December 2016, on the website of
the Ministry of Environment, Waters and
Forests was posted, for public consultation, a
project of a Ministerial Order regarding the
instructions for harvesting and purchasing the
non-wood
forest
products,
including
mushrooms, specific to national forest fund
(MMAP, 2016b). This regulation is stipulated
by Article 58 paragraph (5) of the Law 46/2008
republished – Forest Code.
According to this project of Ministerial Order,
the activity of harvesting the non-wood forest
products, including mushrooms, shall be
conducted only by the owner or forest district
with individuals authorized by the forestry
district that is administrating the forestry fund
or providing forestry services.
In this way, it is expected to have an inventory
at national level regarding the points of
harvesting and the harvested quantities for each
species. This would be also a very useful tool

for assuring the principles of sustainable
development.
For estimating the quantities of edible
mushrooms that could be harvest from
spontaneous forest flora managed by the
National Forest Administration in 2016, the
following were taken into account: the reports
recently done by the specialists of National
Institute for Research and Development in
Forestry “Marin Drăcea” - INCDS; the database
of INCDS regarding the non-wood forest
products; the current forest fund administrated
by the National Forest Administration; the
information contained in scientific papers or
resulted from research projects.
The database of the non-wood forest products
was done by consultation the information from
the forest management plans elaborated in the
last decade (in order to take into consideration
the current area of forestry fund).
In these works, there is a chapter entitled Better
utilization of other forest products than wood
that consists of concrete (values) and approximate data (indication of species that could be
harvested), which are based on the experience
of field staff in the area and the records from
the forest districts regarding the harvests of
previous years (game harvested, salmonids
production, the products of spontaneous and
cultivated, medicinal and aromatic plants,
production of berries and edible mushrooms).
The corresponding values for forest districts
areas that were inventoried were multiplied by
a coefficient corresponding to the current total
area managed by Forestry Department.
The coefficient has determined by taking into
consideration the ration between total area of
forested land existing at Forestry Department
level and area of selected forest districts within
the same Forestry Department. Usually, the
area of four forests district for each Forestry
Department was taken into account. This
method of calculation provides (in the absence
of in-depth local studies on these resources) a
relatively real database of edible mushrooms
from the national forestry fund.
RESULTS AND DISCUSSIONS
It is noted from Figure 1 that the largest
amounts of edible mushrooms that are harvested from the Forestry Departments managed
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White Truffle), Morchella sp. (True morels),
Amanita caesarea (Scop.) Pers. (Caesar’s
mushroom), Russula alutacea (Fr.) Fr, Russula
vesca Fr. (bare-toothed Russula), Russula
virescens (Schaeff.) Fr. (green-cracking
russula), Russula cyanoxantha (Schaeff.) Fr.
(charcoal burner), Pleurotus ostreatus (Jacq. Ex
Fr.) P. Kumm (oyster mushroom), Lactarius
deliciosus (L. ex Fr.) S.F.Gray (saffron milk
cap), Agaricus silvaticus Schaeff. (Scaly Wood
Mushroom), Ramaria sp. Fr. ex Bonord. and
Marasmius oreades (Bolton) Fr (Scotch
bonnet).
It should also be mentioned that according to
the Ministerial Order no. 246/2006 regarding
the list of edible mushrooms from spontaneous
flora for which the harvesting and acquisition is
allowed, there are 35 species in this situation
(MAPDR, 2006).
This list is intended to grow to 108 species if
the project of the Ministerial Order (MMAP,
2016b) will be adopted.
Currently more and more European countries
are introducing lists of mushroom species
allowed for commercial use (Kotowski, 2016).

by National Forest Administration belong to
the following species: Boletus sp., Cantharellus
cibarius Fr. (chanterelle) and Armillaria mellea
(Vahl) P.Kumm. (honey fungus).
The honey fungus is harvest in significant
quantities almost in all counties across
Romania, but mainly in Maramureș, Suceava,
Bacău, Mureș, Neamț counties. In the case of
honey fungus, the fructification is strong in
hilly and mountain regions and weaker in plain
areas.
The largest amounts of harvested chanterelle
and Boletus sp. are located, like in the case of
honey fungus, in Suceava and Maramureș
counties.
The results in the case of Suceava County
confirm the data regarding harvested quantities
in the period 1963-1972, according to which
the 1918 tones of mushroom were collected,
mainly honey fungus and chanterelle (Ichim,
1994).
In addition, in much smaller quantities are also
harvested: Tuber aestivum Chatin (summer
truffle) (Dincă and Dincă, 2012), Choiromyces
meandriformis Vittad. (Transylvanian Big

