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Petru ALEXE, Cristian DIMA
”Dunărea de Jos” University of Galati, Faculty of Food Science and Engineering, Domneasca
Street, 111, RO-800201, Galati, Romania, Emails: petru.alexe@ugal.ro, cristian.dima@ugal.ro
Corresponding author email: cristian.dima@ugal.ro
Abstract
In the food industry, encapsulation process greatly contributed to the development of functional foods. Functional foods
are defined as being the foods that in addition to nutrients, supply the organism with components that contribute to cure
the diseases, or to reduce the risk of developing them. Thus, functional foods can contain bioactive components such as:
vitamins, peptides, minerals, fatty acids, poly-unsaturated fatty acids, phytosterols, lycopene, antioxidants, enzymes and
living cells such as probiotics. The extreme sensitivity of many of these desired compounds leads to their deterioration,
at conditions prevailing during food processing and storage, and thus significantly compromises our capability to
incorporate them into foods. In this context, encapsulation of food ingredients are made: to protect the bioactive
components against the some physical-chemical agents (temperature, pH, moisture, enzymes, oxygen, redox potential,
UV light) during the storage; to prevent the reaction of bioactive componentsonents with other components in food
products; for masking the bad tasting or smelling; to prevent the evaporation and degradation of volatile active
components; to promote the conversion of liquid active compounds into a powder; to assure the controlled release of
biocompounds etc. This paper aims to provide a short overview of commonly used processes to encapsulate food active
components.
Keywords: microencapsualation, food ingredients, wall materials, bioactive components.

INTRODUCTION
embedded and entirely covered by the
encapsulating material, while considering the
immobilization, the active components are
adsorbed to the material surface, so that there is
always the risk that they drain the system (de
Vos et al., 2010).
In terms of morphology, microcapsules can be
of two types (Figure 1):
x microcapsules type reservoir (or capsules)
in which the active substance is included in
a homogeneous space;
x microcapsules
type
matrix,
called
microspheres
(micro
beads).
In
microspheres, the active substance is
dispersed in polymeric network spaces.

Encapsulation is defined as a physic-chemical
process in which solids, liquids and gaseous
substances are surrounded by a coating, or
embedded in homogeneous or heterogeneous
particles, to give small capsules with diameters
ranging from a few nm to a few mm. In
scientific literature, the term of encapsulation
can be easily confused with the immobilization
one or encapsulation is sometimes considered
as being a technique of immobilization
(Champagne and Fustier, 2007).
Some researchers distinguish between the two
processes (de Vos et al., 2010). The most
important difference is the relationship between
the core material and wall material. By
encapsulation the active components are
Reservoir type

Shell material

Matrix type

Coated matrix type

Core material (bioactives)

Figure 1. Schematic representation of microcapsules morfology (Dima et al., 2014a)
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x do not react with core material
x to have good rheological characteristics at
high concentration (K  500 cps la c t
45%)
x to have good emulsification activity
x to have a good sensory quality
x to require low cost production and to be
available in large quantities.
The scientific literature has addressed the
various criteria for classifying the coating
materials (Augustin and Sanguansri, 2007;
Zuidam et al., 2010).
At encapsulation can be used a single material
or a mixture of materials (de Vos et al., 2010;
Thies, 2004).
Table 1 presents the lists with groups of
biomolecules frequently called as materials for
encapsulation in food products.

MATERIALS USED FOR
ENCAPSULATION
Considering the selection process of shell
materials used for encapsulation of food
ingredients, some general properties should be
considered (Zuidam et al., 2010; Brownlie et
al., 2007):
x to be food grade (certified as “generally
recognized as safe” (GRAS) materials)
x to be accepted by the governmental
agencies such as the European Food Safety
Authority (EFSA) or Food and Drug
Administration (FDA) in the USA
x to provide maximal protection of the active
material against environmental conditions
(oxygen, water vapour)
x to hold actives within capsules structure
during processing or storage under various
conditions

Table 1. Materials used to encapsulate bioactive food components
(adapted from de Vos et al., 2010)
Chemical classes (IUPAC)
Chemical compounds
Starch and derivatives (maltodextrins, syrups, dextrins, cyclodextrins)
Carbohydrates
Cellulose and derivatives (ethyl-, methyl-, hydroxipropil-, carboxymethyl- ...
cellulose)
Plant exudates and extracts (Arabic, gum karaya, Gum tragacanth, Mesquite
gum, pectins, guar, locust bean, tara)
Marine extracts (Alginate -brown seaweed, Carrageenan -red seaweed)
Microbial and animal polysaccharides (xanthan, gellan, dextran, chitosan)
Vegetable proteins (gluten, soy protein, zein, rice protein)
Proteins
Animal proteins (gelatine, milk proteins, whey proteins)
Lipids
Glycerides, fatty acids and fatty alcohols, phospholipids, waxes (beeswax,
carnauba wax, candelilla wax)
Other materials

Polyvinilpyrrolidone, polylactic acids and derivatives, shellac, paraffin,
inorganic materials

industrial application is more limited, but large
enough to satisfy the huge market request of
microcapsules. In order to protect from the
action of physicochemical and technological
agents, the food components are encapsulated
through different techniques such as: complex
coacervation,
ionotropic
external/internal
gelation, molecular inclusion, extrusion, freeze
drying, spray drying, spray chilling/cooling etc.
(Table 2) (Zuidam et al., 2010; Dima et al.,
2014b). Many of autors have reviewed the
preparation and application of microcapsules
for food products (Champagne and Fustier
2007; Augustin et al., 2009; Brownlie, 2007;

METHODS AND TECHNOLOGIES
Encapsulation research has an interdisciplinary
character based on knowledge from different
fields: colloids and surfaces, physical
chemistry, science of polymers, foods science,
biotechnology, and engineering sciences. The
success of microcapsules manufacture having
specific
properties
for
predetermined
application areas largely depends on choosing
the method of preparation and the coating
material. As a result of creative imagination,
today there are thousands of ways to make
encapsulation. Most of them are applied only in
the laboratory. The number of processes with
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Zuidam and Shimoni 2009; Dima, 2009;
Burgain et al., 2011).
Table 2 shows the methods of classification
and
techniques
of
microencapsulation

depending on the processes used to realize the
entrapment of bioactive components:

Table 2. Usual technologies used for microencapsulation of food ingredients
(adapted from Zuidam and Shimoni 2009; Burgain et al., 2011)
Methods

Technology

Types of
microcapsules
Reservoir

Particle size
(μm)
10-800

Reservoir
matrix

0.2-5,000

Salts,
bitter
hydrophilic
molecules
(proteins);
dietary fat, antioxidants (lycopene, ȕcarotene), vitamins (E), sterols, flavors;
enzymes, flavors, cells;

Matrix

200-5,000

Probiotics, minerals;

Matrix

10-1,000

Matrix

10-50

Probiotics, enzymes, salts,
vitamins;
Probiotics, enzymes;

Reservoir

0.5-20

Lipids, pesticides, cells;

Reservoir

150-8,000

Liposomes

Reservoir

0.2-1,000

Lipids,
essential
oils,
proteins,
confectionery products;
Fatty acids, enzymes, proteins, flavors,
vitamins, minerals, bacteriocins;

Encapsulation using Supercritical
Fluids:
Rapid Expansion of
Supercritical Solutions
(RESS)
Inclusion (cyclodextrins)

Matrix

5-400

Essential oils, lipids, vitamins;

Molecular
inclusion

0.001-0.01

Flavors, esential oils, vitamins;

Spray drying

Matrix

10-400

Probiotics, flavors, antioxidants, lipids,

Spray chilling/cooling

Matrix

20-200

Freeze drying

Matrix

20-5,000

Fluid bed coating

Reservoir

30-5,000

Extrusion

Matrix

50-2,000

Probiotics, enzymes, flavors, antioxidants,
vitamins;
Probiotics, lipids, vitamins,
flavors, cells;
Probiotics, solid particles: minerals, salts,
nutraceuticals;
Probiotics, flavors, proteins.

Complex coacervation

Chemical
and
physicchemical
processes

Mechanical
processes

Emulsification
W/O emulsions
O/W emulsions
W/O/W emulsions
O/A/O emulsions
Multilayers
microcapsules (L/B/L)
Ionotropic
external
gelation
(extrusion, droping)
Emulsification/ionotropic internal
gelation
Emulsification/enzymatic
gelation (rennet-gelation)
Emulsification/intefacial
polymerisation
Co-extrusion

and

Bioactive components encapsulated
Flavors, essential oils, drugs, antioxidants;

additional drag forces (coaxial flow,
electrostatic field) the small polymer beads are
obtained (down to 100 μm). The extrusion
technologies represent an adequate method for
encapsulation of living cells, because they do
not involve deleterious solvents and they can
be accomplished under both aerobic and
anaerobic conditions (Dima et al., 2014a).
The most common hydrocolloid used in order
to produce the probiotic microcapsules is
represented by alginate. Alginate is a linear
polymer of two uronic acids: ȕ-D-manuronic
acid and Į-L-guluronic, obtained by extraction
from brown algae. During gelation, the calcium
ions occupy the space between two alginate
polymer
chains,
and
the
strong

Emulsification/Extrusion
external
gelification method is the simplest method
used to produce the microspheres loaded with
food ingredients. The principle of this
technique is the external gelation of
hydrocolloids using different gelation agents
(calcium chloride solution for alginate,
potassium chloride for carrageenan and
tripolyphosphate for chitosan, transglutaminase
for caseinate). A suspension of bioactive
compond and hydrocolloid solution is extruded
through a needle to produce droplets that are
collected in a bath where gelation occurs
(ionotropic or thermal). The extrusion
technique produces the spherical polymer
beads, ranging from 2 to 3 mm diameter. Using
11

will be obtain a water-in-oil emulsion in which
the internal phase contains droplets of both
alginate and living cells (Figure 2). In order to
achieve the internal gelation, the acetic acid
(100 μL/100 mL, diluted in a small amount of
oil) is added into the formed emulsion. The
water-in-oil emulsion is destroyed by a CaCl2
solution (0.05M) and probiotic alginate beads
remain inside the aqueous phase. The alginate
beads are then separated from oil and washed
(Dima et al., 2014b).
During emulsification/internal gelation process,
a large number of parameters may influence the
characteristics of the microspheres, such as:
internal phase ratio, emulsifier concentration,
calcium/alginate molar ratio and alginate
concentration.

interchain binding results in a conformation
called the „egg-box” model. (Dima et al.,
2014a, 2014b).
The size of alginate beads depends on different
parameters, such as: the alginate structure, the
alginate and calcium concentration, the gelation
time, the needle diameter and finally the
distance between the outlet and the coagulation
solution.
Emulsification and internal ionic gelation
represents a chemical technique used to
encapsulate the food components in
microspheres with less than 100 μm.
The principle of this method is based on
emulsification of hydrocolloid (alginate),
calcium carbonate and probiotic cells aqueous
suspension into mineral or vegetable oil, in the
presence of lipophilic surfactant (Span 80). It

Vegetable oil,
Emulsifier

Calcium carbonate
Alginate solution,
Probiotic cells

Oil

Acetic acid

W/O
Oil emulsion

Extrusion
device

Internal
gelation
CaCl2 solution

Breaking
emulsion

Oil
CaCl2
solution

Cells
Chitosan
solution
Chitosan coating
alginat gel bed

Alginate gel bead

Figure 2. Schematic presentation of the microencapsulation
of probiotic cells by extrusion and emulsification/internal gelation

Spray-drying method represents one of the
oldest and the most widely used encapsulation
technique used in the food industrial area
(Augustin et al., 2009; Champagne et al.,
2007). In the beginning, this process was
applied to flavours in order to protect them
from degradation/oxidation and also to dry
solid suspensions, but it is presently also
applied to bioactive molecules and probiotics

(Bourgain et al., 2011).The method presents the
following advantages: it can be applied on
industrial scale, it is a fast high-yield, it is
applied
to
various
biocomponents
encapsulation, microcapsules are readily
dispersible in water.
The disadvantages of this method are: the
complexity of the equipment, the non-uniform
conditions in the drying chamber, the method is
12

limited to shell materials soluble or dispersible
in water, spray-dried capsules carry a lower
loading (20-30%).
Microencapsulation of food ingredients by
spray-drying method is done with great care,

following carefully: drying temperature, drying
time, type of atomization, shell materials,
storage conditions (Figure 3).

Figure 3. Schematic presentation of the spray-drying encapsulation technique (Dima et al., 2014a)

polyelectrolytes with opposite charges when
the conditions of reaction are changed. Proteins
and polysaccharides are the most commonly
used compounds for coacervation.
The
encapsulation
through
complex
coacervation of flavour compounds has a series
of advantages such as: it uses a simple
technology, it has an encapsulation efficiency
of over 90% and it does not use organic
solvents. The microcapsules obtained through
complex coacervation are stable at high
temperature and enable to controlled release of
components (Dima et al., 2014)
Inclusion in cyclodextrins of biomolecules is
an
elegant
encapsulation
method.
Cyclodextrins (CDs) are cyclic oligomers of ĮD-glucopyranose
produced
by
starch
degradation under the action of cyclodextrin
glucosyl transferase produced by Bacillus
macerans. The cyclodextrins are formed by the
link of six, seven and eight units of
glucopyranose, also known as Į-CDs, ȕ-CDs
and Ȗ-CDs (Figure 4). CDs have o hydrophobic
interior and hydrophilic exterior and can
include a great variety of apolar molecules in
hydrophobic cavity. In this case, a complex
called ”inclusion complex” is formed. In the
food, CDs have been widely used for

Spray freeze drying is a similar method to
spray drying. The difference is represented by
how the droplets produced by atomization are
strengthening. In freeze drying method the
droplets with probiotic cells in shell material
are frozen into the vapours of a cryogenic
liquid such as liquid nitrogen. Frozen droplets
are then dried in a freeze dryer (Dima, 2009;
Zuidan, 2010; Burgain et al., 2011).
The disadvantage of this method is the high
energy consumption which implies a much
higher price cost than spray drying method.
Fluid bed coating or spray coating method
represents an encapsulation technology that
utilises a spray process to deliver film material
to a core particle, and fluidizing air to circulate
materials. Fluid-bed technology is restricted to
solid core materials ranging from 30 μm to
several centimetres in diameter (Brownlie,
2007).
Solid microcapsules obtained by spray-drying
or freeze-drying are moved by the fluidizing air
and a liquid coating material is sprayed through
a nozzle over the core material in a hot
environment.
The complex coacervation is a phase
separation process that manifests at the
simultaneous
dissolution
of
two
13

stabilisation of flavours, vitamins and essential
oils, for elimination of undesired tastes, for the
protection of lipophilic food components, to

solubilise food colouring and vitamins etc.
(Dima, 2009).

Figure 4. Chemical structures of Į-CDs, ȕ-CD and Ȗ-CD
laboratory scale to industrial applications. Journal of
Food Engineering, 104: p. 467-483.
Champagne P.C., Fustier P., 2007. Microencapsulation
for the improved delivery of bioactive compounds
into foods. Current Opinion in Biotechnology 18: p.
184-190.
de Voss P., Faas M.M., Spasojevic M., Sikkema J., 2010.
Encapsulation for preservation of functionality and
targeted delivery of bioactive food components.
International of Dairy Journal 20: p. 292-302.
Dima St., 2009. Bazele microîncapsulării. In: Florea T.,
Dima St. and Costin G.M. [eds]. Microîncapsularea
pentru sisteme alimentare. Academica, Galati, p. 2105.
Dima St., Bahrim G., Iordăchescu G. 2014(a). Sources,
Productions and Microencapsulation. In Probiotics
and Prebiotics in Food, Nutrition and Health, edited
by Semih Otles, Ed. CRC Press, Taylor &Francis
Group, Boca Raton Fl., 33487-2742, SUA (2013), p.
25-49.
Dima C., Cotirlet M., Alexe P., Dima S., 2014(b).
Microencapsulation of essential oil of pimento
(Pimenta dioica (L) Merr.) by chitosan/k-carrageenan
complex coacervation method. Innovative Food
Science
and
Emerging
Technologies,
http://dx.doi.org/10.1016/j.ifset.2013.12.020.
Thies C., 2004. Microencapsulation: what it is and
purpose. In: Vilstrup P. [ed]. Microencapsulation of
Food Ingredients. Leatherhead International Limited.
UK. p. 1-30.
Zuidam J.N. and Shimoni E., 2009. Overview of
Microencapsulation for Use in Food Product or
Processes and Methods to Make Them. In: Zuidam
N.J. and Nedoviü V.A. [eds]. Encapsulation
Technologies for Active Food Ingredients and Food
Processing. Springer: Dordrecht, The Netherlands, p.
3-30.

CONCLUSIONS
In the last years more and more consumers
prefer foods that provide various benefits for
their health status. The use of bioactive food
components encapsulated offers processors the
opportunity to improve the nutritional and
health qualities of their food products.
Microencapsulation allows the protection of a
wide range of food components, from small
molecules (salts, oils, vitamins, flavours,
colorants) and protein (enzymes, hormones) to
probiotic bacteria.
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Abstract
According to the FAO statistics and reports (2013) in the next 30 years the world's urban population will double and
more than 60% of it will live in cities. Appropriate measures will be needed to ensure food and one of the key measures
that address these changes is the development of policies, strategies, techniques and appropriate support mechanisms
for sustainable management system for urban agriculture/horticulture, including permaculture.In this context, it was
realized multidisciplinary research at UASVM of Bucharest and based on the results obtained were recommended
varieties Deea, Elita 124 and Roxia from the species Ribes nigrum L. (black currant), Rolan, Jh. Van Tets from the
species Ribes rubrum L. (red currant), V2 biotype from species Lycium barbarum L. (wolfberry) and Rares, Valeria,
Carmela, Viorica, Bucovina, Ilinca from species Prunus armeniaca L. (apricot) that can be grown in urban and
suburban gardens.Making them suitable for the characteristics of these varieties and biotypes are referring to:
earliness of fruiting, production obtained in ecological conditions, low to medium volume of shrubs and trees, plant
density per unit area, self compatibility in a high proportion of gametes and quality and organoleptic characteristics,
biochemical and sanogene of fruits.Among the biochemical and sanogene characteristics, dry matter levels were high
(15% blueberry,17% wolfberry and 22% apricot), vitamin C (24 mg/100 g in apricot, 60 mg/100 g wolfberry),
flavonoids (1.12 mm rutin/ml currant), polyphenols (200 mg galic acid/100 g wolfberry), antioxidant capacity (48 RA%
in wolfberries).
Keywords: Lycium barbarum L., permaculture, Prunus armeniaca L., Ribes sp., urban agriculture.

of certain strategies through which food supply
may be assured and of a distribution system
which can match up to the levels of the urban
food insecurity. Apart from the growing food
demand, the existence and spreading of
poverty,
unemployment,
famine
and
malnutrition throughout the globe are problems
of great interest to the central and municipal
authorities.
This being the given reality, urban agriculture
and horticulture (UPA/UPH) have become a
key component for the survival strategies of the
poor section of the urban population, while also
representing an important contribution to the
fresh products’ supply chain.
In this context, FAO - The Food and
Agriculture Organization of the United Nations
has defined urban agriculture as being an

INTRODUCTION
Ɣ The role of urban agriculture role in reestablishing some ecological, social,
economic, sustainable interrelations.
In the next 30 years, the world’s population
will be twice as big as it is in the present which
implies the fact that the number of poor people
within urban regions will also go up. The
inflation of the urban population is more
noticeable in developed countries as a
consequence of the rural population’s migration
towards cities in search of food, employment
and security. This changes have an accelerated
trend, thus in the year 2030, 60% of the
population is expected to live in the cities. This
rapid urbanisation and the harsh reality of
poverty have called out for the implementation
15

Centre for International Development), ISHS
(International Society for Horticultural
Science) and GHI (Global Horticulture
Initiative).
At the same time, urban agriculture is a way of
cutting down on carbon dioxide emissions
through limiting the shipments to the
consumers and through expanding cultivated
areas, improving biodiversity and applying
organic
cultivation
techniques.
Urban
agriculture/horticulture
can
substantially
contribute to reducing chemical pollution and
noise levels and to decreasing the number of
people with diabetes and arthrosclerosis by
increasing their fruit and vegetable intake.
The following cities and metropolises can be
considered as models for developing urban
agriculture: Havana - Cuba, Mumbai - India,
Beijing - China, New York City Pomona
Valley - California and Todmorden - UK.
Ɣ Permaculture, a revolutionregardingthe
permanent ecosystems’ design
Permaculture is a branch within ecological
design or within environmental engineering and
design, which promotes sustainable architecture
and keeps shaping the agricultural system to the
likes of the natural ecosystem.
Permaculture deals with environmental design
so as that it can be self-sustaining, according to
ecological and biological principles, using
mostly models which occur in nature.
Ecological design is defined by Sim Van der
Ryn, professor at Berkeley University
California and with Stuard Cowan, 2007 as a
form of design that reduces the environmental
impact to a minimum by integrating itself in
life’s processes.
In his book “Ecological Design, Tenth
Anniversary Edition”, edited in 2007, Sim Van
der Ryn and Stuard Cowan summarize the
principles of environmental design which now
are being applied by more and more followers.
These principles are: 1. The selection of plants
and animals is done according to the place
where they are bred; 2. Environmental
management is a source of information for
environmental design; 3. The design is done
together and in accordance with nature; 4.
Everyone is a ecological designer; 5. Making
nature more visible to us.
Permaculture is the philosophy of working with
nature, rather than against it, through its

industry which produces, processes and
develops the food and fuel markets as a
response to the daily needs of consumers from
cities or metropolises, on land or on water,
along urban and suburban regions applying
intensive production methods, using and
reusing natural resources and urban waste in
order to produce diverse crops and animal
husbandry.
Urban agriculture and horticulture represent an
employment and income source and have an
outstanding potential to enrich the nutrition of
disadvantaged people from urban areas.
Nowadays we are witnessing profound changes
and the key to these changes is that of
developing policies, strategies, techniques and
support mechanisms which are adequate for the
sustainable
management
of
urban
agriculture/horticulture. This fits into a larger
picture regarding production, marketing,
environmental and marketing planning of water
supplies, rational water consumption and food
security.
Creating and applying research strategies
within the ample project of supplying food for
cities asks for multidisciplinary and multiinstitutional activities. Within these activities
FAO (The Food and Agriculture Organization
of the United Nations) has an active role
through the: - development and implementation
of food security Programmes; - collaboration
with decision makers in order to strengthen the
support capacities for developing strategies for
urban and suburban agriculture; - organizing of
regional workshops, such as those in Asia and
South Africa, which are supported by
developed countries like Norway and Belgium;
- interaction with endorsing communities in
order to raise funds for the consolidation of
some of the countries’ initiatives and for the
implementation of some short and mediumterm
projects
regarding
urban
agriculture/horticulture (UPA/UPH).
The multidisciplinary nature of the research,
production, planning and marketing activities,
in order to supply food for the cities through
UPA/UPH, has made it necessary for FAO to
build partnerships with other organisations
which are working in this same field. Such
partnerships are the FAO/WHO “Global Fruit
and Vegetables for Health Initiative”, IGRH,
RUAF, CIRAD (French Agricultural Research
16

health, towards tradition and the ethics of
agriculture and towards Creation as a whole.
Ɣ The varieties and biotypes of healthpromoting species seen as a link between
the sustainable agriculture’s elements and
those of permaculture
Creating or studying cultivars of different plant
species with health-promoting properties which
can fit within the permanent agriculture design
is a concern that substantially contributes to the
practical creation of a sustainable system.
There are people (like for example the
population of Kerala, southern India or the
chagga population in Tanzania) in many
regions of the world who take their food from
gardens with similar structures to those of
natural forests. Trees and fruit trees,
grapevines, shrubs, herbs and vegetables all
grow together like in the woods. This type of
structure, known as stratification within
permaculture, allows gardens to be efficient
due to the fact that several crops are
simultaneously cultivated within the same
space. These gardens offer the people all the
food, most of the medicine and vegetable fibres
they need, the opportunity of selling something
and all from just a relatively small patch of
land.
Nowadays, after huge territories covered with
commercial orchards have disappeared and
fruit “are growing” in supermarkets, urban
agriculture, including urban horticulture and
permaculture can be an alternative solution to
supplying adults and their descendants with
natural fruit.
Within this context, several interdisciplinary
researches have been initiated by UASVM of
Bucharest. Their main aim is finding the agrobiological and health-promoting properties and
recommending certain varieties belonging to
the Ribes nigrum L. (black currant), Ribes
rubrum L. (red currant), Prunus armeniaca L.
(apricot) species and certain biotypes from the
Lycium barbarum L. (goji) species for being
cultivated in urban and peri-urban gardens.
Those characteristics which can make these
varieties and biotypes suitable are: fruiting
precocity, yield that has been obtained in
organic conditions, the small or medium
volumes of the shrubs and trees, the high
density of plants per area unit, the high rates for
the self-compatibility of gametes and the

prolonged and thoughtful observation and not
necessarily the philosophy of reckless and
drawn-out work. This view awakens man’s
capacity to study plants and animals in all the
complexity of their functions, which is more
efficient than treating each field as a singular
productive system (Mollison, 1988).
Although Joseph Russell Smith is the first to
have written about permanent agricultural
systems in his book called “Tree crops”,
published in 1929, Bruce Charles “Bill”
Mollison (born in 1928 in Stanley, Tasmania,
Australia) biologist, researcher and professor at
the “The Permaculture Institute in Tasmania”
which he has founded, is considered to be the
father of permaculture. Under his guidance,
other renowned permaculture specialists such
as David Holmgren and April Sampson-Kelly
have been formed. David Holmgren was a
close collaborator of Bill Mollison’s in issues
regarding agriculture, horticulture, ecology,
economic systems, strategies for developing
businesses and communities in accordance with
these areas. As a result of their collaboration,
they wrote a book called “Permaculture One”
(1978). It should be noted that April SampsonKelly created the first on-line system called:
“Permaculture visions Online Institute” in 1993
which was based on Bill Mollison’s vision and
which taught thousands of trainers how to grow
food using the Permaculture methods.
The ethical principles of permaculture are
illustrated in three main directions in Bill
Mollison and David Holmgren’s book
“Permaculture One” from the year 1978. These
are: Caring for Earth so as that the live systems
can survive and continue to proliferate; Caring
for people meaning that they should have
access to all the resources they need in order to
live; Fair Share and limiting resource
consumption regarding the limitation of
individual needs which can, in turn, allow the
use of resources for following the other two
directions. Also, limiting needs will create a
surplus which can then be shared with other
people from the community.
Permaculture is a real revolution and it can start
in any of the urban or rural gardens. This
revolution brings changes to the way we apply
positive thinking in regard to our respect
towards Earth, towards the biological comfort
of plants, animals and humans, towards their
17

organoleptic, biochemical
qualities of the fruit.