Figure 1. Estimated quantities that could be harvested in 2016 by the Local Forestry Departments
of the National Forest Administration Romsilva

The potential impact of mushroom
harvesting on forest ecosystems and
measures to reduce it
The harvesting of mushrooms, being a direct

human intervention into the forest ecosystem,
could result in some degree of disturbance of
food chains. However, according to several
small-scale studies of the impact of mushroom
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in the disturbance of the topsoil, i.e. the organic
layer. Biochemical processes that are carried
out in soil are mildly affected.
During harvesting, the superficial layer of the
soil is compacted and the mushroom mycelium
is crushed.
In some areas, especially in underdeveloped
rural areas, some species of fungi (e.g. Russula
cyanoxantha, Pleurotus ostreatus, Cantharellus
cibarius, Armillaria mellea) are traditionally
consumed by the local population. Therefore
their harvest in large quantities may have
negative impacts on the lives and habits of the
populations concerned.
The environmental impact will be minimal if
the organization of the harvest is well done and
if the places of harvest are well known (the old
and the new harvesting areas) and if a
preliminary evaluation of all interrelations
existing within the ecosystem will be done in
order to assess the consequences as a result of
disappearance of food sources, unbalancing the
links in the food chains.

harvesting, it was concluded that careful
harvesting does not reduce fruiting (Diamandis
and Perlerou, 2001). But since the majority of
the commercially valuable mushrooms are
mycorrhizal, it should be taken into
consideration that mushroom harvesting with
high intensities could affect forest health and
productivity (Moore and Chiu, 2001).
Mushrooms are among the food varieties of the
omnivorous animals, that provide proteins and
lipids (the mushrooms’ content in the two
components being about 10%), other sources
(herbs) being very poor in such substances.
However, none of the animal species populating from our forests is exclusively feeding
with wild mushrooms from spontaneous flora.
Since the formation of fructification bodies of
fungi species occurs over a big period of time
(several weeks to a month or more) and the
diversity of the sites creates a strong differentiation regarding the momentum in which the
mushrooms are forming, there is a possibility
that the animal species which consume
mushrooms, to seek and find places where they
grow.
As regards the effect on mycorrhiza there are
no studies showing that there is a significant
disorder in nutrition processes.
It is possible that the spore-forming process to
be affected to some extent, but it is diminished
by the differentiated maturing periods.
The most significant impact of mushroom
harvesting occurs in the terrestrial flora and
fauna.
The impact on the flora consists of:
impairment of biodiversity (disappearance of
individuals with consequences of genetic
variability both at the species level and at
biocenotic level); reduction of regenerative
capacity (by harvesting the mature sporebearing fungi and destruction of mycelium
through soil compaction); the disappearance of
a species from its distribution range, that may
entail changes in the local ecosystem structure
(independent
from
natural
changes);
destruction of individual during collection.
The impact on the fauna consists of: disorder
the animal species that have their habitat in
places where the mushrooms are collected,
during harvesting campaign or even in
reducing, in some cases, the their food source.
The impact on soil is mechanical and consists