and

are hot, even torrid, with frequent draught
episodes and winters are cold, with large snow
falls, especially in the northern part of the
capital. Springs are short, with ample
temperature fluctuations from one month to the
other and with notable day-night variations.
Autumns are characterised by thermal
moderation as they ensure a slow transition
towards the cold season. The number of days
without frost spanning between 178 and 205
and the vegetation period which is around 245
days, are usually favourable conditions for
cultivating cereals, different fruit tree species –
including those we have taken into study,
vegetables and ornamental species. Annual
precipitation ranges from 550 to 600 mm, with
a peak in the May-July interval. Showers and
heavy rains are frequent. Dominant circulation
of air is from the east and northeast in winter
and from the west in the rest of the year. The
maximum wind speed is 3.5-4 m/sec. The
native vegetation of this plain consists of
deciduous forests with Quercina species,
remains of the Vlăsiei Woods and with tree
steppe meadows. From a pedological point of
view, the predominant soil class is that of the
red preluvosoils which have a clayish texture, a
6.2 pH and a humus content between 2.17%
and 2.6%.
ƔBiological materials and methods employed
The following cultivars Elite, Rolan, Jonkheer
van Tets, Tatran, Detvan from Ribes rubrum L.
(red currant) species; Tinker, Deea, Roxia, Elita
124, Abanos, Ksvana from the Ribes nigrum L.
(black currant) species; biotypes V1 and V2
from Lycium barbarum L. (goji) species and
the cultivars Rareú, Valeria, Carmela, Viorica,
Dacia, Bucovina, Ilinca from the Prunus
armeniaca L. (apricot) species were studied.
The research methods that were employed had
an interdisciplinary character, being the result
of the collaboration between academics,
researchers, Bachelor of Science graduates and
PhD candidates. In order to emphasise the
agro-biological
and
technological
characteristics,
standardised
methods
elaborated by the Research Institute for Fruit
Growing Maracineni were used for the
comparison study between cultivars.
Fruit quality has been emphasised taking into
account the present views regarding quality and
advanced methods through which issues such

sanogene

MATERIALS AND METHODS
Ɣ The natural conditions and institutional
framework of the conducted research
The Ribes nigrum L. (black currant), Ribes
rubrum L. (red currant), Prunus armeniaca L.
(apricot) species and the biotypes from the
Lycium barbarum L. (goji) species on which
the present research has been focused, were
planted in the experimental field within the
UASVM biobase in Bucharest. The
representative profile has the following
geographical
coordinates
44°28'10.14"N
(latitudinal) and 26° 4'4.82"E (longitudinal).
Bucharest City is situated in Vlăsiei Plain, the
middle section of the Romanian Plain which is
bordered by the Titu-Gherghita Plain in the
north, by the Bărăganul Mostiútei Plain (also
known as Southern Bărăgan) in the east and
south-east, by the Ialomi܊a River in the
northwest and by the lower valley of the Arge܈
in the west and southwest. This is a typical
tubular plain, with wide and flat interfluves.
The foundation consists of Proterozoic
crystalline deposits belonging to the Vlach
Platform. On top of these, there are
sedimentary deposits of Paleozoic and
Mesozoic age, topped by Quaternary surface
materials represented by 2 to 12 m thick layers
of loess on which numerous coves have formed
through compacting and suffusion processes.
Bucharest’s Plain, a component of the Vlăsiei
Plain, has an altitude of 100-115 m, in the
north-western part and of 50-60 m, in the
south-east where the Dâmbovi܊ei meadow is.
The city itself is between 58 m and 90 m high
and the Băneasa Field (otherwise known as
Otopeni) is 90-95 m high, being situated north
of the Colentinei Vally. Most of the landscape
is that of a smooth plain.
The climatic characteristics of the experimental
field are those of a temperate-continental
region, defined by slight thermal excesses
which tend to occur due to the high number of
constructions, car traffic and industrial
activities in this urban area. So, while at the
outskirts of the city, the annual average
temperature is 10.5°C, at the centre the average
value is 12°C. In normal years, the summers
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as: quality, authenticity, the homogeneity of the
biological material, standardisation of reagents,
quality parameters through which cultivars are
evaluated in European countries (for example:
titratable acidity (TA); soluble substance
content (SSC) determined using a portable
refractometer (Optech, Brix 0-12% ATC); the
quantification of bioactive compounds where
we can include the ascorbic acid which has
been spectrophotometricaly determined by
measuring the absorbance in the visible light
field; malic acid, citric acid and sugars
determined using liquid chromatography;
polyphenols determined spectrophotometricaly
in the 705 nm visible domain, using the Folin
Ciocâlteu method; total flavonoids content
determined
spectrophotometricaly
by
measuring the absorbance; total antioxidant
capacity determined using the indirect
spectrophotometrical method, measuring the
absorbance at 515 nm wave length), have all
been considered (Stoica et al., 2013).
The significance of the differences between
biotypes and cultivars were determined using
the unifactorial analysis of variance (ANOVA).
The cultivars which were best adapted to the
studied region and which met the urban
agriculture/horticulture
and
permaculture
requirements were chosen by summing up their
analysed positive characteristics, which have
been statistically tested.

fauna, applying technologies with minimal
energy consumption, mixing different cultivars
and plant species in order to achieve balance in
their given ecosystem and the organoleptic and
sanogene quality of fruit.
Ɣ The vigour of the shrubs and trees
belonging to the studied cultivars and
biotypes
By analysing the synthetic indicator “plant
volume” different aspects regarding plant
growth and development can be observed. This
index has been determined based on the
measurements carried out on plants in their
“growth and development” growth phase of
their ontological cycle, in their “dormant” state
and before undergoing the fructification
pruning (Cociu and Oprea, 1989; Dejampour
and Zeinalabedim, 2006; Bălan, 2008).
The elements on which the plants’ volumes
were determined were the characteristics of the
geometric shape that resulted from the plants’
growth (the projections of the two diameters of
the goji, black and red currant shrubs on
directions parallel and perpendicular to the row
on which they were planted and the height of
the apricot treetops and their two diameters).
Next, the mathematical formulas, which
corresponded to the plants’ geometrical shapes,
were applied (Tudor, 2010; Manole, 2013;
Mencinicopschi, 2013).
The cultivars and biotypes that have been
studied were found to fit into two groups:
plants with a small volume, and plants that had
a medium volume. The plants with a small
volume were those from: the V1 goji biotype
(0.37 m3), the Tatran red currant cultivar (0.03
m3), the Roxia black currant cultivar (0.09 m3)
and the two apricot cultivars Valeria (1.7 m3)
and Rareú (2.0 m3). Medium volume plants
were those belonging to: the V2 goji biotype
(1.34 m3), the Elite (0.08 m3), Rolan (0.08 m3)
and Jonkheer van Tets (0.18 m3) red currant
cultivars and the Carmela (2.8 m3), Viorica
(2.6 m3), Bucovina (3.2 m3), Ilinca (3.8 m3) and
Dacia (2.3 m3) apricot cultivars.
Ɣ Planting distances, nutrition area and
density within an area unit of the studied
shrubs and fruit trees.
The ground prints of the two diameters used to
calculate the plants’ volumes are also useful in
determining the optimal planting distances.
Planting distances take into consideration the

RESULTS AND DISCUSSIONS
ƔAgro-biological
and
technological
characteristics of the cultivars and biotypes
belonging to the Ribes rubrum L., Ribes
nigrum L., Lycium barbarum L. and Prunus
armeniaca L. species.
The limitation of the surfaces destined for
urban
agriculture/horticulture
and
permaculture, imposes a series of restrictions
regarding the characteristics of the cultivated
plants, in general, and more specifically of the
studied species. These restrictions are: the
reduced vigour of fruit tree and shrubs species;
a balanced ratio between shoots, vegetative
branches and fruit-bearing branches which
contribute to an earlier fruit yield, constant
economical yields each year, a good
adaptability to the biotic and abiotic conditions
of the area, resistance to pathogens’ attacks,
promoting the entomofauna and the helpful
19

through composting and fertilizing plants with
the resulting compost.
Ɣ Fruiting precocity and yield levels of the
studied cultivars and biotypes
Our research has revealed that the varieties and
biotypes that have been studied carry the
ability, within their genetic baggage, to enter
the fruiting phase early, namely, for currant
species in the second year, for goji in the first
year and for apricot in the third year after
planting; economic yields are obtained starting
with the third year for currant species, with the
second year for goji biotypes and with the
fourth year for the apricot cultivars. Production
levels reach a maximum during the balanced
period situated between the growth and
development and biological maturity cycles,
and decrease during the aging stage, which sets
in after the tenth year for the currant and goji
species and after fifteen years for the apricot
varieties. The Ribes rubrum L. cultivars that
displayed notable yields were: Elite (194.38
g/plant and 863.91 kg/ha), Rolan (164.18
g/plant and 733.24 kg/ha) and Jonkheer van
Tets (140.36 g/plant and 623.82 kg/ha). Within
the Ribes nigrum L. species, the following
varieties stood out: Deea (403.64 g/plant and
1,793.95 kg/ha), Roxia (268.29 g/plant and
1,192.40 kg/ha), Elita 124 (228.69 g/plant and
1,016.25 kg/ha) (Table 1). The average yield
per plant and per hectare for biotype V1 of the
Lycium barbarum L. species was slightly
higher than that of biotype V2, namely 88.33
g/plant in the first year after planting,
increasing to 545.49 g/plant in the third year of
planting (Table 2). For the apricot species, fruit
yields mainly vary according to cultivar, biotic
and abiotic factors as well as negative
temperatures that may occur after the flowering
buds have broken dormancy or during
flowering, fruiting and fruit development
phases. During the biological maturity stage,
the average yield for the studied cultivars was
10-13 t/ha, yet in years with climatic accidents
such as 2004 or 2010, production only reached
2-3 t/ha. Slightly higher yields have Viorica
and Carmela cultivars, belonging to the early
varieties category (June 20 - 25), for the Dacia
cultivar, belonging to the semi-early varieties
category (June 28-July 5) and for the Bucovina
and Ilinca cultivars which followed closely
(Table 3).

“care for Earth”, especially in urban agriculture
where the plots of land are small anyway.
These distances are 0.8 m x 0.8 m for the red
currant cultivars, meaning a nutrition area of
about 0.64 m2 for each plant and a density of
15,625 plants/ha, or for smaller surfaces: 1,536
plants/1000 m2, 156 plants/100 m2, 16
plants/10 m2. For the V2 goji biotype, the
planting distance is 2 x 2 m, meaning 4 m2 of
nutritional area and plant density is 2,500
plants/ha, 250 plants/100 m2, 25 plants/10 m2.
Regarding the apricot, 4 x 3.5 m planting
distances are indicated for varieties with low
vigour, meaning a 14 m2 nutrition area and a
density of 714 plants/ha, 71 plants/1000 m2 and
7 plants/10 m2. Apricot varieties with average
vigour have a recommended planting distance
of 4 x 4 m, where each plant has a nutrition
area of 16 m2 and the plant density is 625
plants/ha, 63 plants/1000 m2 and 6 plants/10 m2
(Figure 1).

Figure 1. Apricot orchard with fallow band

Ɣ Technological sequences applied with a
minimum energy input
The applied technological sequences model
with minimum energy inputs and good results
for the comparative study between biotypes and
varieties of the black and redcurrant, apricot
and goji species, refers to: the maintenance off
allowed and mowed strips between the rows of
shrubs and trees; mulching the rows with grass
resulted from mowing; not applying phytosanitary treatments for the currants and goji
shrubs and employing physical and mechanical
plant protection measures while using an
integrated system of treatments in the key
stages of the apricot varieties’ development,
namely the: winter rest, budding, floral button,
falling of petals, 2 cm in diameter fruit, postharvest and falling of leaves phases; recycling
the leaves, bunches, shoots and thin branches
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and Cheliturea acantopigia from the
Dermaptera order and of Adalia bipunctata L.,
Coccinella
septempunctata
L.,
Adonia
variegate (Goeze) and Propylea 14 punctata L.
from the Coccinelidae order.
Ɣ Biophysical, biochemical and healthpromoting qualities of the fruit belonging to
the Ribes rubrum L., Ribes nigrum L. and
Prunus armeniaca L. cultivars and to the
Lycium barbarum L. biotypes
The size and weight of fruit, the content of dry
substance, sugars, organic acids, phenols,
flavonoids and also the antioxidant capacity
were all basic criteria for the analysis of the
currant and apricot cultivars and of the goji
biotypes.
The goji biotypes, grown in Bucharest’s area,
have displayed levels of the fruit quality
characteristics which confirm the data found in
specialty literature. Although both biotypes are
valuable in terms of biophysical, biochemical
and health promoting characteristics, V2 has
higher levels of soluble dry substance (DM% =
17.3), ascorbic acid (59.9 mg/100 g), total
sugars (58.9 mg/ml) and total polyphenols (200
mg galic acid/100 g) and also a higher
antioxidant capacity (AR 45%) (Table 4).

The V2 biotype showed no distinguishing mark
pest orpathogen’s attack, during the three years
of study. The V1 biotype was vulnerable to both
powdery mildew, which was seen on the leaves
of the shrubs with an attack rate of 54%, and to
the Aceria kuko gall mite’s attack, the degree
of attack being 41%. The mite is specific to
Lycium species and probably came with the
biological material, although it was not
observed at planting. However, it should be
noted that neither fruit quantity nor quality
were negatively affected.
Within the apricot plants’ biocenosis, which
was observed for more than seven years, none
of the studied cultivars had a notable attack rate
from the major pathogens which could cause
great damage, such as Monilinia laxa (Aderh et
Ruhl), Stigmina carpophilla (Lev) M. B. Ellis
and Cytospora cincta Sacc. There were no
reported signs of any virus attacks, especially
that of the Plum-pox.
Pest monitoring and mainly that of the Cydia
molesta fruit worm, achieved by installing
pheromone traps, has revealed a damage rate of
only 1% (PhD. Constantina Chireceanu).
Within the entomophagous population, there
was agreater density of Forficula auricularia L.

Table 4. Quality characteristics of fruit at the “harvest maturity” ripening phase, for the Lycium barbarum L. biotypes
Biotype

Avg. fruit weight (g)

DM%

Ascorbic acid
mg/100g

Total sugars
mg/ml

V1
V2

0.35
0.40

15.9
17.3

31.6
59.9

32.5
58.9

Within Ribes rubrum L. species, the Tatran
variety came out first considering the fruit size
(3.27 g), high levels of flavonoids (1.12
mMrutin/ml),
of
polyphenols
(5.77
mMGAB/ml), of sucrose (23.94%), the rate of
antiradical activity (88%) and consequently the
antioxidant
capacity.
High
levels
of
polyphenols and antiradical activity are also
present in the Elite and Jh.van Tets varieties
(Table 5). The cultivars belonging to the Ribes
nigrum L.species have larger fruit and higher
values of biochemical and health-promoting
characteristics, compared to the Ribes rubrum
L.varieties. Fruit weight varied between 4.27 g
(Abanos) and 5.91 g (Tinker); dry substance
matter (DM%) varied between 14.66 (Tinker)
and 17.36 (Abanos); polyphenols varied

Total polyphenols
mg galic acid /100
g
100
200

Antioxidant capacity(AR) %
30
45

between 7.06 mMGAB/ml (Roxia) and 8.06
mmGAB/ml (Elite); flavonoids varied from
0.93 mMrutin/mlto 1.37 mMrutin/mland the
antiradical activity varied from 64.2% (Elite
124) to 63.2% (Deea) (Figures 3 and 4).
The fruit quality of the Prunus armeniaca L.
varieties was assessed based on their ripening
stage. The largest fruit were those of Viorica
(93.6 g), Carmela (89.6 g) and Ilinca (80.6 g)
varieties. The levels of the fruit’s biophysical
and biochemical characteristics were high for
all varieties of apricot. The DM% ranged from
15.4 to 21.3%, ascorbic acid was between13.8
and 21 mg/100 g, malic acid varied between
1.14 and 1.83 g% and the fruit’s stone ratio
ranged from 3.5 to 4.2% (Table 6).
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Table 5. Fruit quality characteristics of the Ribes rubrum L. and Ribe snigrum L. cultivars
Ribes rubrum L.

Ribes nigrum L.

Species and cultivar
Avg. fruit weight (g)
DM%
Flavonoids mMrutin/ml
Total polyphenols
mM GAB/ml.
Antiradica lactivity %
Sugars %

Elite

Rolan

Tatran

Jh.vanTets

Deea

2.65
10.8
0.76

2.42
12.9
0.33

3.27
10.4
1.12

2.86
11.5
0.92

5.30
15.1
1.37

Elita
124
5.23
16.3
1.02

4.44

1.99

5.77

3.70

8.06

71.13
28.6

29.33
19,.5

88.28
23.94

48.32
-

83.7
12.86

Figure 3. Elite variety (Ribes rubrum L.)

Roxia

Abanos

Tinker

5.38
14.9
1.24

4.27
17.36
1.11

5.91
14.66
0.93

6.66

7.06

4.33

6.21

64.2
26

83.02
1.19

76.25
12.57

72.2
24.16

Figure 4. Thinker variety (Ribes nigrum L.)

Table 6. Fruit quality characteristics of the Prunus armeniaca L. cultivars (3 year average)
Cultivar
Rareú
Valeria
Carmela
Viorica
Dacia
Bucovina
Avg. fruit weight (g)
56.3
60.7
89.6
93.6
78
78.6
Stone ratio (%)
3.5
3,6
4.0
4.1
3.7
4.2
DM%
17.2
15.4
20.4
21.3
18.4
18.2
Ascorbic acid mg/100 g
16
14.2
21
16.6
18.3
17.2
Malic acid g%
1.25
1.25
1.43
1.39
1.14
1.42

Ɣ The fruiting stages of the Ribes rubrum L.,
Ribes nigrum L., Lycium barbarum L. and
Prunus armeniaca L. species
This stage lasts very much for the goji biotypes,
between 15th of June and 30th of November. For
the apricot cultivars it is between 15th of June
and 5th of August. For the red and black currant
cultivars, this stage lasts from 10th to 30th of
July.

Ilinca
80.6
4
18.2
13.8
1.83

and Roxia of the Ribes nigrum L. species (black
currant), Rolan, Jh. van Tets of the Ribes
rubrum L. species (red currant), the V2 biotype
of Lycium barbarum L. species (goji) and
Rares, Valeria, Carmela, Viorica, Bucovina,
Ilinca of the Prunus armeniaca L. species
(apricot) should be cultivated in urban and
periurban gardens.
The main qualities of the recommended
varieties and biotypes refer to the: early
fruiting, cost-effective out put produced in an
environmental friendly, low or medium volume
of shrubs and trees, plant density per area unit,
high rates of gametes self-compatibility and the

CONCLUSIONS
Based on the observed results it is
recommended that varieties: Deea, Elita 124
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Operational Programme Human Resources
Development 2007-2013.

organoleptic,
biochemical
and
healthpromoting fruit characteristics.
Among the biochemical and health promoting
characteristics, there were high levels of: dry
substance (15% - currants, 17% - goji and 22%
- apricot), vitamin C (e.g. 24 mg/100 g apricots, 60 mg/100 g - goji), flavonoids (e.g.
1.12 mMrutin/ml - currants), polyphenols (e.g.
200 mg. galic acid/100 g - goji) and antioxidant
capacity (48 RA % in goji).
The presence of entomophagous species, their
diversity, abundance and conservation, as well
as the presence of useful fauna, especially
birds, in the studied biocenosis of the currant,
apricot and goji species, were promoted by the
integrated management practices which left the
trophic relationships unaltered within the agroecosystems where these plant species now
belong.
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Abstract
Many problems of water resource management are strongly related to their spatial distribution and due to a use that is
usually uncontrolled, such as water withdrawals. For these reasons, web procedures have been developed in order to
manage spatial data of interest and to analyse information on water resources, so that this tool can be widely used and
shared freely and easily by all stakeholders.
A prototype of this instrument is the web tool "Water Resources Management and Evaluation" (WRME). The main
features of this project can be summarized as follows:
 is easy to use, both for the database like and the map-based consultation;
 uses synthetic indicators simplifying the hydrological and hydraulic information;
 integrates tools for the update and the exchange of data between different databases of different stakeholders;
 integrates the possibility to implement and update, in a distributed manner over the basin and the drainage
network, all constraints arising from the different legislations and management plans;
 provides synthetic information on the sustainability of scenarios;
 provides synthetic information on the sustainability of new water withdrawals;
 software is open source, therefore economic resources can be invested on training and development.
The methodology of this project can also be applied in other areas of sustainable management of environmental
resources.
Keywords: WEB, GIS, open source, sustainable water resources management, environment.

GIS, Web-GIS, Spatial Decision Support
System, opens new frontiers for the study of
tools towards an integrated and cooperative
management of natural resources and the
environment. These tools allow all stakeholders
(administrators, managers, users, professionals)
involved in the management of the resources to
monitor and share all decision processes for
large and complex systems. The purpose of this
method is to develop a proactive approach to
critical events in water resources management,
instead of a reactive management of emergency
and disasters (Andreu et al., 2006).
The necessity of sharing and discussing not
only the results produced by models, but also
the entire computational process from data and
information down to the techno-decisional
parameters adopted to run the simulations,
makes the approach to these problems more

INTRODUCTION
The issues concerning water resources
management of a basin are always very
complex because of conflicts between uses, the
two-sided issue of quantity and quality,
together with the evolution and growth of the
concerns for the environment. All these issues
have been faced with modelling tools that,
through simulation processes, aim towards the
optimization of water resources management of
complex systems (Simonovic, 2000; Preziosi et
al., 2013; Narsimlu et al., 2013). However,
these tools may be partly ineffective due to
socio-political conflicts (Akhbari and Grigg,
2013; Gunasekara et al., 2014) and different
socio-economic scenarios (Biswas, 2004).
The development of computer systems, with
applications supported by new technologies,
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and more complex, especially
e
because
b
all the
technical and scien
ntific aspeects must be
provided inn a way thaat is also eaasily accesssible
to the manyy different professiona
p
al categoriess. In
any case, a big help co
omes from the
t adoptionn of
the latest informatiion and communicat
c
tion
technologies (ICT).
Tools and standard
ds such as WEB-G
GIS
technologyy, the Web
W
Processsing Servvice
(WPS), W
Web Map Service (WMS),
(
W
Web
Feature Seervice (WFS
S), Web Coverage Servvice
(WCS), aand generaally all thee INTERN
NET
network, can provide a solid basee on which it is
he modellling
possible to integraate all th
methodoloogies and simulation proceduures
already deeveloped in
n tradition
nal informaatics
(Martin et al., 2005; Sridhar
S
et al.,
a 2011; O
Open
Geospatiall Consortium
m - OGC).
The “Waater Resou
urce Man
nagement and
Evaluationn” projectt (WRME
E) has bbeen
developed aiming towards th
his goals, in
fication and quickeningg of
particular tthe simplifi
decisional processes, offering to
o the differrent
stakeholdeers a single database and
a a seriess of
shared geooprocessing tools, proviided in form
m of
Decision S
Support Systtem (DSS).
The protottype set up for the Tib
ber River baasin
s of
has highligghted the op
perational effectivenes
e
this approach, becau
use some elaborations on
hydrologiccal data and
d water witthdrawals hhave
shown how
w fundamen
ntal it is a single
s
databbase
at basin leevel, so thaat the resultts achievedd by
different m
models or more
m
stakeh
holders cann be
compared.

MA
ATERIALS
S AND ME
ETHODS
A DSS for water
w
resourrces management in a
con
ntext of mu
ultiple uses is primarilly designed
d
to provide stakeholder
s
rs with a range off
formation in
n order to faacilitate the process forr
info
action plannin
ng, and to foster com
mmunication
n
bettween all th
hose concernned. WRME
E system iss
an integrated DSS thatt is not ju
ust a meree
plaatform to exchangee informaation and
d
asssessments, but
b is an innstrument for
f conflictt
resolution, in
n the maanagement of waterr
resources, and
d consensuus reaching among alll
parrticipants in
n the decisioonal processses. So thee
“to
op-down” ap
pproach hass been replaaced with a
“bo
ottom-up” approach,
a
w
where all sttakeholderss
can
n be decision-maker.
Forr this reason, the developmen
nt of thiss
inteegrated tool do nott only co
oncern thee
hyd
drological aspects
a
of w
water manag
gement, butt
also
o technollogical asspects. In fact, a
con
nsiderable effort inn adapting
g existing
g
technologies and
a develooping new capabilitiess
hass been required, especiially in the integration
n
of modelling engines in a single GIIS platform
m
avaailable on th
he WEB.
Thee informatic structure of WRME
E system iss
sch
hematically shown in F
Figure 1, with
w a three-server architeecture deddicated to the main
n
services (WEB
B-GIS, DBM
M, Modellin
ng).

Figu
ure 1. Overalll architecture of
o WRME sysstem
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graphical, according to the typology of the data
and the kind of analysis concerned.
The numerical procedures are aimed towards
the definition of various hydrological indexes
for defining the base flow value and low-flow,
in order to be able to correctly assess the water
resources and/or the available amount in a
section of a network either in order to issue or
renew a withdrawal license or to study the state
of the watercourse.
These flow values can be clearly identified
indirectly by the Base Flow Index (Casadei,
1995; Piggott et al., 2005) and more directly
from Qn,m (minimum average flow of n
consecutive days with return period of m years)
(Singh and Stall, 1974), the latter case is very
well known and used in different basins as
Q7,10. Besides these indices, the theory of flow
duration curve (FDC) has been developed
(Gustard et al., 1992; Smakhtin, 2001), in order
to evaluate the water resources available for
dissipative use or no dissipative use (Casadei
and Manciola, 1995).
The graphical procedure can be very
operatively useful to point out all the
information of a single watershed. In this case a
graphical interrogation of the map by means of
a WEB-GIS engine (final step), makes this task
much more immediate and accurate.
For example, the water withdrawals
management in a basin it is supported by a
graphical procedure which compares the total
withdrawals with dissipative use in the basin
and the low flow indices in the same basin.
In larger basins, the greatest difficulty is the
fragmentation of responsibilities among
administrations located in succession along the
stream, this is why administrations downstream
do not know the upstream situation (water
availability), while those that are upstream are
not able to understand the amount of legal
water
withdrawn
downstream
(water
constrain). At the moment this situation
generates a stalemate, for this reason a tool has
been developed to operate via the web and able
to work on a single database that should be
constantly kept updated by the administrations.

The system can be summarized in the
following fundamental steps:
 collection and sharing of the hydrological
data together with the information about
water uses, with particular attention given
to data update tools (server named
SATTAR);
 analysis on the data collected with GIS
procedures
(SATTAR)
and
implementation of hydrological models
(server named AREF);
 computation and results analysis with a
graphical user friendly interface (GUI) in
WEB-GIS environments (server WEB).
The operation of the system requires extensive
interaction between the three servers, not only
because of the need to access the database, but
also because the GIS running on SATTAR
provides cartographic elaborations for the
procedures installed on AREF. The GIS engine,
which together with the database is installed on
the server SATTAR, interacts directly with the
Map Server and Web Service Processing to
reproduce all outputs, both numerical and
graphical, on screen.
The collection of data and information about
the studied area is the initial step in any
research of this kind, but even in this phase
many problems and uncertainties may arise,
especially due to the scarcity of data or to a
lack of knowledge. The issue of data scarcity
could be easily solved with structural works
such as: the expansion of the monitoring
network, the technological update of the
measuring stations, new data collection
methodologies and so on. The case of lack of
knowledge may be solved with a set of tools
that allows a better access to the data collected
so that information and knowledge could be
widely shared.
Achieving this final goal means the necessity
of operating on a software platform that could
allow a free sharing of information, knowledge
and procedures in itinere and all these features
are well provided by a WEB-BASED
architecture. For this reason the first step is the
creation of a shared database at the basin scale
of all data and information together with user
friendly procedures for its periodical update.
The second step is the developing of a series of
procedures concerning the analysis of the data.
These procedures can be both numerical and

RESULTS AND DISCUSSIONS
The methodology described in the previous
paragraph has been applied to the Tiber River
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basin, that is located in the centtre of Italy and
occupies ann area of 17
7462 km2 (F
Figure 2).
The Tiberr river, togeether with its tributarries,
flows throough five regions, Tuscany and
Emilia-Rom
magna regiions in the upper
u
part, the

Um
mbria region
n in the miiddle, the Marche
M
and
d
Ab
bruzzo regio
ons throughh importantt tributariess
and
d finally thee Lazio regiion before flowing
f
into
o
thee Tirreno Seea.

Fiigure 2. Tiber River Basin - WRME project

This aspecct is highly relevant,
r
no
ot only from
m an
administrattive point of view, bu
ut also from
m a
technical one becausse it often
n happens that
agreementss between two or mo
ore regions are
needed in oorder to buiild hydrauliic works andd to
manage thhem (dams, pipes nettworks, sprring
tapping w
works, etc.). In order to make the
technical-aadministrative
side
of
the
managemeent of the superficial
s
water
w
resouurce
much eassier and immediate,
i
a web site
(http://hydrrogate.unip
pg.it/wrme/) has bbeen
developed..
In this porttal, the dataa collection and validattion
phase broought to the comp
pilation off a
hydrologiccal databaase, alread
dy access ible
online, thhat has diffferent levels of acccess
according to the typology of useer and the kkind
of inform
mation requ
uired. At present,
p
abbout
12000 yeears of hydrometeor
h
rological ddata
andabout 110000 inforrmation regaarding the uuses
and the waater withdrawal have beeen stored. T
The

datta can be viewed
v
bothh in a numeric formatt
and
d a graphiic visualizaation and if needed,,
eassily exported
d in variouss file formatts.
Fig
gures 3-4 show, hoowever, a significantt
exaample of prrocessing off hydrological indices,,
in this case the Base Flow Indeex. BFI iss
calculated forr the hydroometric staation of S..
Luccia on the Tiber Riveer. As can be
b seen forr
thee entire tim
me series (F
Figure 4) we
w obtain a
BF
FI=43.87. Selecting
S
m
more and more
m
recentt
tim
me series, the BFI increases: 1949-2004
4
BF
FI=45.76, 1970-2004
1
BFI=49.64
4; 1995 200
04 BFI=56.36; 20000-2004 (Figure 5))
BF
FI=61.47.
Thee increase in the indexx value is more
m
evidentt
witth recent tim
me series, inn fact the base
b
flow in
n
thiss part of the river has been artificially
y
inccreased, in recent yearss, by the water released
d
from Monted
doglio Resservoir, alllowing thee
water course to have betteer quality and
a quantity
y
con
nditions, and suppporting diirect usess
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(withdrawals, especially irrigation) and indirect
uses (social activities and habitat) of the water
resource. This WEB-based approach can be
replicated for different time series of different

gauged sites and for other types of indexes
(Q7,10; Q355, streamflow that is equalled or
exceeded 355 days in a year, on average ).

Figure 4. BFI calculation over the entire time series, BFI = 43.87

Figure 5. BFI calculation over the 2000-2004 time series, BFI = 61.47

In order to evaluate the river conditions the
previous hydrological indices were used, while
for the existing water withdrawals an analysis
procedure has been developed, that from the
point of interest selected directly on the map,
finds out the upstream basin and, by means of
overlay procedures, identifies the upstream

water uses. To search the water body in more
details, a filtered search has been developed so
that the uses can be retrieved on the base of
their type, the allowed amount of water, and
their administrative status.
Figure 6 shows the result of this analysis,
where it is possible to highlight the no balance
29

situations and introdu
uce a proacctive correcttion
m
t of this ssubin water rresource management
basin.
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Abstract
Cynara cardunculus L. is a perennial plant of Mediterranean origin, which drew attention in particular for the use of
biomass or seed oil for energy purposes. This paper presents researches conducted on seed production and productivity
elements of Cynara cardunculus L. plants. The paper includes results of researches carried out in 2012-2013, on three
Cynara cardunculus L. cultivars (Gobbo di Nizza, C 816 and Porto spineless). Average total biomass production at
plants maturity for the two crop years was 16,672.8 kg ha-1 dry matter, and the average grain yield was 1,565 kg ha-1.
Keywords: Cynara cardunculus L., biomass, dry matter, grain yield.

INTRODUCTION
Cynara Cardunclus L. (cardoon) is a diploid 2n = 34 chromosomes (Fernández et al., 2005),
perennial herbaceous plant of Mediterranean
origin (Franco, 1984), belonging to the
Asteraceeae (Archontoulis et al., 2009) family,
with a life span of almost 10 years (Gominho,
2001; Archontoulis et al., 2009; Abeliotis et al.,
2009) or 10 to 15 years (Archontoulis et al.,
2008). Cardoons adaptability to various
climatic conditions is a result of the plant
ability to achieve a positive balance between its
phenological stages and climatic trends, and
from its well and deeply developed root
system, which allows exploring a large volume
of soil (Ierna et al., 2012).
In the Mediterranean Basin, cardoon is mainly
cultivated in Spain, Italy, France and Greece
(Portis et al., 2005; cited by Ierna et al., 2012).
Researches on the species Cynara cardunculus
L. conducted in Italy highlighted its potential
for lignocellulosic biomass, exploited for
energy purposes. (Ierna et al., 2012). Cardoons
grain production and weight of thousand seeds
vary according to the experimental conditions
(Gominho et al. 2011; Curt et al., 2002;
Fernández and Curt 2004; Ierna et al., 2012).
Cardoon seeds are rich in lipids (Sengo et al.,
2010) and their oil content varies under

different growing conditions (Portis et al.,
2010; Piscioneri et al., 2000; Curt et al., 2002).
MATERIALS AND METHODS
Researches were carried out on a chromic
luvisol, at the Didactic Farm Moara
Domneasca of the University of Agronomic
Sciences and Veterinary Medicine of
Bucharest.
The field was organized by the method o
subdivided parcels with three repetitions, and
three cultivars of Cynara cardunculus L. were
analyzed, respectively:
V1 - Gobbo di Nizza;
V2 - C 816;
V3 - Porto spineless.
Fertilization consisted in applying complex
nitrogen and phosphorous fertilizers at a dose
of 60 kg ha-1 active substance, in early spring,
before the plants start growing.
Dynamic biometric measurements were made
from the beginning of the growing season up to
the senescence stage. Collection of dry biomass
production and evaluation of grain yield were
carried out after plants reached the stage of
senescence.
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Starting with the second year of life, cardoon
reaches harvest maturity in August.
In 2012 during the period April - August, the
average temperature was 18.36 °C, with 2.24
°C above the multi annual average, and in 2013
the average value of the temperature was 19.14
°C, with 2.24 °C higher than the multi annual
average. Rainfalls recorded during April August had a total amount of 283.4 mm in
2012, with 32.7 mm below the multi annual
amount o the area. In 2013 during April and
August rainfalls amount was 223.3 mm.

Flowering period lasts about 4 weeks and
begins with the advent of lilac colored flowers
on the inflorescence in the center of the
corymb.
The average biomass production at harvest, for
the two years, was 16,672.8 kg ha-1 (Table 2).
The variety with the highest dry biomass
production both in 2012 and 2013 was V3 Porto spineless, recording in the two years
analyzed an average production of the total
biomass of 20,368.5 kg ha-1, the positive
difference compared to the average of the three
varieties being very significant.
Grain production is closely correlated with the
number of inflorescences per plant. In 2012
there was an average grain production of the
three varieties of 1,478.4 kg ha-1, and in 2013
the average grain production was 1,652.67 kg
ha-1, with 174.27 kg (Table 3) above the
average grain production recorded in the
previous year.
Cardoon variety with the highest grain yield
recorded was Porto spineless, with an average
of 2,282.2 kg ha-1 for the two crop years. The
lowest average grain yield for the two crop
years, of 1,103.8 kg ha-1, was recorded for
Gobbo di Nizza variety, the negative difference
compared to the average of the experience
being
distinctly
significant.
Increased
production in Porto spineless variety is very
significant compared to the average of the three
studied Cynara cardunculus L. varieties.
The number of capitula per plant depends on
the variety and the climatic conditions,
especially on the amount of rainfalls and their
distribution during growing period. The
average number of capitula per plant was 6.85
in 2012, and 8.11 in 2013, while the average
number for the two crop years was 7.48
capitula per plant (Table 4).
Table 5 presents the average grain yield per
plant for each variety, in the two analyzed crop
years. In 2012 the grain yield per plant was
78.68 g and in 2013 it was 153.6 g per plant.
The variety with the highest grain yield per
plant was Porto spineless, with an average
production for the two crop years of 163.85 g
per plant, the positive difference compared to
the average of the cultivated varieties being
very significant.

Table 1. Climatic conditions in 2012 - 2013 Weather Station Găneasa –Ilfov
Month
X
XI
XII
I
II
III
IV
V
VI
VII
VIII
IX
Average
(0C)
Sum (mm)

Temperature (t °C)

Rainfalls (mm)

2012
8.9
10.3
- 0.17
- 1.1
- 4.4
5.8
14.1
18
22.9
27.0
24.4
19.4

2013 Normal 2012 2013 Normal
13.6
11
37.6 16.6
35.8
6.6
5.3
10.2
5.8
40.6
- 1.7
0.4
101.4 113.6 36.7
- 1.7
- 3.0
19.6 70.6
30.0
2.2
- 0.9
19.6 50.6
32.1
4.9
4.4
4.2
27
31.6
13.1
11.2
32.4 19.1
48.1
19.5
16.5
180.6
44
67.7
22.6
20.3
14.2
99
86.7
23.3
22.1
9.2
26.2
63.1
24.5
21.7
47.0
35
50.5
17.4
17.5
42.2 49.6
33.6

12.09

12.03

10.54

518.2 557.1

556.5

RESULTS AND DISCUSSIONS
Results of the research conducted on the
Cynara cardunculus L. species in the second
year of life, highlighted the following:
Sprouting, bud development of Cynara
cardunculus L. plants
Plant started their development at the beginning
of March, through bud swelling on the upper
part of the root system (1-3 cm depth).
Crop plants development and biomass
evaluation
At the beginning of the vegetation period,
plants development takes place more slowly,
depending on climatic conditions and variety.
Rosette formation or the growth of 5 to 6
leaves (Archontoulis et al., 2009), under the
conditions of Moara Domnească, corresponded
to mid April. Inflorescences begin to form once
stems elongate.
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Table 2. Total biomass production (dry matter) of Cynara Cardunculus L. in the second year of life, during
2012 – 2013 at Moara Domneasca (Ilfov)
Year 2012
kg ha-1
%
13,063
82.9
15,190
96.4
19,022
120.7
15,758.3
100

Variety
V1
V2
V3
Average

Year 2013
kg ha-1
14,793
16,254
21,715
17,587.3

%
84.1
92.4
123.5
100

Average 2012 - 2013
kg ha-1
%
Diff.
13,928.0
83.5
- 2744.8000
15,722.0
94.3
- 950.8 00
20,368.5
122.2
3,695.7***
100
C
16,672.8
LSD 5% = 468.36 kg
LSD 1% = 709.17 kg
LSD 0.1% = 1,140.58 kg

V1 - Gobbo di Nizza; V2 - C 816; V3 - Porto spineless

Table 3. Grain yield of Cynara Cardunculus L. in the second year of life, during
2012 – 2013 at Moara Domneasca (Ilfov)
Year 2012
kg ha-1
%
1,087.0
73.5
1,226.0
82.9
2,122.3
143.5
1,478.4
100

Variety
V1
V2
V3
Average

Year 2013
kg ha-1
%
1,120.5
69.3
1,392.5
79.6
2,442.0
151
1,651.7
100

kg ha-1
1,103.8.0
1,309.3.0
2,282.2
1,565

Average 2012-2013
%
70.5
83.7
146
100
LSD 5% = 253.22 kg
LSD 1% = 383.66 kg
LSD 0.1% = 616.65kg

V1 - Gobbo di Nizza; V2 - C 816; V3 - Porto spineless

spineless the positive difference compared to
the average of the three varieties is distinctly
significant, while Gobbo di Nizza recorded a
significant negative difference.

Table 4. Number of capitula per plant
in Cynara cardunculus L. crop
Year 2012

Year 2013

No/p

%

No/p

V1

6.11

89.2

V2

6.33

V3
Average

Variety

Average 2012-2013

%

No/p

%

Dif.

6.33

78.1

6.22

83.2

-1.26

92.4

7.67

94.5

7

93.6

-0.48

8.11

118.4

10.33

127.4

9.22

123.3

1.74

6.85

100

8.11

100

7.48

100

C

Table 6. Seed weight per capitulum (g)
Variety

Table 5. Seed weight per plant

V1
V2
V3
Average

Year 2012
Year 2013
g
%
g
%
61.8 78.6 114.8 74.7
69.36 88.2 133 86.5
104.7 133 223 145.2
78.62 100 153.6 100

V1 - Gobbo di Nizza; V2 - C 816; V3 Porto spineless

Year 2012

Year 2013

Average 2012-2013
g
%
Diff.
88.3
74.8 -29.700
101.18 85.7
-16.8
163.85 138.8 45.9***
117.98 100
C

g

Average 2012-2013

%
%
g
g
V1
10.14
89.2 18.14 95.4
14.14
V2
10.96
96.4 17.34 91.2
14.15
V3
12.91
13.5 21.59 113.5
17.25
Average
11.37
100
9.02
100
15.18
V1 - Gobbo di Nizza; V2 - C 816; V3 - Porto spineless

V1 - Gobbo di Nizza; V2 - C 816; V3 - Porto spineless

Variety

Diff.
- 461.200
- 255.70
717.2***
C

%
93.1
93.2
113.6
100

Diff.
-1.04
-1.03
2.07
C

Table 7. Weight of thousand seeds (WTS)
Variety
V1
V2
V3

LSD 5% = 17.56 g
LSD 1% = 26.61 g
LSD 0.1% = 42.77 g

Average

Seed weight per capitulum (Table 6) in 2012
had an average of 11.37 g, and 19.02 g per
capitulum in 2013, the average seed weight of
the two years being of 15.18 g per capitulum.
The variety with the highest seed production per
capitulum was Porto spineless, with an average
of 17.25 g per capitulum in the two crop years.
Regarding the weight of thousand seeds of the
studied Cynara cardunculus L. varieties, this
had an average value of 33.87 g in 2012, and
42.2 g in 2013 (Table 7). For the variety Porto
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Year 2012
g
%
30.9 91.2
33.1 97.7
37.6 111
33.87 100

Average 2012-2013
Year 2013
g
%
g
%
Diff.
40.1
95
35.5 93.4
2.50
41.1
97.4 37.1 97.6
0.9
45.3 107.3 41.45 109.0 3.45**
42.2
100 38.0 100
C

V1 - Gobbo di Nizza; V2 - C 816;
V3 - Porto spineless

LSD 5% = 1.92 g
LSD 1% = 2.91 g
LSD 0.1% = 4.68 g

CONCLUSIONS
Results of the research conducted in 2012 and
2013 on the Cynara cardunculus L. species
show the following:
- Average biomass production for the two crop
years was 16,672.8 kg ha-1.
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- The maximum biomass production was
achieved in 2013 in Porto spineless variety,
respectively 21,715.0 kg ha-1.
- The maximum grain yield was achieved in
Porto spineless variety, with an average for
the two crop years of de 2,282.2 kg ha-1.
- Yield components, respectively number of
capitula per plant, seed production per
capitulum and weight of thousand seeds
(WTS) had maximum values in the variety
Porto spineless.

Figure 1. Flowering Cynara cardunculus L. plants,
Moara Domneasca Experimental Field
(July 25, 2013)

Figure 2. Cynara cardunculus L. plants,
Moara Domneasca Experimental Field
(August 8, 2013)
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Abstract
National Immovable Cultural Heritage Inventory System (Tescilli Kültür Varlıkları Tasınmaz Ulusal Envanter Sistemi /
TUES) is a centralized web-based GIS system, which is capable of cross-querying 10,000 protected areas
(archaeological, urban or historical), 100,000 monuments and registered historical buildings, more than 500,000
Conservation Council decisions and nearly 20 million pages of archival documents for all provinces of Turkey. In one
word, aim of this project is inventorying of immovable cultural heritage of Turkey on a web-based GIS system for
Ministry of Culture and Tourism and other national governmental agencies. This system is also important for Turkish
National GIS Project called TUCBS (Turkish National GIS); the mainframe of all GIS based e-government projects. In
this paper, we’re going to analyse the necessity of centralized Web/GIS based inventory system for cultural heritage,
agriculture, stockbreeding, mining industry and many more sectors; and then we’re going to discuss main design
elements and modules of the application.
Keywords: GIS, inventory system, immovable property, cultural heritage, protection zone, Turkey.

agricultural activities may arise. In Turkey,
there are four different types of cultural
protection zones: archaeological, historical,
urban and urban-archaeological (Figure 1). In
these four protection zones, all agricultural and
urban activities are strictly forbidden, as these
zones are considered scientific reserves for
their highly important historical and cultural
value.
Another protection status concerns monumental
and architectural cultural heritage. Single
buildings, monuments or building complexes
like mosques, churches, caravanserais, baths,
cemeteries, manors, etc., are common in
Turkey’s agricultural areas.
It is important for other national government
agencies to provide their own data to a
centralized national GIS. The Republic of
Turkey's Ministry of Transport, Maritime
Affairs and Communications need to know if
new highway or railroad projects will interfere
with a protected cultural heritage zone, a
mining area or a special agricultural zone
(Figures 2-3).