CONCLUSIONS
In order to assure a low impact on environment,
the activity of harvesting edible mushrooms
will have to respect the principle of sustainable
management of forestry resources, i.e. the
harvesting should be made so as not to disturb
the regenerative capacity and biodiversity
especially in the case of endangered species or
in fragile ecosystems.
The activity of harvesting mushrooms could
become also an important source for income for
the forest land owner or for the forest district
that has the area of harvesting in
administration. In this way, by increasing the
intensity of harvesting, but in the limits implied
by the principle of sustainable development, the
forest land owner or the forest district, as the
case, will decrease the pressure on trees.
Given the wide variation in the fructification
phenology of mushroom species in Romania
and the inability to anticipate and to forecast
the annual fructification, a repeated sampling is
needed, such as the sampling that takes place in
spring and autumn to determine when fructifycation will occur and with what intensity.
Thanks to the repeated assessments the
harvesting potential on vegetation layers and
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administrative units (counties, Forestry
Departments) are well known for the main
species of edible mushrooms.
If the activity of harvesting edible mushrooms
is supervised by the forest authorities who have
experience in organizing such activities and in
compliance with all the recommendations,
there is no or very low possibility of occurrence
of situations with negative effects on
biodiversity or on the abundance of mushroom
species.
Even if Romania is characterized as a country
with great potential for harvesting large
quantities of edible mushrooms, an alternative
to reduce the harvested quantities, hence the
pressure on the forest ecosystems is the
intensive cultivation of species of great interest,
especially for food industry.
Last but not least, a very useful tool will be a
national registry of quantities harvested for the
main mushroom species which will be easy to
be done if the Project of Ministerial Order for
approving the Instruction regarding the
harvesting and acquisition of non-wood forest
products specific to national forestry fund will
be adopted.
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Abstract
Salinity and drought are some of the major abiotic stresses that adversely affect eggplant productivity and quality. The
response of in vitro cultivated plants of three eggplant cultivars - Lagra Negra (LN), China-A2 (CH) and Black Beauty
(BB) to sodium chloride (NaCl) and polyethylene glycol (PEG8000) induced stress was studied. The Murashige and
Skoog, 1962 nutrient medium (MS + 1% sucrose and 0.8% agar) supplemented with NaCl (0; 50; 100; 150 and 200
mM) or PEG (0; 3; 8 and 10%) was used. The survival rate, percentage of rooted plants, plant height and root length
were recorded after three weeks of cultivation. The addition of 50 mM NaCl to the MS culture medium influenced
positively the plants growth, development and rooting. The survival percentage significantly decreased while increasing
salt concentration in the culture medium, especialy at 100 mM NaCl. Concentration of 150 mM NaCl was toxic for the
plants of all studied cultivars. The in vitro response of eggplant to drought stress was tested as well. The percentage of
surviving plants also decreased while increasing PEG concentration in the culture medium. The appropriate
concentrations of the abiotic agent (100 mM NaCl for salinity and 8% PEG for drought) for in vitro selection of
tolerant eggplant plants were established. Salinity and drought due to NaCl and PEG respectively resulted in higher
and more pronounced levels of proline in the cultivar LN plants, probably due to their better adaptation to abiotic
stress.
Key words: eggplant, in vitro selection, NaCl and PEG induced stress, survival rate, proline.

INTRODUCTION

Golegaonkar, 2004). Eggplant tissues present
high morphogenetic potential that makes this
plant a suitable model for studies in different
areas of plant science (Magioli and Mansur,
2005; Lakshman and Ravali, 2016).
Eggplant is moderately sensitive to salinity.
The increasing of NaCl negatively affects
almost all aspects of plant development,
including germination and vegetative growth
(Akinci et al., 2004; Krusteva et al., 2007). It
affects as well the early growth characteristics
of this species. Growth parameters in seedlings
and young plants are also influenced by
increasing the NaCl (Akinci et al., 2004). The
plant response to increased salinity varies
among species and cultivars. Drought is one of
the most important abiotic stresses reducing
crop growth and yield of eggplant. Tissue and
cell cultures may be used to obtain plants
tolerant to drought (Mohamed et al., 2000).
Polyethylene glycol (PEG), sucrose, mannitol
or sorbitol are osmotic stress agents used in the
in vitro selection (Hassan et al., 2004).
However, the effect of proline accumulation in
osmotic adjustment is still controversial and

Eggplant (Solanum melongena L.) is a
vegetable crop species belonging to the
Solanaceae family. Eggplant possesses
insufficient levels of resistance to biotic
(diseases and pests) and abiotic (high salinity
and drought) stress that cause serious crop
losses. This problem has been addressed by
hybridizing S. melongena L. with wild resistant
Solanum species, which present a wide genetic
diversity and are a source of useful agronomic
traits (Anisuzzaman et al., 1993; Blestos et al.,
1998). However, this approach is limited by
sexual incompatibility (Collonier et al., 2001a)
and difficulties in obtaining fertile progenies
(Gleddie et al., 1986). The application of the
biotechnological aspects of egg plant
improvement has been used as a powerful tool
for solving many target tasks in vegetable
breeding. In vitro methods are successfully
applied to improve both the resistance to
diseases and pests and the tolerance to abiotic
stress of eggplant (Collonier et al. 2001b;
Kashyap et al., 2002; Kantharajah and
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varies according to the type (Silveira et al.,
2003; Meloni et al., 2004). Proline accumulation is a part of the adaptation to unfavorable
environmental conditions, and a response to
disturbance of the water balance of the cell at
salt stress, low temperatures, heavy metals, and
high acidity. Proline is synthesized in large
quantities only when growth is sharply reduced
due to stress. The key enzyme responsible for
the accumulation of proline in the cell is
pyrroline-5-carboxylate synthetase; at stress
conditions, this enzyme is accumulated in large
quantities (Kavi Kishor et al., 1995). The accumulation of proline can be used as a biochemical marker for salt tolerance in eggplant.
The aim of the present study was to investigate
the influence of salinity (with NaCl) and
drought (with PEG) on the plant growth,
development and survival of in vitro cultured
plants of different eggplant cultivars, and to
select forms with enhanced tolerance to the
studied abiotic factors.