INTRODUCTION
According to Law No. 2863, the Turkish
Ministry of Culture and Tourism is the
authority for making decisions concerning the
protection of the country's cultural heritage.
The ministry has decentralized this authority to
35 Regional Conservation Councils (RCC)
nationwide. The identification of immovable
cultural and natural property and natural sites
will be coordinated by the Ministry of Culture
and Tourism. This will be done by obtaining
information about the relevant institutions and
organizations and how their activities will be
affected. Such identification shall take into
account the history, art, region and other characteristics of the cultural and natural property.
Following identification, the immovable
cultural and natural property to be protected
will be registered with a decision to this end by
the Regional Council for Conservation.
Immovable Cultural Properties need to be
protected within the spaces they occupy. As a
result of this necessity, problems concerning
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15. In 2011, we createdd the serverr room with
h
eno
ough serverrs and requuired software, and in
n
201
12, we organized regiional trainin
ngs for thee
Conservation Council staaff. In 2013
3, Regionall
Conservation Councils beegan enterin
ng data and
d
TU
UES becamee a very ppowerful sy
ystem. Thiss
yeaar, we have also upggraded our centralized
d
serrver hardw
ware, Reggional Co
onservation
n
Councils’ client systems,, emergency
y plans and
d
disaster recov
very/backupp systems and CORS
S
(Co
ontinuously
y Operatingg Referencce Station))
GP
PS equipmen
nt for more accurate co
oordinates.
TU
UES broadcasts from ccentralized servers viaa
http
p protocol and
a we are planning to
o make thiss
sysstem availab
ble to moree than 400 users from
m
ourr 35 Regional Coonservation Councilss
nattionwide, simultaneouusly. Additiionally, wee
aree planning to share innformation with otherr
nattional goverrnmental orrganizations using thee
Turrkish E-Gov
vernment syystem and the
t Turkish
h
National GIS Project
P
calleed TUCBS..
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Alll data is co
ollected byy highly sen
nsitive and
d
acccurate COR
RS GPS devvices. Then
n, collected
d
datta is convertted to the E
ED 1950/3° coordinatess
sysstem by the NET
TCAD dessktop GIS
S
app
plication. Finally, converted accuratee
coo
ordinated data is uploaaded to cen
ntral TUES
S
serrvers.
Forr now, TUE
ES is only acccessible to
o authorized
d
useers of the Republic
R
off Turkey's Ministry
M
off
Culture and Tourism. W
When the project iss
com
mpleted, we
w open soome modu
ules to thee
gen
neral public and moost modules to otherr
gov
vernmental agencies.

Figure 4. 38%
% of Protectio
on Zones in Republic of Tur
urkey

RESULTS
S AND DIS
SCUSSION
NS
ystem in 20012.
We began entering daata to the sy
At presentt, we have digitized 38% (4.124)) of
protected zzones, 8% (8.616)
(
of monuments
m
and
single buuildings, and
a
70 000
0
Regioonal
Conservatiion Council reports in
nto the systtem
(Figure 4).

Figure
F
7. Coorrdinate Basedd “Area” Query Example

Figure 5. C
Coordinated Bo
orders of a Protection Zonee in
Antalya, Reepublic of Turk
key

Our plans for the yeaar 2014 aree to encourrage
our Regional Conserrvation Cou
uncils to ennter
more data into the sysstem. We also need to ffind
partners annd prepare policies forr how to shhare
our data viia Web serv
vices.

Fig
gure 8. Detailed Results off Coordinate Based
B
“Area”
Query
Q
(Query resulted with 1 province, 3 districts, 4
urban prottection zones aand 1 archaeo
ological
protectionn zone)

Figure 6. R
Results of a Co
oordinate Baseed “Line” Queery

Figu
ure 9. TUES utilizes
u
Googlle Street Mapss and Satellitee
Images under
u
its web based spatial data
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reg
gistered culttural heritagge to avoid conflicting
g
witth protected
d zones.
In conclusion, we believee that TUES
S will be an
n
imp
portant sourrce for the G
General Dirrectorate off
Lan
nd Registry and Cadastre,, Generall
Dirrectorate of Mining Affairs, Republic
R
off
Turrkey's Min
nistry of F ood, Agricculture and
d
Liv
vestock, Ministry of Forestry, Ministry
M
off
Env
vironment and Urrbanization,, Generall
Dirrectorate of
o Highway
ays and many
m
moree
releevant goverrnmental insstitutions.
Wee therefore strongly reecommend developing
g
thee national GIS
G system
ms for everry possiblee
typ
pe of spatiaal data. Ouur project teeam would
d
likee to share our knnowledge with
w
thosee
inteerested in th
he subject.

Figure 100. Private Parccels (Yellow) and
a Registereed
Buildings (Green) in a Protection
P
Zon
ne at Eskiúehiir,
Republlic of Turkey
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Abstract
The objective of this work was to analyze the main physicochemical properties of the fruit fillings prepared by using a
heat-stable blend based on two hydrocolloids: low acyl gellan gum and amylopectin starch. Cherry and peach purees
thawed after 1 month of freezer storage were used as a primary raw material in the preparation of fruit fillings. These
were assayed for pH, soluble solids, total titrable acidity and total polyphenols before being used in the process of
making fruit fillings. The same physicochemical parameters were investigated in the fillings prepared from the fruit
purees presented above. In order to find out how the main quality characteristics of fruit fillings are affected by the
thermal treatment during preparation and how the heat-stable complex containing low acyl gellan gum and
amylopectin starch is capable to save a part of the essential compounds naturally found in the used fruit-based raw
material, the control samples of fruit fillings (without heat-stable complex) were additionally prepared.
Keywords: gellan gum, amylopectin starch, fruit filling, heat-stable.

quality parameters and induces loss of many
bioactive compounds (Nicoli et al., 1999).
The food products obtaining after processing
cherries and peaches could be analyzed
together, because these fruits belong to the
Rosaceae family, which also includes apricots
and plums.
Owing to their delicate aroma and taste, bright
color, and health properties, cherries and
peaches have become extremely appreciated in
the world (Crisosto et al., 2003; Heinonen et
al., 1998; Serradilla et al., 2012; Gil et al.,
2002; Tomas-Barberan et al., 2001).
The cherries and the peaches are normally
cultivated mainly for fresh consumption, but
taking part from a group of climacteric fruits,
they also present a challenge in postharvest
storage, limiting the time period within which
they can be stored and consumed fresh (Kader,
1999). In order to ensure sufficient shelf life
during storage and transportation, the cherries
and the peaches are usually picked earlier than
their ripening stage. Because these fruits are
relatively perishable, a big part of them is
processed into jam, juice, purees, baby food
and other canned products. Processing plays a
big role in extending fruit's shelf life and

INTRODUCTION
Cherries and peaches possess highly desirable
taste for many food preparations and are widely
consumed both fresh and processed not only in
Republic of Moldova, but also in other
European countries. The nutritional benefits of
these fruits are related to the content of
bioactive substances, such as phenolic
compounds, which have been reported to
possess potential health effects (Lee et al.,
2007).
A large number of research works have been
made on studying the influence of various
processing methods on preservation of
bioactive compounds in different products
(purees, jams etc.) obtained from strawberries
(Hartmann et al., 2008; Klopotek et al., 2005;
Patras et al., 2009; Aaby et al., 2007), however
only few studies have been reported about
similar investigations made on cherries,
peaches and products obtained from them (Kim
et al., 2004).
In general, high processing temperatures for a
longer period of fruit product preparation has
negative effect on most of the final product
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experimental orchards “Codru” of the Practical
Scientific Institute of Horticulture and Food
Industry of Moldova. Peaches of the variety
“Collins” variety were harvested in July, 2013
from the experimental orchards of “Surinmih”
Ltd. (Rezina region, Lalovo village, Republic
of Moldova). In order to have homogeneous
trials, both fruit samples were collected
randomly from external and internal parts of
the selected trees. The cherries and the peaches
were frozen at -20°C and stored in deep freezer
for one month before the experiments. The
sugar was purchased from a local supermarket
(Chisinau, Republic of Moldova). The
amylopectin potato starch Eliane BC-160
(AVEBE) was kindly supplied by the Trading
House AVERS (Sankt-Petersburg, Russian
Federation). A low acyl gellan gum powder
(KELCOGEL F) was acquired at the Moscow
International Exhibition for Food Ingredients,
Additives and Flavorings - “Ingredients Russia2013” (Moscow, Russian Federation).

facilitating year-round availability. This issue
represents a successful combination of
convenience and appeal with nutritive value,
especially as processing type and conditions
have been displayed to affect bioactive
compounds (Hamama et al., 1991).
The manufacturing of jams and heat-stable
fillings for bakery products submitted to a
thermal process, such as pasteurization or
sterilization, is a useful alternative to extend the
shelf life and conservation period of seasonal
fruits such as cherries and peaches. The heatstable fruit fillings belong to a group of fruit
preparations which may resist high oven
temperatures and are generally used in use in
bakery products and confectionery. In
accordance with the German Association for
Food Law and Food Science (BLL) guideline,
fruit preparations (including fruit fillings)
should be produced from healthy and fresh
fruits that are unfermented and possess a
ripeness degree appropriate for processing.
However, fruit concentrates as well as
concentrated fruit constituents may be also
used (Carle, 1997).
The main disadvantage of fruit preparations
such as fillings is that during the thermal
processing (even short-term) the original fruit
loses some of its nutritional value and may also
acquire undesirable characteristics in aroma
profile, texture and color. Although the
processing of fruit can decrease the content of
total polyphenols and other bioactive
compounds, some studies have illustrated that
significant amounts of these compounds can be
found after three months of storage in the
presence of light and at room temperature
(Mota, 2006). It has also been shown (Falcão,
2007) that, during jam processing, temperature
of 70°C and higher induces the inactivation of
enzymes that degrade polyphenols.
The main goal of our study was to estimate the
influence of adding heat-stable complex
containing amylopectin starch and gellan gum
on stability of phenolic compounds and quality
parameters of cherry and peach fillings.

Chemical reagents
Folin and Ciocalteu’s phenol reagent, sodium
hydroxide solution (0.1 n) and citric acid
solution (50%) were prepared in the Laboratory
of Functional Foods at the Practical Scientific
Institute of Horticulture and Food Technology
(Chisinau, Republic of Moldova).
Fruit filling processing
The fresh cherries and peaches were washed,
dried, sliced, pitted and frozen by experienced
personnel in the Functional Foods Laboratory
of the Practical Scientific Institute of
Horticulture and Food Technology (Chisinau,
Republic of Moldova). Prior to the processing,
unpeeled peaches and cherries were thawed
after freezing and pureed with a portable
blender up to homogeneous mass.
The fruit filling samples were locally processed
at the Practical Scientific Institute of
Horticulture and Food Technology of the
Republic of Moldova, Laboratory of Functional
Foods. The frozen peaches and cherries were
kept at room temperature for 60 minutes before
they were filled into the stainless-steel pan for
filling preparation before sugar was added.
Fruits and sugar were mixed (separately
peaches and cherries) together before heating to
70°C and complete solubilization of the sugar.

MATERIALS AND METHODS
Raw materials
The cherries of the variety "ERDI Urojainaia"
were handpicked in June, 2013 from the
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Starch-gellan gum blend (0.6 g starch and 0.5 g
gellan gum in 100 ml water) was then added as
a heat-stable complex for fruit fillings when the
temperature rose to 80°C and held under
continuous heating up to 90°C for 3 min before
obtaining the homogeneous mixture. In the
final stage of heat-stable fruit fillings'
preparation, citric acid was added and the
mixture was stirred for 5 minutes before hot
filling in transparent glass jars and the required
total soluble solids were verified using an
ABBE benchtop refractometer. Further cooling
was done at 20°C for 4 hours before
refrigeration. The fruit filling processing was
performed in triplicates.
There were also made control samples of fruit
fillings without heat-stable complex containing
amylopectin starch and low-acyl gellan gum
according to the procedure described above. All
cherry and peach fillings were prepared on the
basis of 70% fruit puree for every formulation,
having the same pH and soluble solids, but
different amount of citric acid added in each
formulation.
All fruit fillings’ samples were stored
refrigerated (4°C) for one week, and then
analyzed.

important indicator of the commercial and
sensory quality of the raw material and fruitbased products.
The total polyphenols in the fruit preparations
was determined by the spectrophotometric
method (Singleton et al., 1999), using the
Folin-Ciocalteu reagent. The reaction is based
on the reduction of phosphomolybdic acid by
phenols in aqueous alkali. The method detects
the total free phenolic groups and thus
establishes the total soluble phenolic
compounds in a sample. The total content of
polyphenols was measured in peach puree
before
preparing
peach
fillings,
and
subsequently in the filling samples prepared
with heat-stable complex and separately
without it (control samples) by short-term
concentration of the peach puree. The
difference between the initial content of
polyphenols in peach puree and their remaining
content in peach fillings showed the total
polyphenol loses in each sample. All
experimental measurements were expressed as
the average of conducted analyses ± standard
deviation.

Physicochemical analysis
The physicochemical analysis of the cherry and
peach purees and the fillings prepared from
them were carried out in the Laboratory of
Functional Foods of the Practical Scientific
Institute of Horticulture and Food Industry of
the Republic of Moldova.
The soluble solids of the prepared fruit fillings
were determined at ABBE benchtop
refractometer and expressed in °Brix. The pH
value was measured by the potentiometric
method, introducing the electrode directly into
the analyzed fruit purees and fillings.
In order to establish the amount of acids in the
fruit preparations, we used titration as the most
common chemical method with the standard
laboratory solution of 0.1M sodium hydroxide
as counteractive reagent. 1% w/v solution of
phenolphthalein in 95% v/v ethanol was used
as indicator, while the point of neutrality was
reached when the indicator changed from
colourless to pink. We also calculated the
sugar/acid ratio for both fruit purees and
fillings, because this parameter is a very

The total polyphenol content was determined in
the fruit purees and fillings made from them.
The results obtained after analyzing the fruit
fillings show that not only fresh cherries and
peaches, but also fillings produced from them
represent a rich source of polyphenols –
bioactive phytocomponents characterized by
the presence of more than one phenol group in
the molecule (Table 1). A large number of
studies show that the increased consumption of
fruit polyphenols is beneficial for maintaining
good human health (Lee et al., 2007; Rissanen
et al., 2003), because it contribute to many life
processes, resulting from their interactions with
bio-molecules in the same way as enzyme
regulators (Lee et al., 2007; D’Ischia et al.,
2006).
We used freezing/thawing before purees
analysis and fillings' preparation because these
processes result in the disruption of the cellular
matrix and an easier extraction of the
polyphenols.
The most significant information, visualized by
comparing the results of physicochemical
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analysis of the heat-stable fillings and control
samples of fruit fillings (Table 1), was the
difference between influence of the two
different formulations (with and without starchgellan gum blend), explaining 15% of the total
variation in total polyphenols. The samples
prepared with starch-gellan gum complexes
(both peach and cherry) had a higher content of
polyphenols than control samples, confirming
one of the existing hypothesis about polyphenol
loses (Lin, 2007) that colloidal structures in the
solution influence the chemical stability of
polyphenols and certain colloidal aggregates
could influence the oxidation rate if the
polyphenols are incorporated or closely
interacting with the aggregates (Lin, 2007).

that the addition of the heat-stable blend
containing amylopectin starch and gellan gum
that represents a colloidal aggregate, may lead
to a small decreasing in the total polyphenol
loses up to approx. 15% in comparison with the
control samples of fillings.
CONCLUSIONS
Due to actual trends for heath living proposing
the increased consumption of fruits and
vegetables and greater awareness of health
complications and diseases resulting from poor
diet, consumers are looking for high-quality
products with health benefits obtained from
processing of fruits and vegetables. In order to
increase microbiological stability and extended
shelf life, manufacturers generally have to
perform the thermal processing of these
products, which affects their beneficial
properties.
The objective of the present study was to
investigate the impact of traditional thermal
processing on the total phenolics and quality
parameters of cherry and peach fillings
prepared with heat-stable blend of amylopectin
starch and gellan gum, by comparing them with
the control samples of fillings
In prepared cherry and peach fillings, the
phenolic compounds were negatively impacted
by short-time concentration under elevated
temperature and free access of oxygen.
However, the total phenolic content was much
higher in heat-stable fruit fillings prepared with
amylopectin starch-gellan gum blend than in
the control samples prepared under the same
processing conditions.
Thus, it was demonstrated that adding heatstable blend which consists of amylopectin
starch and gellan gum, represents a very more
effective tool not only for manufacturing
bakery-stable fillings, but also for saving
polyphenols from thermal damage during
processing of fruits.

Table 1. Quality parameters of the cherry and peach
purees and fruit fillings prepared from them
Product
type

SSC,
ºBrix

TA,
%

SSC/
TA,
ºBrix/
% acid

pH

TPC,
mg/kg

Cherry
puree

14.0
±0.01

1.15
±0.01

12.17
±0.25

3.27
±0.01

1514.5
±12.5

Peach
puree

12.25±
0.35

0.67
±0.01

18.28
±0.15

3.80
±0.01

372.94
±3.48

Cherry
filling
with heatstable
blend

40.0
±0.35

0.68
±0.01

58.82
±0.25

3.25
±0.01

978.5
±1.21

Control
sample of
cherry
filling

40.0
±0.35

0.69
±0.01

57.97
±0.25

3.25
±0.01

835.21
±3.15

Peach
filling
with heatstable
blend

40.0
±0.35

0.53
±0.01

75.47
±0.25

3.25
±0.01

208.25
±0.45

Control
sample of
peach
filling

40.0
±0.35

0.55
±0.01

72.73
±0.25

3.25
±0.01

176.83
±0.18

Data are expressed as mean ± standard deviation (n=3)
SSC – soluble solid content, TA – titrable acidity,
SSC/TA – sugar/acid ratio, TPC – total polyphenol content.
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Abstract
Crop plant and basic tillage can influence soil fertility. Grown in the same place after three years, crop plant
determines an annual influence that may be modified in the following year. Basic tillage strongly influences the arable
horizon, especially when it is repeated several years later. The paper presents our attempts to determine both plant
influences in crop rotation and the basic soil loosening maintained unchanged for 12 years. Laboratory analysis was
performed in order to determine the effect of chemical, biological and pedo-enzymical influences on 0-20 cm depth of
the chromic luvisol horizon where the middle term experiment was placed at Moara Domneasca - Ilfov. Results were
statistically analyzed by the multiple comparison method (Snedecor, 1965). The steady conclusions show that the
temporary influence of the plant cultivated in a three-year crop rotation, must be ignored. Ploughing and disking by
repeated loosening (for 12 years) produced a better state of fertility in comparison with permanent chiselling.
Keywords: pH (H2O), humus, cellulolyse, total pedo-amidase, total pedo-phosphatase.

INTRODUCTION
Crop establishment pre-supposes basic tillage
for adequate seedbed preparation. In the
technical history of this type of farming
concerns, ploughing was and still is the basic
work, irrespective of the time of year. Basic
tillage must ensure suitable soil loosening at a
certain depth, in order to facilitate the
incorporation of stubble, organic manures and
even mineral fertilizes, amendments of any
kind into the soil, and provide the best retention
of the water resulting from precipitations, weed
control etc. The question of ploughing depth
occurred in the past, and still persists in modern
times; however, towards the end of the 20th
century, the ‘no-till’ technology was
recommended for economic reasons and based
on scientific arguments; this resulted in the
complete elimination of ploughing that was
replaced with other operations (for example,
plant-waste mulching) and new technical
means, among which the ‘minimum tillage’
strategy which introduced chiseling as the basic
work for loosening the superficial soil layer and
hardpan destruction.
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In Romania, the first scientific publications
concerning soil tillage supported the extension
of the ‘dry farming’ strategy which is highly
appreciated in agricultural practice, because it
is based on both animal and mechanical
traction, low consumption of fossil energy,
good maintenance of the soil physical
characteristics, and weed control (Săndoiu and
Enicov, 1940; Staicu, 1938; Sandoiu et al.,
1942, 1947; Stratula and Ionescu, 1965; Rusu
et al., 2009; Marin et al., 2012; Dinca et al.,
2013). As examples of worldwide literature, we
mention (Pfeiffer, 1938; Carter, 1986; Laford et
al., 1992; Balota et al., 2003) whose books
present the loose status of the superficial soil
layer, the microflora, micro and mesofauna
responsible
for
both
organic
matter
mineralization and aerobic humification. In the
past few years, industry provided agriculture
with some ploughs and tractors capable to
plough deeply and very deeply, which
undoubtedly play a role in certain specific
agricultural cases, such as the physical
improvement of soil, together with other
obligatory agrotechnical measures, such as top
quality organic fertilization, aerobic composts,
etc.

(pH-H2O) by the electrometric method, and
humus content (Ct%) by spectrophotometrical
method (Graham, 1950; Salfeld, 1974);
cellulolyse (Vostrov and Petrova, 1961); total
pedo-phosphatase (ùtefanic et al., 1965; 1971;
Irimescu and ùtefanic, 1998) and total pedoamidase (ùtefanic and GheorghiĠă, 2008). All
results were transformed into percentage
(compared with the Maximal Estimated Value
(MEV=100 – determined according to the data
obtained by ùtefanic, 1994, for each test) and in
accordance with the Numerical Taxonomy
Method. To transform the analytical results into
primary indicators and finally into the Complex
Indicator of Soil Fertility (CISF%), the results
(in repetition) were calculated as percentage
from MEV for each test; then we calculated the
mean of the percentages resulted from analysis.
The changes in the soil characteristics resulted
from the influence of the cited experimental
factors were assessed by using the multiple test
recommended by Snedecor (1965). The
Maximum Empirical Value (MEV) is indicated
under Table 2 (Gheorghita et al., 2008).

Our paper presents the results of complex
chemical, physiological and pedo-enzymical
research performed in a new conception of
analysis and interpretation. This presents the
effect of the influence factors (plant species and
basic tillage) by the change in some
characteristic parameters of soil fertility that
allows farmers to choose the basic loosening
mode for chromic luvisol, in order to reduce its
negative effects on soil fertility.
MATERIALS AND METHODS
The field experiment was established on
chromic luvisol at the Moara Domneasca
research centre in 2000. The three-year crop
rotation had the following influence factors: A
(a1 - peas; a2 - winter wheat and a3 - maize) and
B, annually: (b1 - ploughing to 25 cm; b2 loosening with chisel to 20 cm and b3 loosening with disk to 10-12 cm). All soil
loosening works were performed in autumn for
all crops. Soil samples were collected the same
day with Egenér drill from the parcels of all
plants at 0-20 cm depth, simultaneously with
maize harvesting. For each soil sample, a part
was sieved (2-2.5 mm) in order to remove
visible organic waste, then air-dried quickly;
another part was introduced into a thin plastic
bag, well closed to maintain humidity at room
temperature for a month, in order to stabilize
microbial processes, then temperature was
decreased to 4-70C until the analysis was
performed. We performed the following
analyses: humidity; chemical reaction of soil

RESULTS AND DISKUSSIONS
Table 1 presents the chemical, physiological
and pedo-enzymical analyses necessary to
evaluate the effect of human intervention on
soil fertility. Each analysed character was
subject to variance analysis and were
statistically differentiated by letters using LDP
0.1% (presented at the bottom of table).

Table 1. Data (in three replications) from laboratory analyses were introduced to evaluate the chemical, physiological
and pedo-enzymical features, influenced by basic works for loosening agricultural soil (after 12 years of application)
in a three-year crop rotation (peas, winter wheat and maize)
Pedo-amidase
mg NH4+ / 100
g soil
b1- A25
c 5.53
b 1.55
a 3.78
c 0.067
b2- C20
a1- peas
c 5.47
b 1.52
b 3.48
b 0.187
b3- D10-12
b 5.67
a 1.80
a 5.22
b 0.143
b1- A25
b 5.62
c 1.40
b 1.40
a 0.210
a2-winter
b2- C20
d 5.42
c 1.39
b 3.40
a 0.310
wheat
b3- D10-12
c 5.55
b 1.57
b 1.56
b 0.107
b1- A25
a 5.75
d 1.21
c 1.14
c 0.067
b2- C20
a3-maize
a 5.71
b 1.49
b 2.46
a 0.290
b3- D10-12
a 5.77
a 1.68
a 4.50
b 0.167
LSD 0.1%
0.086
0.144
1.569
0.1178
*A25 - ploughing to 25 cm, C20 - with chisel to 20 cm, D10-12 - with disk to 10-12 cm
Experimental variants
A/B

pH
(H2O)

Humus
(Ct%)

Cellulolyse
(mg cellulose)
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Pedophosphatase
mg P / 100 g soil
c 0.335
c 0.547
c 0.635
a 1.670
b 1.255
c 0.460
d 0.230
c 0.235
c 0.550
0.3395

In table 2, the results of the chemical,
physiological and pedo-enzymical analyses
transformed into percentage from VEM are

presented in three replications (necessary to
calculate their arithmetic means).

Table 2. Change in percentages (primary indicators) of the results (in three replications) presented in Table 1
pH (H2O)
Experimental variants
A/B

a1- peas
a2-winter
wheat
a3-maize

b1- A25
b2- C20
b3- D10-12
b1- A25
b2- C20
b3- D10-12
b1- A25
b2- C20
b3- D10-12

MEV

66.63
65.90
68.31
67.71
65.30
66.87
69.28
68.80
69.52
8.3

Humus
(Ct%)

Cellulolyse
(mg cellulose)

Pedoamidase
mg NH4+ /
100 g soil

Pedophosphatase
mg P / 100 g
soil

31.50
29.00
30.25
11.67
12.33
13.00
29.00
20.50
37.50
12

0.82
0.93
0.71
1.05
1.55
1.30
0.33
1.45
0.83
20

1.42
2.19
0.57
0.84
1.24
0.43
0.27
1.16
0.67

36.47
35.76
42.35
32.94
32.71
36.94
28.47
35.06
39.53
4.25

For example: The results in table 3 are
transformed into percentages from VEM, as
follows: experimental results for pH (H2O) =
5.53; VEM for pH (H2O) = 8.3 (excepting the
base-saturated soils) 5.53 : 8.3 x 100 = 66.63
% (primary indicator). In (Table 3), the values
of the Complex Indicator of Soil Fertility (CISF
%) presented in (Table 2), were factorially
grouped. The factor A mean (separate influence

Average CISF
%

a
b
a
c
c
c
b
b
a

27.37
26.76
28.44
22.84
22.63
23.73
25.47
25.39
29.61

25

of the plant grown in 2012) and the factor B
mean (separate influence of the basic mode of
soil tillage for the same period of 12 years)
were statistically grouped. Thus, we found that
the plant species determined no significant
influence (in 2012), but the factor B had a
negative influence by repeated chiseling at 20
cm in depth.

Table 3. Estimation of the changes produced (by Complex Indicator of Soil Fertility - CISF%), on average, by
cultivated plants (factor A) or by mode of basic tillage (factor B), in the twelfth year of application
Factors A / B
b1-A 25 cm
b2- C 20 cm
b3- D10-12 cm
Factor A –average
LSD % 0.1

After pea

After winter wheat

27.37
22.84
25.47
25.23 a

26.76
22.63
25.39
24.92 a
Insignificant

The table includes also, average of factors A
and B, in the interest of farmer to be able to
decide how must cultivate the soil. One
observes that by plowing or disking, the
stubbles, by organic matter incorporated in soil,
stimulated the vitality and activity of pedoenzymes. All these characteristics of the soil
are expressed by CISF%.
The interaction effect of experimental factors
and possibility of a better interpretation of the
quality of human interventions on fertility
status of chromic luvisol, after 12 years, are
presented in Table 4. They ought to observe

After maize

Factor B - average

28.44
23.71
29.61
27.25 a

a 27.52
b 23.06
a 26.82
2.81

that after winter wheat, the basic soil work was
grouped with letter c (the smallest CISF% of
the whole experiment).
The table also includes the columns of (average
influence of factors A and B so that the farmer
can decide how he must cultivate the soil. We
notice that, by plowing or disking, the organic
matter provided by the stubble incorporated in
the soil stimulated the vitality and activity of
pedo-enzymes and chemical fertilizers. All
these characteristics of the soil are expressed by
CISF%.
46

possible action could be detected as influence
exerted only in the crop year, as the experiment
was organized in rotation for a period of 12
years and the specific influence disappeared.
Also, according to the chemical and biological
analysis methods, in order to eliminate the
climate influence and the dynamics of the
various processes that occur in soil, soil
sampling was performed the same day from all
parcels, after maize harvesting, and the samples
were kept at room temperature in order to
obtain a specific balance comparable for all soil
samples.

Table 4 presents the effect of the interaction
between the experimental factors and the
possibility of a better interpretation of the
quality of human intervention on the fertility of
chromic luvisol after 12 years. It should be
noted that, after winter wheat, basic tillage was
grouped under letter c (the smallest CISF%
from all experiment).
The basic works for loosening the superficial
layer of chromic luvisol must be associated
with the incorporation of stubble, green
manures, plant waste, farmyard manure,
different composts, etc., into the soil.
Therefore, when we choose the tillage method,
we must bear in mind that the purpose of the
chisel is to destroy the hardpan.
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Abstract
Camelina sativa is considered to be a second generation crop used for advanced biofuel production. In Romania
research is being done regarding the agronomic factors which influence camelina yield potential. The objective of this
study was to identify the technological elements that are most suitable for camelina cultivation. Therefore, different
concentrations of nitrogen and phosphorus based fertilizers, as well as various row distances and seeding rates were
studied. The experiments were conducted at Moara Domneasca (Ilfov county) in 2013. The experiments were placed in
subdivided plots, in three replicates. The results showed that the highest yield potential was obtained when N60 P50
fertilization scheme was applied. Consequently, the application of large amounts of fertilizers is not necessary. The row
distance of 12.5 cm prevented weed infestation and the crop developed well. The data obtained can be useful for more
extensive studies regarding the agro-technical aspects of camelina crop.
Keywords: agro-technical aspects, camelina cultivation, camelina yield, Camelina sativa.

The objective of this study was to identify the
technological elements that are most suitable
for camelina cultivation.
Therefore, different concentrations of nitrogen
and phosphorus based fertilizers, as well as
various row distances and seeding rates were
studied.

INTRODUCTION
Camelina sativa (L.) Crantz (false flax, goldof-pleasure, linseed dodder, German sesame,
Siberian oilseed) is an annual oilseed crop of
the Brassicaceae (mustard, rapeseed) family
(Putnam et al., 1993; Zubr, 1997). Camelina oil
has an unusual fatty acid composition with high
levels of alpha-linolenic acid and linoleic acid
(Budinet et al., 1995; Zubr and Matthäus, 2005;
Abramoviþ and Abram, 2005; Vollman et al.,
2007; Imbrea et al., 2011; Ciubota-Rosie et al.,
2013; Toncea et al., 2013). In comparison with
rapeseed, sunflower, soybean camelina
cultivation has low agricultural inputs
requirements (Putnam et al., 1993; Zubr, 1997;
Dobre and Jurcoane, 2011 and it is more
resistant to several pests and diseases (Berti et
al., 2011; Pavlista et al., 2012).
The application of nitrogen fertilizers increases
camelina yield potential (Agegenehu and
Honermeier, 1997; Bugnarug and Borcean,
2000; Imbrea et al., 2011; Johnson and Gesch,
2013; Solis et al., 2013; Wysocki et al., 2013).

MATERIALS AND METHODS
The experiment took place in 2013 at Moara
Domneasca, Ilfov. The didactic farm Moara
Domneasca belongs to SDE Belciugatele University of Agronomic Sciences and
Veterinary Medicine of Bucharest. The soil
type is reddish preluvosoil, having loam-clay
texture. Four Camelina sativa varieties were
tested: GP 202, GP 204, Camelia (Toncea et
al., 2013) and Calena. The fertilizers applied
were represented by urea (46% N) and
superphosphate (20% P2O5). Seeding rates
were calculated before camelina sowing.
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Table 1. Research on camelina varieties time seeding and thickness
Repetition IRepetition II
Repetition III

2

2

Thickness2
Thickness 3
Thickness4
Thickness 1
Thickness3
Thickness 4
Thickness1
Thickness 2
Thickness4
Thickness 1
Thickness2

2

10.5 m

Thickness 2

10.5 m

10.5 m

Thickness 4

Thickness 3
9.5 m

42 m

10.5 m

Thickness 3
9.5 m

b1- GP 202

Thickness4
Thickness 1
Thickness2

b2 Camelia

Thickness3
Thickness 4
Thickness1
Thickness 2

Thickness 4

Thickness3

b3
Calena

Thickness2
Thickness 3
Thickness4
Thickness 1

Thickness 2

b4 - GP
204

Thickness 3
9.5 m

b1- GP 202

2.625

Thickness4
Thickness 1
Thickness2

Thickness3

b2 Camelia

2.625
2.625
2.625

Thickness3
Thickness 4
Thickness1
Thickness 2

Thickness 4

Thickness1

b3
Calena

2.625
2.625
2.625
2.625

Thickness2
Thickness 3
Thickness4
Thickness 1

Thickness1

Thickness 2

b4 - GP
204

2.625
2.625
2.625
2.625

b1- GP 202

2.625

Thickness3

b2 Camelia

2.625

b3
Calena

Thickness1

2.625

b4 - GP
204

2.625

2

Experimental factors: Factor A– The time of seeding: a1 – sowing in spring, Factor B – The variety (cultivar) b1 – GP 202; b2 –
Camelia; b3 – Calena; b4 – GP 204; Factor C– The thickness seeding

Table 2. Chemical fertilization research on camelina

Repetition
III

9m

2

9m

2

9m

2

2.62m

N0P50

N0P100

N0P150

2.62

N60

N60P50

N60P100

N60P150

2.62

N120
N180
N0

N120P50
N180P50
N0P50

N120P100
N180P100
N0P100

N120P150
N180P150
N0P150

2.62
2.62
2.62

N60
N120
N180
N0

N60P50
N120P50
N180P50
N0P50

N60P100
N120P100
N180P100
N0P100

N60P150
N120P150
N180P150
N0P150

2.62
2.62
2.62
2.62

N60
N120
N180

N60P50
N120P50
N180P50

N60P100
N120P100
N180P100

N60P150
N120P150
N180P150

2.62
2.62
2.62

36.75 m

RepetitionII

2

N0

10.50 m

Repetition I

10.50 m

9m

10.50 m

2m

Factor A– nitrogen fertilizer: a1 – N0; a2 – N60; a3 – N120; a4 – N180; Factor B– phosphorus fertilizer: b1 – P0; b2 – P50; b3 – P100; b4 –
P150

Table 3. Row distance in camelina technology
2m

RI

2m

R II

b1
b2
b3
b4
b1
b2
b3
b4
b1
b2
b3
b4

2m

R III

2m

2.625m

10.5 m

31.5 m

10.5 m

4 kg/ha
4 kg/ha
4 kg/ha
8 kg/ha
8 kg/ha
8 kg/ha
a1
12 kg/ha
12 kg/ha
12 kg/ha
12.5 cm
16 kg/ha
16 kg/ha
16 kg/ha
4 kg/ha
4 kg/ha
4 kg/ha
8 kg/ha
8 kg/ha
8 kg/ha
a2
12 kg/ha
12 kg/ha
12 kg/ha
25 cm
16 kg/ha
16 kg/ha
16 kg/ha
4 kg/ha
4 kg/ha
4 kg/ha
8 kg/ha
8 kg/ha
8 kg/ha
a3
12 kg/ha
12 kg/ha
12 kg/ha
37.5 cm
16 kg/ha
16 kg/ha
16 kg/ha
9m
9m
9m
2.625m
Factor A – Row distance: a1 – 12.5 cm; a2 – 25 cm; a3 – 37.5 cm; Factor B–Seed quantity: b1 – 4 kg/ha; b2 – 8 kg/ha; b3 – 12 kg/ha;
b4 – 16 kg/ha.

10.5 m
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of rainfall was recorded. Consequently, the
sowing was done in mid-April. The sowing
took place on 15-16 April 2013. The period
from sowing to cotyledons emergence lasted 79 days. On 29 April 2013 the plants had two
visible pairs of leaves. The plants started
flowering in mid-May. On 10 June 2013 they
still had flowers and 70% of their silicules were
already formed. Their phytosanitary condition
was good – the plants had not been attacked by
diseases and pests. No treatments were applied.
The harvest took place on 12-16 July 2013,
when the plants reached maturity. The yield
obtained was sieved in order to remove
impurities (the sieve’s holes diameter = 1.2
mm).
The observations and measurements made for
camelina crop were: emergence date, flowering
period, pests and diseases monitoring, plant
population/m2; silicules formation; plant
height; number of branches per plant; number
of silicules per plant; number of seeds per
silicule; the mass of 1000 grains weighed after
camelina harvest.

For camelina crop a conventional tillage was
used consisting of soil ploughing carried out in
autumn at a depth of 20-25 cm and disc
harrowing. Bed preparation was made in spring
using a combinatory and leveling equipment
before and after sowing. For the experiment
with chemical fertilizers application the
previous crop was maize, and for the rest, the
previous crop was wheat. The seed rate
calculation formula was: Seed rate (kg/ha) = N
௫ெெ
=
x 100 [kg/ha], where D- the planned
௫ீ
plant population value (germinable seeds/m2);
TKW- the mass of 1000 seeds; P-purity, Ggermination. The following seed rates were
used: 4 kg/ha (350 seeds/m2), 8 kg/ha (700
seeds/m2), 12 kg/ha (1050 seeds/m2), 16 kg/ha
(1400 seeds/m2). The planned plant population
value had a deviation of +/- 18-20 seeds/m2.
The row distances of 12.5 cm, 25 cm; 37.5 cm
were tested. The experiments were placed in
subdivided plots, in three replicates, as shown
in Tables 1, 2 and 3.
In March 2013 the climatic conditions were
non-favourable for sowing the camelina trials.
At the beginning of April 2013 a high amount

Table 4. Results on camelina varieties time seeding and thickness
Camelina
sativa
cultivar

Calculated
seed rate
(kg/ha)

Plant
population
/m2

Plant
height
(cm)

Branches
/ plant

Silicules
/ plant

Seed
/ silicule

TKW
(g)

GP 202

4

332

56

1.6

60

8

1

GP 202

8

512

52

3

45

11

0.9

GP 202

12

576

50

1.1

26

12

1

GP 202

16

736

63

1.5

34

11

0.9

Camelia

4

312

57

2.3

45

9

1

Camelia

8

376

57

3

50

11

0.9

Camelia

12

428

60

2.3

40

11

1

Camelia

16

448

61

1.1

33

11

0.9

1463

1239

Calena

4

392

57

2.8

40

9

0.9

Calena

8

400

58

1.3

37

10

0.8

1270
1184

1075
1009

Calena

12

436

58

2.2

35

12

0.8

1465
1171

1248
997

1102
1069

934
905

1168
1287

994
1098

Calena

16

452

57

2.6

32

9

0.9

GP 204

4

384

58

1.6

29

11

0.9

GP 204

8

400

58

2.9

27

11

1

GP 204

12

472

60

2.8

25

11

0.9

GP 204

16

520

50

1.40

25

11

0.9

The biometrical measurements were done when
the plants reached maturity. The plants were
randomly chosen from each replicate.
Estimative yield = (plant population per. m2*
number of silicula per plant*number of seed
per silicula*1000 seeds mass). The values in

Estimative
yield
(kg/ha)
1593

Yield
obtained
(kg/ha)
1351

1274
1797

1084
1523

2477
1263

2101
1076

1861
1883

1584
1599

the Tables 4, 5 and 6 for both estimative and
obtained yield are the average of the values
obtained for the three replicates. The harvest
was done using a combine designed for
demonstrative trials. After harvesting, the
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obtained yield quantity and the mass of 1000
grains were calculated.

for Camelia cultivar - 1599 kg/ha, which
corresponds to a seeding rate of 12 kg
seed/ha, i.e. a plant population of 428
harvested plants/m2;
- for Calena cultivar - 1248 kg/ha which
corresponds to a seeding rate of 12 kg
seed/ha, i.e. a plant population of 436
harvested plants/m2;
- for GP 204 cultivar - 1098 kg/ha which
corresponds to a seeding rate of 12 kg
seed/ha, i.e. a plant population of 520
harvested plants/m2;
Data analysis from Table 5, regarding the
results of chemical fertilizers applied on
camelina crop, showed that the N60P50
fertilization scheme was the best (2338 kg/ha
of conditioned seeds were obtained).
-

RESULTS AND DISCUSSIONS
Regarding the experimental plan with various
seeding rate, the results showed that at a higher
seeding rate (12 kg/ha and 16 kg/ha), the final
plant population obtained at harvest was lower
(Table 4). This was due to poor seedbed
preparation (as a consequence of heavy rains
recorded in early April 2013).
Between the estimated and obtained yield were
differences of about 15% due to losses at
harvest.
The best yields obtained were:
- for GP 202 cultivar - 2101 kg/ha which
corresponds to a seeding rate of 16 kg
seed/ha, i.e. 736 harvested plants/m2.

Table 5. Results regarding chemical fertilizers applied on camelina crop
Camelina sativa
cultivar
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia
Camelia

Factors

a 1b 1
a 2 b1
a 3 b1
a 4 b1
a 1b 2
a 2 b2
a 3 b2
a 4 b2
a 1b 3
a 2 b3
a 3 b3
a 4 b3
a 1b 4
a 2 b4
a 3 b4
a 4 b4

N0 P0
N60 P0
N120 P0
N180 P0
N0P50
N60 P50
N120P50
N180 P50
N0P100
N60P100
N120P100
N180P100
N0P150
N60P150
N120P150
N180P150

Plant
population
/m2

Silicules/
plant

Seed/
silicula

TKW(g)

360
264
640
224
356
316
392
337
252
216
345
248
444
320
400
412

32
82
42
116
78
88
64
91
36
78
76
29
56
96
63
47

12
11
9
11
10
11
11
11
9
12
10
11
9
9
12
11

0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.8
0.8
0.8
0.9
0.8
0.9
0.9
0.9
0.8

Estimative
yield (kg/ha)
1244
2143
2177
2572
2499
2753
2484
2699
653
1617
2360
1962
2014
2488
2722
1704

Yield obtained
(kg/ha)
1057
1825
1846
2183
2119
2338
2109
2289
557
1377
2009
1669
1707
2110
2309
1452

Table 6. Results regarding row distance
Camelina sativa
cultivar
Factor a
Factor b
Camelia
a1

Camelia
a2

Camelia
a3

b1
b2
b3
b4
b1
b2
b3
b4
b1
b2
b3
b4

Silicula/
Row
Seed rate Plant
plant
distance
kg/ha population
(cm)
/m2
12.5
12.5
12.5
12.5
25
25
25
25
37.5
37.5
37.5
37.5

4
8
12
16
4
8
12
16
4
8
12
16

235
272
324
460
246
268
158
302
62
88
112
128

63
62
46
32
44
61
75
31
66
74
31
32

52

Seed/
silicula

TKW (g)

Estimative
yield (kg/ha)

Yield obtained
(kg/ha)

12
10
8
9
10
10
11
9
10
8
9
9

1
1
0.8
0.9
0.9
1
1
0.8
0.8
0.8
0.9
0.8

1777
1686
954
1192
974
1635
1303
843
327
416
281
294

1502
1437
806
1015
830
1387
1103
713
279
349
233
251

Budin J., Breene W., Putman D., 1995. Some
compositional properties of C. sativa (C. sativa L.
Crantz) seeds and oils. J. Am Oil ChemSoc, 72, p.
309-315.
Bugnarug C., Borcean I., 2000. A study on the effect of
fertilizers on the crop and oil content of Camelina
sativa
L.
Lucrări
ùtiinĠifice-Agricultură,
Universitatea de ùtiinĠe Agricole si Medicina
Veterinara a Banatului, Timisoara, 32(2), p. 541-544.
Ciubota-Rosie C., Ruiz J.R., Ramos M.J. & Pérez Á.,
2013. Biodiesel from Camelina sativa - a
comprehensive characterisation. Fuel, 105, p. 572577.
Dobre P., Jurcoane S., 2011. Camelina cropopportunities for a sustainable agriculture. Scientific
Papers-Series A, Agronomy, 54, p. 420-424.
Imbrea F., Jurcoane S., Hălmajan H., Duda M., Botos L.,
2011. Camelina sativa: A new source of vegetal oils.
Romanian Biotechno-logical Letters, 16(3), p. 62636270.
Johnson J.M., Gesch R.W., 2013. Calendula and
camelina response to nitrogen fertility. Industrial
Crops and Products, 43, p. 684-691.
Pavlista A.D., Baltensperger D.D., Isbell T.A., Hergert
G.W., 2012. Comparative growth of spring-planted
canola, brown mustard and camelina. Industrial crops
and products, 36(1), p. 9-13.
Putnam D.H., Budin J.T., Field L.A., Breene W.M.,
1993. Camelina: a promising low input oilseed. inJ .
Janick and J. E. Simon, editors. New Crops. Wiley,
New York.
Solis A., Vidal I., Paulino L., Johnson B.L., Berti M.T.,
2013. Camelina seed yield response to nitrogen,
sulfur, and phosphorus fertilizer in South Central
Chile. Industrial Crops and Products, 44, p. 132-138.
Toncea I., Necseriu D., Prisecaru T., Balint L.N.,
Ghilvacs I., Popa M., 2013. The seed’s and oil
composition of Camelia-first romanian cultivar of
camelina (Camelina sativa, L. Crantz). Romanian
Biotechnological Letters, 18(5), p. 8594-8602.
Vollmann J., Moritz T., Kargl C., Baumgartner S.,
Wagentristl H., 2007. Agronomic evaluation of C.
sativa genotypes selected for seed quality
characteristics. Ind Crop Prod 26, p. 270-277.
Wysocki D.J., Chastain T.G., Schillinger W.F., Guy
S.O., Karow R.S., 2013. Camelina: seed yield
response to applied nitrogen and sulfur. Field Crops
Research, 145, p. 60-66.
Zubr J., 1997. Oil-seed crop: Camelina sativa. Industrial
Crops and Products, 6(2), p. 113-119.
Zubr J., Matthäus B., 2002. Effects of growth conditions
on fatty acids and tocopherolsin Camelina sativa oil.
Industrial crops and products, 15(2), p. 155-162.

Data analysis presented in Table 6 showed that
the best results were obtained for a1b2. For this
experimental trial the yield obtained was of
1437 kg/ha conditioned seeds.
CONCLUSIONS
The plants’ height varied with their plant
population. Thus, the plants with low plant
population were taller - and vice versa. The
tallest plant belongs to GP 202 reaching 63 cm.
The results showed that the optimal plant
population is 400 plants/m2.
The best estimated yield was obtained for GP
202 cultivar (2101 kg/ha).
Nitrogen application positively influenced the
vegetative growth of the plants and of the yield.
The N60P50 fertilization scheme was the best
(2338 kg/ha of conditioned seeds were
obtained).
The best yield potential was of 1437 kg at the
row distance of 12.5 cm and the seed rate of 8
kg/ha. Also, good results were obtained for the
seed rate of 8 kg/ha. The row distance of 37.5
cm is not recommended because it causes weed
infestation.
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Abstract
As a vast renewable energy resource, solar energy is currently one of the most widely used types of new energy. For
collecting solar energy devices based on photovoltaic (PV) cells are installed in locations with optimum exposure to
sunlight. Wind-induced load is a main concern; however detailed guidelines and design codes for wind loads on PV
solar panels are very limited. Therefore measurements were performed on a PV solar panel installed on the Mann
Parking Building of the University of Ottawa. The wind load calculation was performed in conformity with the ASCE705 (2005) and SEAOC (2013) design codes, and it was noticed that the roof wind zone, building edge and the parapet
effect were the main parameters affecting the estimated wind load value on each PV panel. The maximum wind load of
1,208.0 N was obtained on the northwest corner of the PV solar panel arrays, and the minimum wind load of 806.0 N
was obtained on the centre of PV solar panel arrays.
Keywords: wind-induced pressure, PV solar panels.

the use of nonlinear wind induced response
time history, which can account for some of the
dynamic effects that would be captured by
aeroelastic wind-tunnel testing. Aly (2013)
studied the effects of model scale on groundmounted solar panels. In this study, the authors
investigated the sensitivity of wind loads to test
ground-mounted solar panels, both in a
boundary-layer wind tunnel and by using
Computational
Fluid
Dynamics
(CFD)
simulation and they concluded that for the
scaled models, the results from CFD
simulations are more acceptable than the results
obtained from the wind tunnel test. Numerical
CFD simulations have also been attempted for
small groups of PV solar panels by Hangan et
al. (2008) and recommendations have been
formulated regarding the angle of attack and
the critical spacing between arrays of panels.
Bitsuamlak et al. (2010) compared the results
from numerical LES (Large Eddy Simulation)
analysis with wind tunnel tests for ground
mounted stand-alone and arrays of PV solar
panels and they found very small differences,
between the pressure coefficient distribution on
the middle and side panel of each row. Radu et
al. (1986) performed an experimental
investigation on the steady wind pressures on

INTRODUCTION
Exhaustible energy resources reduce gradually,
even tend to depletion and over the years this
issue became a main concern for sustainable
development. Solar energy, as a vast and
renewable energy resource, is currently one of
the most employed measures of restoring the
re-usable energy balance. The most common
method of actively collecting the solar energy
is represented by the photovoltaic (PV) solar
cells which are installed on flat panels and
these in turn are mounted on flat or inclined
building roofs or at terrestrial level.
Several damages of PV solar panels or solar
water heating systems installed on flat-roofs
have been reported by Chung et al. (2007) for
Taiwan region, where an average of 3.5
typhoons are recorded each year. Also a limited
number of studies exist focusing on the
structural analysis of the PV solar systems.
Pfahl and Uhlemann (2011) studied the wind
loads on heliostats and photovoltaic trackers at
various Reynolds numbers (Re). They
investigated the structure of a heliostat with
120 m2 mirror area. Schellenberg (2013)
studied the structural analysis and the
application of wind loads on a solar arrays by
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Photovoltaic System Committee which focuses
solely on photovoltaic solar arrays on flat roof
of low-rise buildings which includes the
characteristics of wind flow on solar
photovoltaic
panels
installed
on
the
buildings`roof. Also for determining the gust
factor and wind pressure coefficient (GCn) a
figure is recommended for solar photovoltaic
arrays on flat roof low-rise buildings
determined based on the methodology
contained in ASCE7-05 to determine the GCn
value and the wind load for solar arrays
installed on flat roofs.

solar collectors mounted on flat-roofed
medium-rise buildings. Their study was carried
out in an open jet boundary-layer wind tunnel
for a scaled model of a five-story rigid building
of apartments supporting a roof with solar
collectors mounted in simple and consecutive
rows. Chung et al. (2010) carried out an
experimental study in allow-speed wind tunnel,
to investigate the mean surface pressure
distributions and uplift force at different wind
speeds, on solar collectors mounted on flat
roofs of low rise buildings situated in typhoon
prone regions. Also wind tunnel tests have been
performed for singular PV panels (Hangan et
al., 2008) or on three parallel arrays of PV
panels (Shademan et al., 2009) and pressure
distribution, drag and lift coefficients,
overturning of middle panels and sheltering
effect caused by the primary row of panels
were investigated.
On-site measurements on PV solar panels are
very difficult to obtain especially for the upper
surface of the panels, because during their
operation obstructing equipment cannot be
installed on the upper surface bearing the
silicon cells, as this might interfere with the
collection of solar energy. Hence most of the
real scale, on-site measurements are recorded
for the back surface of the PV panels, or on the
supporting frame, and by the aid of the
formulations recommended by the designing
codes, the wind force on the upper surface of
the panel is determined.
Most of the National Building Codes do not
have a specific chapter for the PV solar panels
design guidelines, and it is understood that such
structures should follow the cladding and other
roof elements’ static design criteria. However,
technical design guidelines are under
development worldwide, and these are to be
used in conjunction with the national building
codes available in the respective region or
country. In California, US, interpretation of
regulation document from the Division of the
State Architect (DSA) is used as a resource by
the DSA staff and design professionals to
promote more uniform state wide criteria for
designing the PV solar panels. DSA stipulates
that PV solar panels and their balance-ofsystem must meet the wind force. A report was
developed by the Structural Engineers
Association of California’s (SEAOC) Solar

EXPERIMENTAL SETUP AND THE PV
SOLAR PANEL CONFIGURATION
The features of 180 watt maximum power polycrystalline PV solar panel (Figure 1) are high
conversion efficiency based on leading
innovative photovoltaic technologies, and if
properly installed it can withstand high windpressure, snow loads, and extreme temperature
variations. The geometrical dimensions of one
PV solar panel are 1.580×0.808×0.035 m
(H×W×D). The PV solar panel is installed on a
2.10×0.83×1.40 m (H×W×L) frame which
ensures a tilt angle of up to 35° (Figure 1).