and development of the vegetation tip, which
was estimated by the normal growth of true
leaves, at least 0.5 cm in length. After this
period of cultivation, the roots and the damaged
leaves were removed and the plants were
transferred to the same medium free of NaCl or
PEG.
Culture conditions
All media were adjusted to pH 5.8 with 1N
NaOH or HCl, prior to gelling with agar-agar
and were sterilized by autoclaving (121 °C for
20 min.). Cultures were maintained in growth
room at 24±1°C temperature, under 16/8 h
light/dark regime, 40 μmol m−2 s−1 light
intensity provided by white fluorescent light
tube 36 W (Phillips).
Content of free proline
The content of free proline was determined
according to the method of Bates et al., 1973 in
the control and experimental variants on day 21
after induction of stress conditions. The
extinction of the top layer, colored in pink, was
measured spectrophotometrically at a wave
length of 514 nm. The amount of proline was
calculated by a standard curve (γ proline/ ml),
and the resulting value was defined by the
formula:

MATERIALS AND METHODS
Initial plant materials and culture medium
The three eggplant commercial cultivars, Larga
Negra (LN); China-A2 (CH) and Black Beauty
(BB) used in the experiment were obtained
from Institute of Plant and Genetic Resources,
Agricultural Academy, Sadovo, Bulgaria. To
study the effect of salinity and drought of the
medium on the plant growth and development
of the three eggplant cultivars, the basic
Murashige and Skoog, 1962 medium (MS)
containing 1% sucrose and 0.8% agar was
used. This medium served as a control. To
induce salinity and drought, the control
medium was supplemented with 0; 50; 100;
150 and 200 mM NaCl and PEG at concentrations of 0; 3; 8, and 10%, respectively,
with 40 plants. After application of the salt and
drought stress to the three cultivars, the number
of survived and rooted plants was counted after
21 days of cultivation. The survival rate was
defined as the ratio of the number of survived
plants in each count and the number of the
initially transferred plants. Morphological
parameters, such as the height of the aerial
plant part and the root length, were measured.
The plants showed normal morphological
development, including minimal depression

[mol/gFW] =

E. V (ml toluene)
FW (g).115.1

Statistical analysis
The data were subjected to one-way ANOVA
analysis of variance for comparison of means,
and significant differences were calculated
according to Fisher’s least significance
difference (LSD) test at the 5% significance
level using a statistical software package
(Statgraphics Plus, version 5.1 for Windows).
Data were presented as means ± standard error.
RESULTS AND DISCUSSIONS
The effect of NaCl stress on the three
eggplant cultivars
The effect of salt and drought stress on the
growth of in vitro cultures, derived from seeds
of three eggplant cultivars (LN, CH and BB)
was examined. To assess the salt stress of the
medium, the in vitro plants were transferred to
a MS rooting medium containing 0, 50, 100,
150 and 200 mM NaCl for 21 days of
cultivation. The plant growth was significantly
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The concentration of 200 mM NaCl was toxic
to the plants of the three studied cultivars. They
were not able to overcome the salt stress and
died - a fact that indicates that they are very
sensitive to high concentration of NaCl.
Inhibition of the development of the vegetative
tip and scorching of leaves were also observed.
Plant survival is often chosen as the main
criterion for salt tolerance in eggplant (Akinci
et al., 2004). This study has shown that the
survival of in vitro cultivated plants depends on
the cultivar and the stress intensity. Thus, the
cv. LN maintained a survival rate of 50% with
100 mM NaCl and was classified as salt
tolerant, and cv. BB - as salt sensitive. Depending on the cultivars, high NaCl concentration
affected significantly the root growth. The
positive effect of 50 mM NaCl concentration
was demonstrated by the increased plant height
and root length of the three cultivars, whose
dimensions were larger compared to the control
plants (Table 2). Well-developed plants with
dark green leaves were observed; the height of
the aerial plant part was 4.5; 3.7 and 4.1 cm for
the three cultivars, and the roots length - 4.3,
4.0 and 3.7 cm, respectively. At 100 mM NaCl
concentration the plant height was significantly
reduced (2.0, 1.6 and 1.8 cm, respectively for
the three origins) and the root length decreased
to 1.1; 1.0 and 1.5 cm, due to necrosis observed
in some of them. It was found that the root
growth is more adversely affected by the
application of salt stress than the aerial plant
part.