Figure 1. PV Solar panel configuration and sensors
layout

The instrumentation required for measuring the
strain of the PV solar panel, which was used for
calculating the stress and then the force acting
at the specific points, is composed of a system
of 7 uniaxial and 3 biaxial strain gauges, a
AM16/32B multiplexer and a CR 1000 data
logger. An anemometer and an external
thermometer were also available at the site for
collecting weather data. The PV solar panel is
installed on the flat roof of Mann Parking
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Building of the University of Ottawa. So far,
most of the experiments presented in literature
have replaced the PV solar panels with
plywood, or plastic panels and they placed the
sensors on the centre vertical and horizontal
lines of the models, on both faces. The single
case where a real PV solar panel was
instrumented and strain gauges were placed on
the front and back surfaces of the PV panel, in
the limited space existing between the solar
cells, is reported in the current project. A total
of 13 strain gauges were placed in the centre
cross lines as follows: on the vertical direction,
three unidirectional strain gauges were placed
at equal distance of about 26.8 cm starting from
both ends and three bidirectional strain gauges
(counting as double sensors, hence 6
unidirectional strain gauges) are placed in the 3
points in the middle; on the horizontal line two
unidirectional strain gauges were installed near
the edge of the PV panel. A similar
configuration was used for the back side of the
PV panel. The strain gauges are arranged as
shown (Figure 1).
The temperature was measured every 2 minutes
between the period of November 26, 2013 and
December 10, 2013. The maximum registered
temperatures were 8.8°C for the day of Dec 6,
while the minimum temperature was recorded
as -17.6°C for Dec 1. The variation of temperature for the given period was used for
calibrating the signal recorded from the strain
gauges.
Wind data was collected for the direction of the
wind speed, maximum and average values
(Figures 2 a, b) and for the intensity of the wind
speed, minimum, maximum and average
values, only the maximum values being
reported in Figure 3. The North direction was
considered as 0° angle for the wind speed
direction. From measurements it was noticed
that there were two main wind directions: the
first wind direction was mostly between 340°
and 350°, so it means that the wind speed
approached the PV panel from the northwest
direction. The second dominant wind direction
was mostly between 100° and 150°, which is
equivalent to the wind speed approaching the
PV panel from the southeast direction. The PV
solar panel orientation installed on the flat roof
was set as north-south.

Figure 2. Wind speed direction for the Nov-Dec 2013
period: a) average values, b) maximum values

The wind speed intensity for the Nov-Dec 2013
period varied between the highest values of 7.9
m/s on Nov 28, 8.0 m/s on Dec 5, 8.9 m/s on
Dec 10 and lowest values of 0 m/s. The negative values of the wind speed are considered as
positive values, but for a different wind
direction, hence the data doesn’t contain values
below the x axis. Also because the critical
response of the PV solar panel was of interest,
the focus was mainly on the maximum
recorded values.

Figure 3. Maximum wind speed direction for the
Nov-Dec 2013 period

MEASUREMENTS RESULTS
Calibration of data was required in order to
account for several factors, such as temperature
effect upon the length of the wire, resistance
induced by the lead wire and the gauge factor
induced by the sensor - wire attachments. The
influence of temperature variation of lead wires
is represented by:
ɂ ൌ 

 ݎή  ܮή ߙ ή οܶ
ሺͳሻ
ܭሺܴ   ݎή ܮሻ

Where ɂ is thermal output of lead
wires,ݎistotal resistance per meter of lead
wires (ȍ/m), ܮis the length of lead wires (m),
ߙ represents the temperature coefficient of
resistance of lead wires (copper wire 3.9×1056

3

lower and upper edges of the PV panel
respectively, are the highest when compared
with the rest of the sensors. The maximum
stress on sensor 11 is very close to sensors 4
and 13. The stresses on sensor 5 and 6 are
larger than sensor 9 and 10. Sensor 8 and
sensor 9 almost have the same stresses

/ćis used),οܶ istemperature variation, ܭis
the gauge factor and ܴ is the gauge resistance.
Also the gauge factor correction due to the lead
wire attachment was determined by:
ܭ ൌ

ܴ
ܴ

ή

ή ܭሺʹሻ

ଶ

Where ܭ is thecorrected gauge factor.
Sensors were placed on the vertical and
horizontal centrelines of the PV solar panel on
both front and back surfaces. Three biaxial
sensors were used for the middle points of the
vertical line, in order to capture the stress in
both transversal and longitudinal direction. The
upper and lower edges were also instrumented
each with 3 uniaxial strain gauge sensors;
however the sensors at the superior part of the
panel were lost due to harsh winter conditions.
For each face of the PV solar panel a total of 13
sensors (7 uniaxial strain gauges and 3 biaxial
strain gauges, each counting as a double
sensor) remained in place (Figure 4). The strain
data collected directly from the uniaxial and
from the biaxial strain gauges cannot be
interpreted directly and it must be converted
into stress.

Stress
σ (Pa)

Stress
σ (Pa)

Stress
σ (Pa)

Figure 5. Stress data at selected locations on the front
surface of the PV panel

Figure 6 shows the stress distribution on back
surface of the PV solar panel; there are is some
discrepancy between the results measured on
the two surfaces. Sensor 7 in the middle of the
panel has the highest values for maximum and
minimum stress; rather, sensor 1, on the
horizontal line, near the lower edge of the
panel, has the lowest maximum stress and
minimum stress. The stresses recorded by
sensor 3 are slightly higher than the stresses
from sensor 2, both located on the lower edge
of the panel, in the corner and in the middle of
the horizontal line, respectively. The stresses
on sensor 4 and sensor 13, located on the
vertical line, on both sides of the middle point
of the panel, have the lowest stresses when
compared with the rest of the sensors. The
maximum stress measured on sensor 12 is very
close to the stress on sensor 11, both on the
middle horizontal line, near the lateral edges of
the panel.

Figure 4. Strain gauges sensors location

Figure 5 shows the distribution of stress on the
front surface of the PV Solar Panel. It
illustrates that sensor 1, located at the lower
corner of the PV panel, has the highest
maximum stress and minimum stress, hence the
highest stress variation; rather, sensor 7, at the
middle of the PV panel has the lowest
maximum stress and minimum stress. Also was
noticed that the stresses recorded by sensor 2
are slightly higher than the ones from sensor 3,
both located on the lower horizontal line of the
PV panel. The stresses from sensor 4 and
sensor 13, along the vertical line, near the
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0.071m2. The average forces on every patch are
shown in Figure 7 while the sensors’ location is
shown in Figure 4. For the areas where no
forces are shown, no sensor was placed, or the
sensors were lost due to the weather conditions.
The average force on the front surface of PV
solar panel 967.207 N and the average force on
the back surface of PV solar panel was 996.465
N.

Stress
σ (Pa)

Stress
σ (Pa)

DESIGN CODE RECOMMENDATIONS
FOR PV SOLAR PANELS
The current project focused on instrumenting
and measuring the wind-induced pressures and
forces for a singular PV solar panel, results
which will be used for calibrating larger models
and bigger cluster arrangements of PV solar
panels. It is not probable to have installation of
such
stand-alone
panels
for
current
applications; hence the design guidelines
always provide the recommendation for
multiple arrays of PV solar panels.
The SEAOC (2013) design specifications
divide the roof into 3 zones: interior zone, edge
zone, and corner zone. If solar panels are
mounted on the roof, the corner zones have
much higher wind induced pressure than on the
roof itself. As the height above the roof or
length of the module increases, the wind loads
increase. In order to make the figure fit most
solar photovoltaic installations, the maximum
height above the roof surface (h2) for solar
modules should be limited to 4 feet and the
length (lp) should be limited to 6 feet 8 inches;
the height of the gap between the modules and
the roof surface (h1) should not exceed 2 feet to
prevent creation of excessive uplift. A
reduction factor, Ȗc (0.8~1.0), is used for
reducing the wind loads for shorter modules,
which applies only to the higher tilt angle (ω =
15° to 35°). If there are parapets on the roof, it
worsens the wind loads on solar modules, so
that the codes limit the parapet height to 4 feet
unless the GCn values are increased by a 1.3
factor. For considering low-rise buildings,
ASCE7-05 reports standardized graphs
representing the wind pressure coefficients
GCn as function of the normalized wind area
which is different than the effective wind area.
15 feet is set as a lower limit on the height of
building, and GCn values are not limited at

Stress
σ (Pa)

Figure 6. Stress data at selected locations
on the back surface of the PV panel

The stresses on sensor 5 and 6 (biaxial sensor),
on the vertical middle line, representing
stresses on both longitudinal and transversal
axes of the panel, are lower than the stresses
from sensor 9 and 10 representing stresses on
the same two directions, but on the superior
part of the vertical line. Sensor 8 and sensor 9
still have almost the same stresses.

Figure 7. Distribution of average force (N) on the PV
solar panela) front surface b) back surface

In order to investigate the distribution of force
on both sides, the panel is divided in 18 equal
patches on which the sensors are placed and
these are considered as the sensor(s) as
tributary area. The area of each patch is
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normalized wind areas of less than 1.
According to the wind tunnel data, there is not
a linear relationship between the GCn values
and the panel tilt angle over the full tilt angle
range. Hence two GCn curves are created to
illustrate the phenomenon. There is a small
change in GCn values for lower tilt modules in
the 1° to 5° range and for higher tilt modules in
the 15° to 35° range.
The calculation of the wind induced forces
performed considering several scenarios of a
single PV panel placed in the following
locations as shown in Figure 8.
Location 1: panel is located in Zone 3 of the
roof and in the centre of the PV panel array.
Location 2: panel is located in Zone 3 of the
roof and in the Northeast corner of the PV
panel array.
Location 3: panel is located in Zone 3 of the
roof and in the Northwest corner of the PV
panel array.
Location 4: Panel is located in Zone 2 of the
roof and in the Southwest corner of the PV
panel array.
Location 5: Panel is located in Zone 2 of the
roof and in the Southeast corner of the PV
panel array.

The PV panels’ array geometry and the
building dimensions are considered within the
limits recommended by the ASCE7-05 hence
the required minimum air gaps around each PV
module are provided. Also the dimensional
requirement is fulfilled since none of the arrays
of PV panels are closer than 4 feet from any
roof edge. The area for the PV panel was
determined as:
୮୴ ൌ ͲǤͷඥ

(4)

If the value of apv is higher than h, then a
maximum value of 20 feet should be used, apv =
30 feet was determined in the current study
therefore in the calculation pv = 20 feet was
used. For determining the roof zones where the
panels are located, the condition of 2apv=40ft is
considered for roof zone 2 and 3 setbacks.
Panels located beyond 40 ft setback are in roof
zone 1. For the current study, roof zone 0 is
applicable, since no condition exists where a
setback is higher than 5apv=100 feet.
The average load distributed along the panel
will be transferred to the fasteners connecting
the panel to the frame. The effective wind area
(A) estimated for each of a module fastener is:
ͳ
 ൌ  ൈ ୮ ୫୭ୢ୳୪ୣ ሺͷሻ
Ͷ
For selecting the pressure coefficient GCn as
recommended by the ASCE7-05, design code,
the normalized wind speed area was
determined as:
ͳͲͲͲ

୬ ൌ ቌ

ଶ ቍሺሻ

ቀ൫୮୴ ǡ ͳͷ൯ቁ

Figure 8. PV panels location
on the flat-roof (SEAOC, 2013)

The pressure coefficient for each roof zone
were read from the tables provided in ASCE705, based on A = 3.23 feet2, An = 8.0 and are
represented in Table 1.

To convert the allowable stress design wind
loads to the ASCE7-05 Design Code,
multiplying the estimated wind loads by a
safety factor of 0.6 was considered. The
calculation was carried out in imperial unit
systems, because some of the non-dimensional
factors recommended in the ASCE7-05 code
are applicable only to the ft-lb unit systems.
Final values are converted to the international
unit system.

Table 1. Pressure coefficient GCn
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Roof Zone
1

0°~15°
1.12

15°~35°
1.52

(15°~35°)*Ȗc
1.38

2

1.48

2.15

1.95

3

1.70

2.60

2.36

and wind load. All the forces and net pressure
coefficients of Location 2 are very close to the
ones from Location 4 and 5.

The chord length adjustment factor (Ȗc) for the
GCnat higher tilt angles of 15°Ȧ35° is
obtained by interpolating Ȗc = 0.6+0.06 × lp
=0.6+0.06×(5.18 ft2). The interpolation results
for all the roof zones are detailed in Table 2.

Table 3. The Calculation of (GCn) net values and
The Maximum Wind Load on Each Panel

Table 2. Chord length adjustment factor (Ȗc)
Ȧ
0ι~1
5ι
0ι~1
5ι
15ι~
35ι
15ι~
35ι

Roof Zone

ܣ

3

2

1

1-500

-0.66log(An)+2.3

-0.57log(An)+2.0

-0.42log(An)+1.5

5005000

-0.35log(An)+1.44

-0.3log(An)+1.26

-0.25log(An)+1.0

1-500

-1.0log(An)+3.50

0.83log(An)+2.90

-0.53log(An)+2.0

5005000

-0.3log(An)+1.61

-0.25log(An)+1.3

-0.25log(An)+1.2

The edge factor (E) was determined
considering the characteristic height:
hc = min(h1,1ft) + lpsinȦ

(GCn)net p=qh(GCn)net
F=P*A
GCn*Ȗc =ȖpE(G
(N) LRFD
Cn*Ȗc) LRFD (ASD)
(N/m2) (N/m2)

Loc

E

Roof
Zone

1

1

3

2.36

2.36

56

34

806

2

1.13

3

2.36

2.67

63

38

910

3

1.5

3

2.36

3.54

84

50

1208

4

1.5

2

1.95

2.925

69

42

998

5

1.5

2

1.95

2.925

69

42

998

Location 1 had the minimum net pressure
coefficient, LRFD pressure value and the
minimum wind load of 806 N acting on the PV
panel.

(7)

Where hc = 3.09 feet, except when evaluating a
panel toward a building edge unobstructed by
panels, then hc = 0.1apv. Also hc = 2.0 feet when
evaluating E for a building roof with PV panels
unobstructed by the edge. The parapet height
factor (Ȗp) was considered Ȗp =1.0, since hpt<4
feet. The calculation of GCn is provided in
Table 3 for different locations of the PV panel
inside the array and for the corresponding roof
regions.
To complete the calculation of the maximum
wind load on each PV module fastener to the
supporting racking system, the wind velocity
pressure (qh) must be determined based on the
ASCE 7-05, Equation 29.3-1:

CONCLUSIONS
Based
on
the
calculation
procedure
recommended by the SEAOC (2013) design
code, the maximum wind load on the PV solar
panels mounted on the flat roofs is obtained
based on a method similar to that contained in
ASCE7-05. From the calculation performed in
the current study, there are two main
parameters to influence the value of wind load
on each PV panel, namely the roof zone and the
building edge with parapet effect. The
sheltering effect is significant on Location 1
which is in the centre of the array.
From the on-site measurements performed on a
singular panel installed on the roof of Mann
Parking Building at University of Ottawa, the
highest wind - induced stresses are on the lower
edge of the PV panel and the lowest stresses are
on middle point of the front surface of the PV
solar panel; however, for the back surface of
the PV panel the opposite situation was
noticed, the highest stresses are in the middle of
the panel, and the lowest stresses are on the
lower edge of the back surface of the PV solar
panel. In general, for the front surface, the
sensors which are on the edge of PV solar panel
are subjected to higher stresses than the sensors
on the centre of PV solar panel; rather, the
sensors on edge of the back surface are

qh= 0.00256KzKztKdV2 (8)
Where the exposure coefficient at 20 feet was
Kz= 0.9 (ASCE 7-05), Kzt = 1.0, Kd = 0.85
(ASCE 7-05, Table 2 6.6-1). For a wind speed
corresponding to Ottawa region of V = 110
mph, a velocity pressure of qh = 23.70 lbs/ft2
was determined.
As per the calculation of the final forces
presented in Table 3, was noticed that the
Location 3 has the maximum net pressure
coefficient, and LRFD pressure value and the
maximum wind load 1.208 N is acting on it.
Location 4 and 5 have the same edge factor, net
pressure coefficient, and LRFD pressure value
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California Structural Engineers Association, 2013. Wind
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Flat Roofs.
Chung K., Chang K., Liu Y., 2008. Reduction of wind
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Eng. and Ind. Aerod., Vol. 96, p. 1294-1306.
Chung K., Chang, K., Liu Y., 2008. Reduction of wind
uplift of a solar collector model. Taiwan.
Chung Keh-Chin Chang, Chin-Cheng Chou, 2010. Wind
loads on residential and large scale solar collector
models.
Hangan H., 2010. A study of wind effects for solar
power products panel mount system. Report BLWTSS8-2010, Alan G. Davenport Wind Engineering
Group.
Maffei J., Telleen K., Ward R., 2012. Wind Design
Practice and Recommendations for Solar Arrays on
Low-Slope Roofs.
Pfahl A., Uhlemann H., 2011. Wind loads on heliostats
and photovoltaic trackers at various Reynolds
numbers. Journal of Wind Eng. and Ind. Aerod., Vol.
99, p. 964-968.
Pratt R.N., 2012. Wind Field Measurements Around
Photovoltaic Panel Arrays Mounted on Large Flatroofs.
Radu A., Axinte E., and Theohari C., 1986. Steady wind
pressures on solar collectors on flat-roofed buildings.
SEAOC, 2013. Solar Photovoltaic Systems, Wind design
for low-profile solar photovoltaic arrays on flat roofs.
Schellenberg A., Maffei J. and Tell K., 2013. Structural
analysis and application of wind loads to solar arrays.
Jornal of Wind Eng. and Ind. Aero. (in Press).
Shademan M., Hangan H., 2009. Wind Loading on Solar
Panels at Different Inclination Angles. in Proceedings
of 11th Americas Conference on Wind Engineering,
San Juan, Puerto Rico.
Shademan M. and Hangan H., 2010. Wind loading on
solar panels at different azimuthal and inclination
angles. in Proc. of The Fifth International
Symposium on Computational Wind Engineering,
Chapel Hill, North Carolina, USA, May, p. 23-27.
Wang Ying-Ge, Li Zheng-Nong, Gong Bo, Li QiuSheng, 2008. Time-domain analysis on wind-induced
dynamic response of heliostat.

sheltered by the frame so that the stresses
acting on them are lower than the sensor which
are on the centre lines.
The average force on the experimental PV solar
panel is very close to the average force on the
location 4 and 5 determined as per the design
code recommendations; however, these are not
in the same roof zone. The experimental PV
panel and the location 2 have the same position
on each roof. Both of them are in zone 3 which
is the corner of roof and next to the parapets,
and the average force on location 2 is 910 N
which is slightly smaller than the experimental
one. This shows that the zone of the roof and
the parapets affect the estimation of the wind
load on the solar panel.
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Abstract
Listeria monocytogenes is a challenging problem still associated with traditional raw milk cheese manufacturing, as it
can contaminate milk at reception but it can also occur at later production stages. A model HACCP plan was developed
for L. monocytogenes hazard, associated with raw milk cheese production in a local artisanal type manufacturing
facility. Ripening was identified as CCP. Critical limits were set considering previous scientific findings related to L.
monocytogenes development and fluctuations in such cheeses. The prerequisite programs and the management of the
established control system for L. monocytogenes were designed in such manner as to allow the artisanal production by
traditional means and to ensure the safety of the final product.
Keywords: Listeria monocytogenes, raw milk cheese, HACCP plan.

2011). Nevertheless, finding the most effective
control measure for the management of Listeria
spp. hazard is still considered challenging for
artisanal and traditional raw milk cheese
manufacturing, as appropriate control generally
interferes with the design, arrangement and
facilities of pastoral complexes and the
handcrafted manufacturing technology of such
products (Nicolaescu, 2008; Nicolaescu et al.,
2007).
This study aimed to develop a model HACCP
plan for L. monocytogenes for raw milk
artisanal cheese manufacturing process that
would be suitable for an efficient hazard
control considering the specific production
methods used in small, traditional facilities.

INTRODUCTION
According to Codex Alimentarius Food
Hygiene Basic Texts, Hazard Analysis and
Critical Control Points (HACCP) is a system
that identifies, evaluates and controls hazards
that are significant for food safety. The same
document states that a HACCP plan is the
document prepared in accordance with the
principles of HACCP to ensure control of
significant food safety hazards in the segment
of the food chain under consideration (Codex
Alimentarius, 2009).
Listeria monocytogenes is a well-known
significant food safety hazard for which there is
extensive literature data regarding surveillance,
outbreak and control in food industry
(FDA/USDA, 2003). Occurrence of L.
monocytogenes in raw milk and milk products
is common and widely documented (Eck et al.,
2000; Amezquita et al., 2004; Mohammad
Mehdi
Mahmoodi,
2010).
Therefore,
scientifically supported control measures
within the HACCP plan have grown to be
considered the main instrument of Listeria spp.
hazard management, especially for raw milk
commodities (Augustin et al., 2005; Beaufort,

MATERIALS AND METHODS
In order to develop a HACCP plan for the
control of L. monocytogenes hazard in a small,
artisanal raw milk cheese manufacturing
facility, the Codex Alimentarius (FAO, 1997)
basic recommended steps were followed as
means for implementing a food safety
management tailored plan based on HACCP
system principles:
62

ĺ Conduct a hazard analysis (HA),
ĺ Identify the critical control points
(CCP) using the decision tree diagram
tool (Figure 1),
ĺ Establish the critical limits (CL),
ĺ Monitor all CCP’s,
ĺ Establish the corrective actions,
ĺ Establish verification procedures and
ĺ Establish a record keeping system.
The plan was developed for a private milk
processing station. The process considered for
the development of a tailored food safety
management system was the manufacturing of
a traditional kneaded cheese, made of a mixture
of cow’s and ewe’s milk, called burduf.
The
process
follows
the
traditional
manufacturing methodology and is tailored for
the facility and the available equipment.
Microbiological, chemical and physical
parameters used to describe the product were
analyzed according to previously described
methods (Nicolaescu, 2008).
Appropriate control measures were developed
for the identified CCP in order to keep the
involved parameters inside the critical range of
limits. Also, verification and record systems
were established in order to assess the
effectiveness and prove the Listeria spp.
hazard-free condition of all finished products.