reduced with the increase of NaCl concentration. The data about the influence of NaCl
on survival rate, rooting and some morphological parameters of the in vitro cultivated
plants of the three eggplant cultivars are
presented of Tables 1 and 2. In our studies, we
searched for this selective concentration of
NaCl, which killed 70-80% of the plants, and
allowed 20-30% of them to be viable for
further development. The results show that the
concentration of 50 mM NaCl in the culture
medium has a positive influence on the growth,
development and rooting of the plants from all
three tested origins. After 21 days of cultivation
on culture medium with 50 mM NaCl, 100%
survival rate of all origins was registered. The
plants were characterized by well-developed
leaves and roots. Upon addition of 1% NaCl in
the culture medium, the number of survived
plants reduced by almost half, since part of the
leaves turned yellow during the first week of
culture (Figure 1). During cultivation of the
plants in the culture medium with 150 mM
NaCl, the plant number that survived salt stress
significantly decreased. Only for cv. LN 15%
survival was reported; however, the leaves
turned yellow and rooting was not observed
after three weeks of cultivation (Figure 1). The
few survived plants were characterized with a
very slow growth and by the end of the culture
period, the plant growth was terminated. These
results showed that at this stage of in vitro
development the cv. LN was more tolerant to
salinity compared to the cv. CH and cv. BB.

Table 1. Influence of NaCl on the survival of in vitro cultivated S. melongena plants
Content of NaCl in the culture
medium

Survived plants (%)
cv. LN

cv. CH

Rooted plants (%)
cv. BB

cv. LN

cv. CH

cv. BB

Control

100

100

100

80

55

70

50 mM NaCl

100

80

100

100

60

100

100 mM NaCl

50

40

30

35

20

25

150 mM NaCl
n = 40 plants

15

0

0

0

0

0

In fact, the slower growth is adaptive function
for the plants survival under stress and the
degree of salinity tolerance is often inversely
proportional to the growth rate (Queiros et al.,
2007). The reduction in growth not only helps
the plant to conserve energy for tolerance but
also limits the risk of inherited damage

(Hossain et al., 2007). During the further
cultivation of the plants in the culture medium
free of NaCl, the characteristic morphological
type was recovered. The lack/presence of
reparation capacity after stress may be used as
one of the criteria for abiotic stress tolerance
(Yasar et al., 2006).
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Table 2. Influence of NaCl on the plant height and root length of in vitro cultivated S. melongena plants
Plant height (сm)

Root length (сm)

Content of NaCl in the
culture medium

cv. LN

Control

3.8±0.94c

3.3±0.86b

3.4±0.89b

3.2±0.81b

2.5±0.71b

2.6±0.78b

d

c

c

c

c

cv. CH

50 mM NaCl

4.5±1.32

100 mM NaCl

2.0±0.65b

150 mM NaCl

a

1.4±0.57

cv. BB

cv. LN

cv. CH

cv. BB

3.7±0.92

4.1±1.15

4.3±1.18

4.0±1.24

3.6±0.95c

1.6±0.28a

1.8±0.46a

1.1±0.38a

1.0±0.29a

1.5±0.52a

0

0

0

0

0

Data are presented as means of 40 plants per treatment ± standard error. Different letters indicate significant differences assessed by
the Fisher LSD test (5%) after performing ANOVA multifactor analysis.

Figure 1. Effect of NaCl on the growth and rooting of in vitro cultivated plants of S. melongena, cv. LN

There was a progressive accumulation of
proline while increasing the amount of NaCl
(50, 100 and 150 mM) in the culture medium
compared to a control, in which the levels of
proline were significantly lower (Figure 2).
At 150 mM NaCl this amino acid peaked. At
the studied concentrations of NaCl, the lowest
value of the biochemical markers was reported
for the plants in cv. BB, and the highest one in cv. LN. Analysis of the plants indicated that

the level of free proline has increased in
response to the increasing concentrations of
NaCl in the medium. A large increase in
response to salt stress (100 and 150 mM) was
observed, although the growth of the plants at
these concentrations was minimal. It has been
found that the level of proline in the plants
tolerant to saline stress is higher than that in
the sensitive ones (Ashraf and Harris, 2004).