RESULTS AND DISCUSSIONS
Before proceeding with the development of a
HACCP plan, the preliminary tasks were
followed in a logical sequence pending the
food safety system implementation for Listeria
monocytogenes control:
1. A
multidisciplinary
team
was
established using internal and external
resources.
2. The product was described using data
from former analysis reports and
verification analysis bulletins for 20
samples of burduf cheese, individually
packaged using fir bark, pork bladder or
artificial
membrane.
Product
description and the intended use
specification tasks were fulfilled by the
HACCP team and the producer. The
product
characteristics
regarding
chemical composition and physical
properties relevant for the growth of
most bacteria are detailed in Table 1.
3. The flow diagram developed by the
producer was verified on site and
necessary details were added for
relevance and transparency (Figure 2).
The finished product is a soft, creamy,
powerfully flavoured cheese, packaged
in either natural/artificial membrane or
in fir bark.
Table 1. Product composition (average values at
membrane filling)
Parameter
pH
TA (titratable acidity)
% H2O
aw (water activity)
% NaCl
% protein
Fat/dry content, %
*estimated according to Raoult’s Law
2011)

Value
5.3
187
47.5
0.959*
2.03
24.3
52.6
(Grummer et al.,

The prerequisite programs (PRPs). The
producer follows basic and standard good
manufacturing and hygiene practices (GMPs
and GHPs) and a number of standard
operational procedures (SOPs) were available
for employee’s to use in daily operations.

Figure 1. Decision tree diagram for CCPs (FAO, 1997)
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contamination but no positive results were
obtained.
Hazard analysis and hazard control
measures are detailed below and listed in
Table 2.
1. Reception. 32% of the raw milk
samples taken in a 30 days period of
time tested positive for Listeria spp. At
reception, milk was not tested from
individual producers, due to the fact
that the facility received collection
milk, as well as milk from individual
producers. Therefore milk reception
was considered a point in the process
flow that requires control for Listeria
spp. hazard and was considered for
determination of critical control point
(CCP) status.
2. All stages from reception to storage
of final product are under risk of
contaminating the product if not
properly sanitized. Appropriate PRPs
may cover this aspect, but the
mentioned deviations remain a problem
to be addressed.
3. No sufficient heating is used in the
process; therefore no listericidal
processing step is available for the
control
of
Listeria
spp.
microbiological hazard. Scientific
literature indicates that pasteurization at
71-720C for 15 seconds would be
enough
to
eliminate
Listeria
monocytogenes. Yet, traditional cheese
manufacturing assumes using raw milk
as prime material, therefore other
control measures must be considered to
eliminate this hazard or to reduce the
risk to the safety level.
4. Ripening is an important stage in raw
milk cheese manufacturing, as many
sensory features are connected to the
ripening conditions and time. In
addition, ripening was proven to be an
important tool for Listeria spp.
elimination from cheeses (Eck et al.,
2000).
5. Storing, as well as most processing
and handling steps, may be considered
as a potential contamination step
considering the risk of Listeria spp.
presence in the environment. Yet, the

Milk reception (cow’s and ewe’s milk)

Slight heating (30-35°C)

Milk curding

Continuous homogenization

Curd formation with linen cloth

Placing the wrapped curd inside vessel

Pressing and twist-

Curd breaking into

Pressing and twist-squeezing 2

Curd breaking into pieces 2

Pressing and twist-squeezing

Curd breaking into pieces 3

Pressing (2-3 hours)

Curd resting (24 hours)

Ripening (7-14 days)

Crust removing and grinding

Kneading and salting

Bladder filling

Artificial membrane filling

Fir bark filling

Storing

Figure 2. Diagram flow for “burduf cheese”

Nevertheless, numerous deviations were
noticed when comparing the PRPs in place
with the requirements of ISO/TS 220021:2009:
¾ 4.3. No controlled access inside facility
areas.
¾ 5.2.
No
cross-contamination-free
interior design for employee and
product traffic.
¾ 6.1. Water supply from potable source
but not monitored inside facility.
¾ 8.2. The hygienic design of equipment
not available for all items: extensive use
of fir wood for surfaces in storage,
ripening and processing areas.
¾ 9.2. No available monitoring system for
suppliers.
¾ 10.2d) no logical traffic of employees
and equipment for cross/contamination
prevention and 10.2e) no controlled air
pressure between contaminated and non
contaminated areas.
¾ 15. No recall procedures
¾ 18. No food defense procedures.
The working surfaces, equipment and shelves
in storage areas were tested for Listeria spp.
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(2000), Listeria spp. can grow at 10% NaCl.
Due to specific product chemical features
(Table 1), pH and water activity cannot be
controlled down to the required levels for
safety. Therefore, raw milk quality monitoring
and appropriate GMPs and GHPs for adequate
sanitation during processing remain on top of
the list of control measures that may be
selected
for
the
considered
process.
Nevertheless, as previously stated, monitoring
raw milk for Listeria spp. is hard to accomplish
because it assumes intensive financial resource
investment, milk is collected from multiple
sources, samples from private producers are
intensively contaminated and an adequate local
producers’ selection is difficult.
Regarding time-temperature control for food
safety at storage, this is a valid control measure
for Listeria spp. growth prevention, but
according to recent studies, it may be more that
just that. Recent studies proved that despite the
rise of pH in cheeses during ripening, which
would be favorable for the growth of Listeria
spp., traditional raw milk cheeses reveal a
significant descending shift in the level of
listeric contamination after the ripening period.
When the ripening period is long enough,
contaminated cheeses become Listeria spp.free. Our previous studies associated the
natural loss of Listeria monocytogenes with the
bacterial competition between Listeria spp. and
Lactobacillus spp. (Nicolaescu et al., 2007).
Other authors also indicate ripening as a
potential control measure for Listeria spp. in
Camembert cheese (Eck et al., 2000) or raw
milk hard cheeses (Rodriguez et al., 2001),
some suggesting that the inhibitory effect
occurs due to the competition with bacteria
belonging to a balanced natural ecosystem
(Brasca et al., 2004) or to bacteria of wood
shelves biofilm (Mariani et al., 2008).
The results of our previous research, regarding
a 90 days ripening period necessary for Listeria
elimination from raw milk cheeses (Nicolaescu
et al., 2007) are consistent with other reports
such as the study of Pirisi et al. (2008), which
indicates the elimination of Listeria
monocytogenes in PDO Pecorino Romano
cheese, after 90 days of ripening.
Critical control points (CCPs) were searched
for every step in the diagram flow using the
decision tree diagram (Figure 1).

risk is low due to the packaging
solutions for the cheese considered
(natural or artificial membrane, or fir
bark cylinders). Moreover, hazard
control for this step is covered by PRPs.
The control measures indicated by scientifically
based data include (CAC/GL 61-2007; Codex
Alimentarius, 2009):
ĺ Listericidal processes applied in cheese
manufacturing,
such
as
milk
pasteurization or sterilization prior to
curding, should be validated to ensure
that the treatments are effective and can
be applied consistently. Yet, for the
cheese considered in this study, no
heating is accepted above the limit of
350C, because of the traditional feature
of the recipe.
ĺ Single or combination parameters, such
as a pH less than 4.4, a water activity
less than 0.92 or freezing, may be
relied
upon
to
prevent
L.
monocytogenes growth. However,
average values of pH and aw (Table 1)
place this product outside the limit
range of possible prevention.
ĺ The
storage
step
requires
time/temperature combination control.
According to Codex Alimentarius
guidelines, the product temperature
should not exceed 60C (preferably 240C), while monitoring and controlling
refrigerated storage temperatures are
key control measures.
ĺ Literature indicates additional control
measures that limit Listeria spp.
growth, such as freezing the product,
shortening the shelf-life, reformulation
of the product.
ĺ When necessary and applicable,
alternative post-packaging listericidal
treatment options are available for
controlling this hazard: heating, highpressure
treatment,
irradiation.
Unfortunately, the nature of the
packaging materials of burduf cheese
prevents us from applying these
controls.
Critical control points (CCPs) and Critical
limits. Elevated temperatures or sodium
chloride levels are not applicable for Listeria
spp. hazard control. According to Eck et al.
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Reception of milk, ripening and storing were
considered for evaluation to decide if they may
be critical control points for Listeria
monocytogenes.
Raw milk quality may be controlled through
adequate PRPs concerning supplier selection
and monitoring. No control was considered
necessary at this step for food safety, because
there is no achievable method of elimination,
due to the specific conditions necessary for
processing (no pasteurization allowed).
Moreover, there is a further step in the diagram
that allows hazard control.
Ripening was considered to be a critical control
point (CCP1) because it does prevent the
growth of Listeria monocytogenes or reduces to
a safety level the risk of listeric proliferation in
cheese.
Storage was also considered to be a critical
control point (CCP2), because contamination
could increase to unacceptable levels or remain
to unacceptable levels if time-temperature
levels are not followed. A new, simplified
diagram flow, including information on the
CCPs was developed (Figure 3).
The
HACCP
team
considered
these
correlations and set up as critical limits:
ĺ CCP1 - Ripening: temperature of
maximum 60C for the period of 7-14
days required prior to the following
steps of grind removing, salting,
grinding and membrane filling.
Maintaining this temperature limit
would prevent Listeria monocytogenes
growth in the environment considered
otherwise favorable: pH = 5.3 (greater
that the minimum limit of 4.4), aw =
0.95 (greater than 0.92).
ĺ CCP2 – Storing: temperature of
maximum 60C, for minimum 90 days
prior to delivery, to assure the second
ripening (according to the process
diagram flow).
It is important to maintain the minimum
ripening time and to assure that the
maximum temperature is consistently
observed through ripening and storage. The
HACCP master plan is presented as
described, in Table 3.

Milk reception (cow’s and ewe’s
milk)

Slight heating (30-35°C)

Milk curding

Curd formation and resting (24

CCP 1

RIPENING (4-6ƕC for 7-14

Crust removing and grinding

Kneading and salting

Packaging (membranes or fir bark)

CCP 2

STORING (4-6ƕC for 90 days)

Delivery

Figure 3. Modified flow diagram “burduf cheese”, with
critical control points

Verification. Visual inspections are to be
performed on a regular basis by the employees,
to assure the SOPs covering the basic GHPs are
followed consistently throughout the process.
An initial verification was performed for all
batches of product before delivery, for 3
months. All analyzed samples were free from
Listeria monocytogenes.
On a regular basis (depending on the
production),
and
whenever
considered
necessary, samples of the final product are to
be taken for Listeria spp. analysis. The food
safety outcome is to be considered no Listeria
monocytogenes contamination in final product.
Validation. Initial validation of this HACCP
plan was performed to determine its
effectiveness
to
keep
the
Listeria
monocytogenes hazard to the established level.
In addition, systematic revalidations are to be
performed, following these steps:
ĺ review the HACCP plan;
ĺ verify records of CCPs’ monitoring,
critical limits observing, deviations
registered,
corrective
actions
performed;
ĺ verify the final product by random
sampling and analysis for Listeria
monocytogenes.
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identified deviation of the PRPs, according to
ISO/TS 22002-1:2009. The management full
commitment, complete awareness and training
of personnel and continuous verification of the
new plan for food safety management are
crucial for guaranteeing final product safety.

CONCLUSIONS
The HACCP plan developed for L.
monocytogenes, based on a new, simplified
diagram flow for burduf cheese manufacturing,
is focused on two CCPs. The effectiveness of
the plan relies upon the correction of eight

Table 2. Listeria monocytogenes hazard analysis, control measures and hazard control at control points and
critical control points
Activities

Risk of
occurence

Reception of mixture of cow’s
and ewe’s milk from private
producers

High

Heating

Heating to maximum 350C

Low

Curding

Addition of rennet

Low

Process
Reception

Curd
formation

Curd colleting and cheese
formation
Resting and ripening for 7-14
days at max. 60C

Ripening
Grinding

Crust removing and grinding

Kneading and
salting

Kneading by hand and salting
the curd
Filling natural /artificial
membranes of fir bark
cylinders

Packaging

Storing

Ripening for at least 90 days at
max. 660C

Control measures

PRP*/CCP
PRP-chapter 9

Controlled by PRPs and
subsequent steps

Low
Not exceeding the temperature
of 60C

High
High
High

Controlled by PRPs and
subsequent steps

PRP-chapters 8,
10.2, 11, 13
PRP-chapters 8,
10.2, 11, 13
PRP-chapters 8,
10.2, 11, 13
CCP1
PRP-chapters 8,
10.2, 11, 13
PRP-chapters 8,
10.2, 11, 13
PRP-chapters 8,
10.2, 11, 13

High
No deliveries allowed before
90 days ripening. No
exceeding 60C.

High

CCP2

*According to ISO/TS 22002-1:2009 requirements.

Table 3. HACCP Master plan for Listeria monocytogenes hazard in raw milk cheese burduf
CCPs

Critical
limits

Monitoring

Corective actions

Verification

HACCP records

CCP1

Maximum
60C

Temperature
control

Maintenance of
refrigeration system in
case of malfunction

Temperature check

Maintenance and
performance records;

Temperature
control
Number of
ripening days

Maintenance of
refrigeration system in
case of malfunction
Zero tolerance for
cheeses younger than 90
days

Temperature check
Verification of labeling,
stock rotation and ripening
age at delivery
Random sampling of final
product for Listeria
monocytogenes

Maintenance record
Batch record
Storage record
Delivery record
Analysis bulletin for
Listeria
monocytogenes

Maximum
60C
CCP2
Minimum
90 days

Augustin J.C., Zuliani V., Cornu M. and Guillier L.,
2005. Growth rate and growth probability of
Listeria monocytogenesin dairy, meat and seafood
products in suboptimal conditions. J. Appl.
Microbiol. 99, p. 1019-1042.
Beaufort A., 2011. The determination of ready-to-eat
foods into Listeria monocytogenes growth and no
growth categories by challenge tests. Food Control
22, p. 1498-1502.
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Abstract
By Real-Time PCR technique, the existence of polymorphism at the level of PrP gene (associated with susceptibility to
scrapie) has been revealed in Botosani Karakul sheep. Practically, the polymorphism was analyzed at codons 136, 154
and 171. Among the five alleles (ARR, ARQ, AHQ, ARH and VRQ) incriminated in association with this disease in ovine
species, only three of them were found in the Botosani Karakul breed determining the phenotypic expression of all six
possible genotypes. The most common allele is ARQ (56.10%); the incidence of allele ARR (38.21%) is considerable,
and the allele ARH has a low prevalence (5.69%). The most frequent genotype is ARQ/ARQ (47.97%), followed by
genotype ARR/ARR (26.83%); the genotypes ARR/ARQ (14.63%) and ARR/ARH (8.13%) record moderate or relatively
low frequencies, the other two genotypes (ARO/ARH = 1.63% and ARH/ARH = 0.81%) being met rarely in the population.
The distributions of genotypes at the PrP locus make the total homozygosity (75.61%) to be well represented compared
to the total heterozygosity (24.39%). In the Botosani Karakul breed, major discrepancies were observed between the
empirical frequencies and those estimated, so that we witness a very significant genetic disequilibrium Hardy-Weinberg
at the PrP locus. In the Botosani Karakul sheep, the prion genotypes that are associated in the highest degree with
scrapie are completely absent (classes of risk R4 and R5). Thus, all individuals are resistant to scrapie (50%) (classes
of risk R1) or have a low risk of contracting the disease (50%) (class of risk R3). This association represents a notable
selective advantage of Botosani Karakul sheep compared to all other autochthonous or foreign sheep breeds.
Keywords: Botosani Karakul sheep, prion, scrapie, TSEs.

located in the gray matter of the central nervous
system and consist of a vacuolar degeneration
and sponginess of the neurons. From the
epidemiological point of view, these diseases
evolve sporadically, sometimes epizootic; they
are transmissible, but have a pronounced
hereditary component (Petit and BoucrautBaralon, 1992; Hunter, 1999; Somerville, 2002).
Such an entity with the role of transmissible
infectious agent was named prion being
composed of a protein with misfolded structure.
This is the central idea of the Prion Hypothesis
which remains in debate. Structurally, this
particle can be in contrast to all other known
infectious agents (viruses, bacteria, fungus,
parasites) which contain obligatorily nucleic
acids (either DNA, RNA, or both). Concept of
prion, introduced in 1982 by Stanley B. Prusiner,

INTRODUCTION
One of the most fascinating areas of biomedical
research is represented by the study of nonconventional transmission agents (NCTA)
(Petit and Boucraut-Baralon, 1992). With this
term there were designated infectious agents,
still of controversial nature, responsible for
degenerative diseases of the central nervous
system: acute transmissible spongiform
encephalopathies (TSEs). These diseases,
always dramatic, encountered in humans and
animals, possess a number of common features.
TSEs are clinically characterized by a very long
incubation period (from few months to several
years - even decades) and a slow and antipyretic
evolution (ataxia, tremor, abnormal posture),
being inevitably fatal. The typical lesions are
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derives from the words protein and infection
(short for proteinaceous infectious particle),
building thus his theory according to which a
deviant form of a harmless protein could be an
infectious agent, a transmitter of disease (Prusiner,
1982; 1991; 1998); otherwise, Prusiner was
awarded the Nobel Prize in Physiology or
Medicine in 1997 for his research on prions. The
malady is transmissible to humans and other
animal species, bearing different names (Hunter,
1999; Belay, 1999). In sheep, prion is the agent
of scrapie disease. Scrapie is still known as
prion disease of small ruminants, because sheep,
goats and mouflons are species susceptible to
scrapie (Beringue and Andreoletti, 2014).
Due to its connotations pathogenetic, scrapie is
considered as an integrated system of intensive
and profound studies with biomedical, economic
and environmental approaches. The studies of
molecular genetics relating to the prion protein
took a large scale lately in sheep breeds in
Western Europe, especially with the momentum
of practicing the industrial crossbreeding for
creation of new sheep types with high productive
performance to satisfy the increasing demands
of the growing market with productions of this
species, in particular with the meat one
(Fediaevsky et al., 2008). In Romania these
studies are fairly recent history and took into
account the Merino, Tsigai and Tsurcana breeds
specialized mainly for meat or milk productions
(Coúier, 2008; Otelea et al., 2011). The
Botosani Karakul breed, specialized for the
lamb pelt production, has benefited from a
singular (almost episodic) approach in this
regard, occasioned by implementation of a
project of the Research and Development
Station for Sheep and Goat Breeding Popauti in
collaboration with the University of Bucharest
(Kevorkian et al., 2011).
That is why this paper has like main objective
the molecular-genetic characterization at the
PrP locus of Botosani Karakul breed, strictly
from the elite farm of this station, where sheep
are reared in pure breed, to evaluate the incidence
of sheep genotypes sensitive to TSEs and
implicitly susceptible to developing prion disease
in order to eliminate them from the flock.

123 animals reared in pure breed within the
elite farm of the Research and Development
Station for Sheep and Goat Breeding Popauti
where the correct application of the selection
criteria for the improvement of this breed leaves
no doubt. We make this statement because, in
its existence area, the purity of Botosani Karakul
breed might be altered by some cross-breeding
actions practiced by private shepherds, fact that
can be reflected also on the genetic structure of
this breed, including at the PrP locus level.
In order to identify some genes susceptible to
contracting the scrapie disease, biological
samples were collected from the brainstem
level from sheep by classical surgical method
(Kevorkian, 2010).
Extraction and isolation of genomic DNA from
brain homogenate was performed using the kit
"High Pure PCR Template Preparation" (Roche,
1999), respecting the manufacturer specifications
(Kevorkian, 2010; Kevorkian et al, 2011).
The analysis of PrP locus was performed by
Real-Time PCR technique at codons 136, 154
and 171. For this purpose there were used
simultaneously the kits "LightCycler FastStart
DNA Hybridization Probe MasterPLUS" (Roche
Applied Science) and "LightCycler Scrapie
Susceptibility Mutation" (TIB MOLBIOL) in
accordance with the methodological rules of
manufacturers (Kevorkian, 2010; Kevorkian et
al., 2011).
Real-Time PCR reaction was carried out on
Light Cycler 2.0 apparatus (Roche, 1999) and
browsed the following steps: pre-incubation
95°C, 8 minutes, amplification with 45 cycles,
melting curve and cooling to 40°C for 30
seconds. Each amplification cycle consisted of
three stages: 95°C, for 10 seconds, 60°C, for 10
seconds and 72°C, for 15 seconds. Melting
curve was also performed during three stages:
95°C, for 2 minutes, 45°C, for 1 minute and a
step of gradually increasing of the temperature
of each 0,2°C, from 45°C to 75°C, for 1 minute
(Kevorkian, 2010; Kevorkian et al, 2011).
The gene and genotypic frequencies were
calculated at the PrP locus. Also, we calculated
the ratio between and homozygosity and
heterozygosity for the prion protein locus. The
Hi square test (χ2) was used for comparison of
the observed frequencies to the expected ones.
Also there were assessed the levels of risk
regarding the contamination with scrapie of

MATERIALS AND METHODS
Genotyping of Botosani Karakul sheep at the
PrP locus occurred in a random population of
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Botosani Karakul breed in accordance with the
international standards established by the
Monitoring Programme of TSEs adopted by the
Council of Europe (2013).

homozygotes of type ARR/ARR (26.83%),
while the homozygotes for allele ARH are
sporadically met in population (0.81%). Among
heterozygotes, the individuals of type
ARR/ARQ are the most widespread, but their
incidence (14.63%) is moderate. The frequency
of heterozygotes ARR/ARH is relatively low
(8.13%), whereas the heterozygotes ARQ/ARH
are very poorly spread (1.63%).