μmol/gF
Larga Negra

20

China-A2

15
10
5
0

Control

50

100

150

mM

Figure 2. Content of proline in S. melongena, treated to salt stress

The effect of PEG stress on the three
eggplant cultivars
Table 3 present details about the effect of PEG
on the studied parameters in in vitro eggplant

cultures. When the nutrient medium was
supplemented with 3% PEG, the percentage of
survived plants of all origins decreased.
However, a significant difference with the
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conditions of the medium may be regarded as
genetically conditioned adaptive response for
their survival, while passing the stress effects
(Yasar et al., 2006). Using various concentrations of PEG, different behaviors depending
on the cultivar were observed. The results
showed that 8% PEG significantly slowed
down the growth and decreased the plants
height and the roots length of cv. BB, while
these morphological parameters of cv. LN were
less affected by this concentration. The
depressive effect of PEG takes place during
root growth along the vegetative stage of
development. The poor development of these
parts is due to the increase of the osmotic
pressure in the medium and to nutritional
imbalance of the plant caused by a lack of
absorption and/or transport of nutrients to the
stem (Evelin et al., 2009).

control had not been proven. The percentage of
rooting was almost equal to that in the control
medium for the three cultivars, i.e. this
concentration has a positive impact on root
growth and plants rooting (Table 3, Figure 3).
Concentration of 8% PEG proved to be suitable
for selecting plants that survived the drought
stress of the medium. Survived plants were 60,
45 and 40% for the three cultivars respectively,
and the rooted ones were 50, 40 and 30%. The
treatment of the plants with 8% PEG for a
period of 21 days has a strong reducing effect
on the plants height and roots length. The
plants with withered leaves, with significantly
reduced dimensions of the aerial plant part (1.9,
1.6 and 2.0 cm, respectively for the three
cultivars) and reduced roots (1.5, 1.3 and 1.5
cm, respectively) were observed on this
nutrient medium (Table 4). The slower growth
and development of the plants under drought

Table 3. Influence of PEG on the survival of in vitro cultivated S. melongena plants
Survived plants (%)

Rooted plants (%)

Content of PEG in the
culture medium

cv. LN

cv. CH

cv. BB

cv. LN

cv. CH

cv. BB

Control
3% PEG

100
90

100
75

100
70

80
80

75
70

70
70

8% PEG
10% PEG

60
10

45
0

40
0

50
0

40
0

30
0

n = 40 plants

Table 4. Influence of PEG on the plant height and root length of in vitro cultivated S. melongena plants
Content of PEG
in the culture medium
Control
3% PEG
8% PEG
10% PEG

Plant height (сm)
cv. LN
4.2±1.14c
2.5±0.83b
1.9±0.51b
0.8±0.23a

cv. CH
4.0±0.96c
2.2±0.74b
1.6±0.48a
0

Root length (сm)
cv. BB
3.8±0.89b
2.0±0.67a
2.0±0.58a
0

cv. LN
3.2±0.91c
2.4±0.74b
1.5±0.44a
0

cv. CH
2.7±0.85b
2.0±0.61b
1.3±0.37a
0

cv. BB
2.6±0.86b
2.1±0.71b
1.5±0.47a
0

Data are presented as means of 40 plants per treatment ± standard error. Different letters indicate significant differences assessed by
the Fisher LSD test (5%) after performing ANOVA multifactor analysis

.

Figure 3. In vitro rooted plants of S. melongena, cv. LN on MS medium а) control and b) with 3% PEG
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it is seen that the increased concentration of the
acting agent in the culture medium led to an
increase of proline accumulation in the plants
compared to the controls, in which the levels of
proline were significantly lower. While higher
levels of proline were estimated in cv. LN
plants, the lowest levels of proline were found
in cv. BB.

The impact of drought on free proline content
was directly dependent on the concentration of
PEG as the rise in its level increased the
content of proline compared to the control. The
differences in the response of the three
cultivars of eggplant to PEG induced stress was
noticeable, since cv. LN accumulated more
proline than the other cultivars. From Figure 4

μmol/gF
10

Larga
Negra
China-A2

8
6
4
2
0

Control

3% PEG

8% PEG

Figure 4. Content of proline in S. melongena, treated with PEG
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