RESULTS AND DISCUSSIONS
There are more than 15 known alleles of the
PrP gene, but only five are used to characterize
sheep at the PrP locus and therefore to assess
their resistance / susceptibility level to scrapie.
These alleles can be sorted by increasing order
of susceptibility to scrapie, as follows: ARR,
AHQ, ARH, ARQ and VRQ (Cosier, 2008;
Otelea et al., 2011).
The purpose of this analysis was to identify, in
the Botosani Karakul breed, possible
polymorphisms of the gene coding for prion
protein at codons 136, 154 and 171 in sheep
incriminated to be associated with susceptibility
to scrapie (Otelea et al., 2011).
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Figure 1. Allelic structure at the PrP gene locus in the
Botosani Karakul breed

Genetic structure
The polymorphism of PrP gene in tht Botosani
Karakul sheep was revealed by detecting three
alleles at this locus: ARR, ARQ and ARH. The
distribution of these alleles is uneven. The
ARQ allele (56.10%) is the most frequently
encountered. Also, the allele ARR shows a
considerable frequency (37.40%). Allele ARH
has a low spreading (5.69%) (Figure 1).
The three alleles determine the occurrence of
all six possible genotypes: three homozygous
(ARR/ARR, ARQ/ARQ and ARH/ARH) and
three heterozygous (ARR/ARQ, ARR/ARH and
ARQ/ARH). The genotypes for PrP gene have
a very disproportionate spreading. Almost half
of the individuals are homozygotes of type
ARQ/ARQ (47.97%), and a quarter of them are

The large discrepancies were found between
the observed and expected distributions. Thus,
the homozygotes ARR/ARR and ARQ/ARQ
occur more frequently than expected, but the
greatest discrepancy is observed at the level of
heterozygotes
ARR/ARQ
where
their
phenotyping is much lower than expectations
of their occurrence. For this reason, the test χ2
records a high value (44.9958***), exceeding
even the most critical significance level
(0.001). As such, the population is very
significantly genetic unbalanced at the PrP
locus (Figure 2).
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χ = 44.9958***; L.D.=4; p<0.001
Figure 2. Genotypic structure at the PrP gene locus in the Botosani Karakul breed
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In terms of general zygosity, the total number
of homozygotes (75.61%) is three times higher
than that of heterozygotes (24.39%). But
because the estimation shows that the two
categories of individuals would have occur in
almost similar proportions (46.39% / 53.61%),
there are great differences between practical
and theoretical distributions, resulting a high
value of the test χ2 (34.3313***), the
differences being, statistically, very significant.
Therefore, also with regard the relationship
between the total homozygosity and total
heterozygosity, the population deviates very
significantly from Hardy-Weinberg law of
genetic equilibrium (Figure 3).
F re q u e n c y

O b s e rv e d

in population. The three genotypes are included
in the third risk class of developing the disease;
it is considered that these individuals have a
little resistance to scrapie and this fact requires
attention at the time of mating. Some authors
consider that these genotypes represent a low
risk in the tested animal, but the risk is real in
his descendant depending on the genotype of
the other parent.
The animals with genotypes ARR/ARQ
(14.63%) and ARR/ARH (8.13%) belong to the
second class of risk. The individuals included
in this class has a low development level of the
disease, but depending on the genotype of
partners with which they will be mated, their
offspring could present different signs of
disease development. However, it is considered
that the risk is extremely low, both in the tested
animal and in its progeny (descendant).
The animals with genotype ARR/ARR
(26.83%) are included in the first class of risk
(very low risk both in the tested animals and in
their offspring) being highly resistant to the
disease, being very recommended in the
selection works of sheep.
Very important for the Botosani Karakul sheep,
reared in pure breed, in comparison to other
indigenous or imported breeds, is that the
genotypes belonging to the risk classes 4 and 5
are missing; the individuals with these
genotypes (containing allele VRQ both in
homozygous status, but also in association with
all the other alleles) are highly susceptible to
scrapie, having a low resistance to the disease.
For these reasons, the Botosani Karakul breed
has an advantage from the perspective of
genetic prophylaxis to scrapie. Thus, in this
breed, thanks to more limited polymorphism at
the PrP locus, all individuals have resistance to
scrapie (50%) or low risk of contracting the
disease (50%). In all the other breeds (which
are older than Karakul, both local and foreign
breeds) or hybrid entities (cross-breeds) of
sheep, especially in those created by industrial
cross-breeding, in which there is a more
emphasized polymorphism at the PrP locus, the
probability of scrapie occurrence is higher.
Therefore, the prion polymorphism in ovine
species, besides its pathological importance,
might have phylogenetic connotations, too.
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Figure 3. Zygosity status at the PrP gene locus in the
Botosani Karakul breed

Association of the PrP locus with scrapie
disease in sheep
The process that triggers the disease is
represented by the conversion of a normal
protein, sensitive to the proteases, synthesized
naturally in the brain of all mammals (PrPc),
into a mutant, abnormal structure, resistant to
proteolysis, (PrPSc), specific marker of
spongiform encephalopathies. This change
occurs only after the prion protein was
anchored to the cell membrane (Bossers, 1999;
Priola et al., 2003).
In the Botosani Karakul breed (Table 1), the
genotype ARQ/ARQ was recorded in 47.97%
of animals. This genotype is associated with a
relatively increased risk of developing the
scrapie disease. The animals that possess
genotypes ARQ/ARH and ARH/ARH present
also some risks to develop the malady, but their
frequency is low (1.63%) or very low (0.81%)
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Table 1. Frequencies of PrP genotypes and their classification into risk groups for scrapie in Botosani Karakul breed
(according to the Department for Environment, Food and Rural Affairs - 2007)
Risk class

Resistance level

PrP Genotype

Class 1 (R1)

The most resistant type to scrapie
Genetically, resistant types to scrapie, but
need a certain attention to be used in mating
schemes

ARR/ARR
ARR/ARQ
ARR/AHQ
ARR/ARH
ARQ/ARH
ARQ/AHQ
AHQ/AHQ
ARH/ARH
AHQ/ARH
ARQ/ARQ

Botosani Karakul
sheep (%)
26.83
14.63
22.76
8.13
1.63
50.41
0.81
47.97
-

Class 2 (R2)

Class 3 (R3)

Less resistant types to scrapie and need a
particular attention to be used in mating
schemes

Class 4 (R4)

Genetically, susceptible sheep to scrapie
and should not be used in mating, with the
exception of a controlled breeding program

ARR/VRQ

Class 5 (R5)

Very susceptible types to scrapie and should
not be used at all in mating

AHQ/VRQ
ARH/VRQ
ARQ/VRQ
VRQ/VRQ

The limitation of prion polymorphism would be
due, to a large extent, to natural selection
exerted over time. However, not unimportant, it
would be the artificial selection pressure to
strengthen the production traits, including by
moderate inbreeding for creating the breeding
lines, as happens in the farm elite with Botosani
Karakul sheep of our station. This assumption
has occurred as a consequence of the results of
investigations carried out (unpublished yet) by
the National Reference Laboratory for Molecular
Biology of the Institute for Diagnosis and Animal
Health which revealed other prion genotypes
too associated with the risk classes 4 and 5 in
sheep of Botosani Karakul breed, but from
private farms where the selection does not carried
out following the most rigorous rules. However,
these assumptions must be confirmed by further
studies in an integrated context regarding the
accuracy of selection and reproduction process.
Genotyping of the Botosani Karakul sheep for
the PrP locus creates real prerequisites for
implementing a selection program regarding
the resistance to scrapie on whole area of the
breed that must be applied in each sheep
breeding scheme.

-

-

polymorphism at its level.
Prion polymorphism of this breed is determined
by the existence of three alleles, ARR (having a
considerable incidence), ARQ (the most
common) and ARH (with a low spreading), all
three alleles contributing to the phenotypic
expression of all six possible genotypes.
The genotypic panel is dominated by the
genotype of ARQ/ARQ followed by genotype
ARR/ARR; the genotypes ARR/ARQ and
ARR/ARH record moderate or relatively low
frequencies and the other two genotypes
(ARO/ARH and ARH/ARH) are seldom met in
population; at the PrP locus the homozygosity
is three times more consistent than the
heterozygosity.
The Botosani Karakul breed is in very
significant genetic disequilibrium HardyWeinberg at the PrP locus.
In Botosani Karakul breed the PrP genotypes
which are associated with scrapie in the highest
degree are completely missing (risk classes 4
and 5); all individuals have resistance to scrapie
(50%) (risk classes 1 and 2) or present low risk
of contracting the disease (50%) (risk class 3).
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Abstract
This research was carried out to investigate the differential responses of nine different fig cultivars against the boron
toxicity and the effects of boron toxicity on dry matter yield, morphological properties and plant boron concentrations.
A pot experiment was designed (perlite+sand mixture, 1:1) with two levels of boron (normal 0.46; high 8 mg B l-1) and
nine different fig cultivars (Ficus carica L. Akçakum, Bardakçı, Göklop, Halebi, Koca ana, Mor incir, Morgöz, Sarılop
and Siyahkuú) under the controlled conditions. All of the fig cultivars showed different response against boron toxicity.
Boron concentrations in all of the leaf parts increased significantly by increasing the B supply. Leaf tips were the
dominant sites of B accumulation compared to the other leaf parts. The toxic level of boron application leads to
significant reduction on plant height, internodal length, leaf numbers, shoot diameter and total dry matter while it
decreased root length. The highest reduction was obtained by the total dry matter and it was followed by internodal
length, leaf numbers and shoot diameter respectively. In terms of dry matter yield and plant height, among the
cultivars, Bardakçı cv. was affected the least from the boron toxicity.
Keywords: boron toxicity, fig, cultivars.

been accumulated in the plant over the
requirement in the area (Koç, 2007). Boron is
normally
accumulated
in
leaves
at
concentrations of 10-50 mg kg-1. However,
many species are quite sensitive to high levels
of B in their tissues, showing severe toxicity
symptoms at tissue levels of about 50 mg kg-1.
Generally, toxic levels of B leads to leaf injury,
decreasing plant growth and yield potential.
Usually the initial symptoms were lesions with
chlorotic borders at finally necrotic areas in the
oldest leaves. Among the orchards species fig
is known as a very sensitive to B toxicity and
shows signiﬁcant decreases in yield when
grown in B toxic soil (Maas, 1990). Dried fig
(Ficus carica L.) production has limited small
numbers country worldwide. Turkey is the
world's largest fig producer. In 2010, its fresh
and dried figs production 23.9% and 54.7% in
the world respectively (Anonymous, 2013). Fig
is one of the important species at Great
Meandros valley also in the Aegean region of
Turkey. Turkey’s dried fig production is
cultivated entirely Aegean region mostly Great

INTRODUCTION
Boron (B) is a requisite element required for
normal growth of plants. B toxicity can easily
occurs especially arid and semi-arid regions in
worldwide owing to the fact that the range of B
deficiency and B toxicity is narrow (Eaton,
1944; Gupta et al., 1985). B toxicity sources are
listed as follows soil B content, unconscious
industrial waste management, thermal waters
which rich soluble B and discharge of this
thermal water to river, lake, irrigation waters
and soils (Cartwright et al., 1984; Nable et al.,
1997). Recently study (Aydın and Sefero÷lu,
2009; Aydın et al., 2010; Kaptan, 2013) has
showed that boron toxicity being a major
problem at Great Meandros valley because of
activity of geothermal plant and discharge of
geothermal waste water. Fluids emerging from
some of these areas contain high boron
concentrations and cause environmental
problems for irrigation waters in agricultural
areas where boron contaminates aquifers and
soils (Gemici and Tarcan, 2002). Boron has
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water, dried at 700C for 48 h. Leaf B
concentration determinations were made by dry
ashing 0.5 g of dry tissue material, placed in
porcelain crucibles and heated a mufﬂe furnace
at 500 0C for 6 h (Kacar and ønal, 2008). The
ash was dissolved in 0.1 N H2SO4 and B was
determined colorimetrically (430 nm) by the
Azomethine-H method (Wolf, 1974).
Data was analyzed using analysis of variance
(PASW Statistics, Ver: 18.0), with multiple
comparisons (Duncan multiple range test)
between means of and cultivars were carried
out by the least signiﬁcant differences (LSD) at
P 0.05.

Meandros valley. There was limited research
on the effects of B toxicity on fig cultivars. The
B toxicity affected plant growth parameters and
fruit quality was also known but clear data
were not available. The objectives of the study
were examine differential responses nine
different fig cultivars against the boron toxicity
and the effects of boron toxicity on its leaf
boron concentrations, yield and some
morphologic parameters.
MATERIALS AND METHODS
Nine fig cultivars (Ficus carica L. Akçakum,
Bardakçı, Göklop, Halebi, Koca ana, Mor incir,
Morgöz, Sarılop and Siyahkuú) were grown
under the controlled conditions at Adnan
Menderes University Agricultural Faculty, Soil
Science and Plant Nutrition Department, in
2009.
The experimental scions were produced by
hard-wood cuttings, rooted under a mist
propagation system. Fig plants were
transplanted in 5L plastic pots containing inert
perlite:sand (1:1) media mixture. The plants
were grown in a growth room with a min/max
temperature of 18/320C and a optimum
temperature of 260C. Plants were initially
irrigated with tap water (0.06 mg B l-1, 0.45 dS
mí1) every 2 days for one week. Moreover,
they were irrigated with Hoagland nutrient
solution (Hoagland and Arnon, 1950). The
irrigation volume every two days was 500 ml
pot-1 and this quantity was enough to allow
some leaching from bottom and to avoid salt
accumulation. An one-factor factorial design
that consisted of two treatments of B
concentrations as a normal and toxic level of B
(0.46 and 8 mg B l-1). The 0.46 mg B l-1
treatment was considered as normal level of B
since previous experiment. This concentration
was determined adequate B concentration for
fig plants growth. Both treatments and cultivars
consisted of four replications. All plants were
harvested almost 100 days of growth.
At harvest, leaf boron concentrations, plant
height, internodal length, leaf numbers and
shoot diameters were measured. The leaves
were seperated into tip, blade and petiole .All
samples were washed twice with distilled

RESULTS AND DISCUSSIONS
The boron application caused boron toxicity
symptoms were appeared on the older leaves of
plant. The B toxicity symptoms started in 45th
day and they appeared as a white spot on leaf
tips and margins. The spots initially turned into
chlorotic areas and eventually necrotic areas.
The necrotic areas spread out from leaf tips and
margins to the blade of leaf and the leaves
showed scorched appearance. These symptoms
appeared ﬁrst among the cultivars Akçakum
(Figure 1). The similar symptoms were
reported by (Bergmann, 1992).

Figure 1. The boron toxicity symptoms on Akçakum cv.

It was determined that the B toxicity had a
statistically significant impact on the all
analyzed properties in the figs in Table 1
(ANOVA).
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Table 1. The result of variance analysis for all measured parameters of nine fig cultivars under control and boron
toxicity conditions
Calculated of mean square

Variance
Source

DF

B
concentration

Plant
height

Internodal
length

Leaf
numbers

Shoot
diameters

Root
length

Total
dry matter

B

2

**

*

*

*

*

*

*

C

1

*

*

*

*

*

*

*

BxC

2

*

*

*

*

*

*

*

*P<0.05, **P<0.01, DF: degree of freedom, B: Boron application, C: Cultivars.

Table 2 shows boron distribution in the basalolder leaves of figs cultivars under normal and
toxic B conditions. Boron concentrations in all
of the leaf parts increased significantly by
increasing the B supply. Leaf tips were the
dominant sites of B accumulation compared to
the other leaf parts. Boron concentration in the
leaf tips was at least 4 and 6 times higher than
in leaf blade and petiole respectively. Boron
concentration in the leaf tips was lowest (2477
mg kg-1) in Halebi cv. and highest (3933 mg
kg-1) in Bardakçı cv. The order was Halebi <

Koca ana < Akçakum < Göklop < Mor incir <
Morgöz < Siyahkuú < Sarılop < Bardakçı with
the values (mg kg-1) of 2477, 2517, 2595, 2629,
2950, 3095, 3216, 3343 and 3933, respectively.
Comparing with the normal level B condition,
leaf tips B concentration was increased
significantly with high B application. The
highest increase of leaf tips boron
concentration obtained from Mor incir cv.
(2683%) while Koca ana cv. had the lowest
increase by 994% under B toxicity.

Table 2. Boron distribution in the basal-older leaves of figs cultivars under normal and toxic B conditions
Cultivars
Tip

Normal
0.46 mg B kg-1
Blade

Petiole

Tip

Toxic B
8 mg B kg-1
Blade

Petiole

Akçakum

133

91

34

2595

135

35

Bardakçı

178

98

23

3933

255

44

Göklop

158

92

19

2629

904

60

Halebi

106

38

21

2477

791

44

Koca ana

230

89

40

2517

793

41

Mor incir

106

106

45

2950

962

48

Morgöz

153

53

40

3095

870

52

Sarılop

250

109

30

3343

1279

45

Siyahkuú

228

121

29

3216

693

40

Average

171

89

38

2973

722

46

The fig cultivars showed differential response
in terms of some plant morphological
properties against the B toxicity. Under the
toxic B condition, plant height, internodal
length, leaf numbers, shoot
diameter and total dry weight were decreased
significantly. However, root length was showed
a decreasing response to the toxic B condition
(Table 3).
Comparing with the normal level B, plant
height, internodal length, leaf numbers, shoot

diameter and total dry weight were decreased
with toxic level B application Among the
measured morphologic parameters reduction in
the total dry weight was highest (40.0%). It was
followed by internodal length, leaf numbers,
plant height and shoot diameter with the values
of 38.8%, 29.4%, 19.1 and 17.5, respectively
(Table 4). Unlike, root length was observed
tends to increase under toxic boron condition.
Bardakçı cv. was showed the lowest reduction,
in terms of plant height and total dry weight,
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while it was the highest in Akçakum cv. Root
length was increased in Bardakçı cv., Koca ana
cv., Mor incir cv., Morgöz cv. and Siyahkuú cv.
whereas it was decreased Akçakum cv., Göklop
cv., Halebi cv. and Sarılop cv.
As a result, fig cultivars produced more leaves,
higher plant height, longer internodal length,
wider shoot diameter and more dry weight per
plant with 0.46 mg B kg-1 of B application in
comparison to toxic B level. However, 8 mg B
kg-1 of B application showed characteristic B
toxicity symptoms, reduction in growth and
increasing root length. It could be considered in
present research that affected leaf B
concentrations and plant height, internodal
length, leaf numbers, shoot diameter and total
dry weight under toxic boron application due to
slow development and growth (Cervilla et al.,
2007), decreasing the photosynthetic leaf area
(Lee and Aronoff, 1966; Bergmann, 1992;
Bennett, 1993), decreasing of water use
efﬁciency (Sotiropoulos et al., 1999),

especially, steadily leaf necrosis, beginning at
the tip or margins and gradually covering the
whole leaf (Sotiropoulos et al., 2002; Apostol
and Zwiazek, 2004; Reid et al., 2004).
Reduction of total dry weight due to toxic
boron concentration was reported by Kaya et
al., (2009). On the other hand, effect of boron
toxicity on root length of fig cultivars was
found differently. Similar findings were
reported by Reid, (2010), who pointed out that
there is a unusual response of root growth to
boron tolerance. All of fig cultivars showed
differential response in the amount of both leaf
B concentration and the after exposure to toxic
boron application. Among the cultivars
Akçakum cv. was identiﬁed as the most
sensitive cultivar as judged from the severity of
toxicity symptoms on leaves and level of plant
height and internodal length, while because of
the least reduction in total dry matter yield and
plant height Bardakçı can be classiﬁed as
tolerant cultivar amount of fig cultivars.

Table 3. The effects of toxic B, on some morphological properties of nine figs cultivars
Cultivars

Plant height,
cm

Internodal length,
cm

Leaf numbers Shoot diameter,
mm

Root length,
cm

Total
dry weight, g

Normal (0.46 mg B kg-1)
Akçakum

33.5

10.5

7.3

11.6

39.3

11.2

Bardakçı

21.8

6.8

5.5

9.6

25.0

8.2

Göklop

26.1

7.5

6.0

11.0

36.0

10.1

Halebi

25.3

7.3

6.5

11.1

32.0

6.4

Koca ana

27.8

9.9

8.5

8.8

37.0

6.1

Mor incir

19.0

9.0

6.0

7.8

47.3

10.5

Morgöz

30.3

13.3

7.7

10.1

28.0

5.5

Sarılop

34.0

8.0

7.0

10.5

41.0

12.7

Siyahkuú

31.0

7.0

7.0

9.8

36.0

7.4

Average

26.2

8.5

6.8

9.7

35.7

8.5

-1

Toxic B (8 mg B kg )
Akçakum

20.5

1.1

2.5

7.0

26.0

3.8

Bardakçı

19.2

6.2

3.7

7.8

40.3

6.7

Göklop

22.0

6.2

5.7

9.2

34.0

5.6

Halebi

22.3

6.8

5.5

6.4

26.5

4.2

Koca ana

22.5

5.8

7.8

8.7

38.7

4.5

Mor incir

13.0

1.0

2.0

6.8

60.0

5.5

Morgöz

25.0

7.5

5.0

7.9

52.0

4.3

Sarılop

24.0

3.0

5.0

9.3

28.0

4.6

Siyahkuú

22.5

4.0

6.0

8.6

36.5

5.8

Average

21.2

5.2

4.8

8.0

38.4

5.1
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Table 4. The changing on some morphological properties of nine figs cultivars
Cultivars

Plant height
%

Internodal length
%

Leaf numbers
%

Shoot diameter
%

Root length
%

Total dry weight
%

Akçakum

38.8

89.5

65.8

39.7

33.8

65.7

Bardakçı

11.9

8.8

32.7

18.8

-61.2

17.5

Göklop

15.7

17.3

5.0

16.4

5.6

44.7

Halebi

11.9

6.8

15.4

42.3

17.2

34.4

Koca ana

19.1

41.4

8.2

1.1

-4.6

26.0

Mor incir

31.6

88.9

66.7

12.8

-26.8

47.4

Morgöz

17.5

43.6

35.1

21.8

-85.7

22.6

Sarılop

29.4

62.5

28.6

11.4

31.7

63.4

Siyahkuú

27.4

42.9

14.3

12.2

-1.4

21.5

Average

19.1

38.8

29.4

17.5

-7.6

40.0
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Abstract
Already at the beginning of the project is architect exposed to questions about construction. Accurate prepare reduces
construction failures by assemblage and on the other hand helps to articulate architectonic meaning of concept.
Wooden skeleton compared to brick-concrete building offer more occasions to expose construction members, at some
common techniques it’s a must. Present wooden structures insulated with straw bales as standard practice turning into
scientific structures designed with relation to interior and exterior design. Wave of ecology architecture supports
development of these straw structures and the number of these way considering investors is raising. Horizontal
constructions represent three classes: basement slab (first floor), first floor ceiling (second floor), roof (maximum angle
5°). On the ground of construction types: heavy wooden construction, light wooden construction and prefabricated
panels (pre-insulated, on site insulated).
Perception of exterior horizontal construction depends on overhang of construction elements over closed perimeter.
Overhang of second floor and roof takes the main influence of overall appearance mainly leaving construction visible
without lathing. Perception of interior horizontal construction depends on material composition and required
properties of these layer. Exposed beams and joists are evidence of construction type, enrich form and color palette of
interior and facade. Dimension of exposure determine perception, that is affected by number of story’s, position in
terrain, size, color and technique of realization.
Keywords: straw, architecture, straw construction, horizontal construction.

romanticism, middle age and fairy tale. Visible
constructions in interior and exterior is
expressive, becoming characteristic feature and
optically scale down dimension of the building.
Using less worked tree trunks raises need to
level finished horizontal plane with joists or cut
one side of the trunk because of irregular nature
of this wooden members.

INTRODUCTION
Every type of wooden construction insulated
with straw bales has a system of element
configuration that primary respects statics
demands and overall architectonic concept.
Allow functional disposition of all floors and
create adequate spaces for insulation bale.
It’svery useful to secure straw bales already in
time of projecting or enquire dimensions of
future bales in advance. Any later bale cuttingis
time consuming.Type and position of wooden
construction affects insulation properties and
composition of used materials in walls, floors
and roof.
Heavy wooden construction
Less and more worked raw tree trunk (log)
presents choice of nature inspired builders
usually connected with eco lifestyle, natural
architecture, original folk architecture – historic
wooden blockhouse. Heavy lumber is more
sophisticated building member, common used
in all kind of wooden structures. Both types are
massive, robust, blending a part of

Figure 1. Example of heavy wooden construction

Light wooden construction
Planks, laths and boarding joists are assembled
to create suitable basic grid with accurate
spacing for considered straw bales. Usually
bales are available in various lengths enabling
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accumulating layers in perimeter or interior
walls (panels). Establishment of the base panels
on the base beams is sensitive to damp
conditions and accuracy of these joints.
Visual aspect
Exposed beams and joists are evidence of
construction type, enrich form and color palette
of interior and facade. Dimension of exposure
determine perception that is affected by
construction type, number of story’s, position
in terrain, size, color and technique of
realization.
Heavy and light constructions
Perception of exterior horizontal construction
depends on overhang of construction elements
over closed perimeter. Overhang of second
floor and roof takes the main influence of
overall appearance mainly when leaving
construction
visible,
without
lathing.
Dimension
of
overhangs
depend
on
architectural concept of building, orientation,
design, shading system and functional
disposition
connection
with
nearby
surrounding.
Wooden frame base floor need not to be
noticeable by building on foundation slab,
which is poured under grade level. High of the
finished floor by using pier foundation without
perimeter siding may be evidence of thick
insulation in wood-frame floor. Equally the pier
foundation system is possibly construct under
grade level thatbring linear opening between
the structure and surrounding terrain needing
particular solution.
Perception of interior horizontal construction
depends on material composition and required
properties of these layer. Generally, there is no
influence
of
basement
wooden
slab
construction on interior. This layer is built in
and the only way to show raster of this
construction is to use transparent flooring put
right on the bearing system though it is very
unusual. Ceiling construction is familiarly
exposed to interior for its esthetic value,
historical
usage
and
common
layer
composition. Visual perception is sensitive to
dimension,
character
and
density
of
components along with height and light
conditions of the room. There is heavy interior
(constructed of log wood or good-sized timber),
traditional (constructed of common timber in
regular distances), expressive (higher members

to adjust construction spacing in relation to
openings (windows, doors etc.). These
construction members are subtile and lighthanded, that means higher density of
construction, easy assemblage and higher
working safety on site.
In case the horizontal member is part of
premakeready frame (manufactured on site or
under controlled conditions) and vertical
members are the same design of the same
frame, it is considered as prefabricated building
system. Regular emplacement of frames raising
simplicity of the building process what is
impropriate by irregular loading on horizontal
plate.
Prefabricated panels
Recent popular system of wooden construction
is prefabricated panel, manufactured under
controlled conditions according precise
designed project. These panels are insulated
and finished (façade surface) on site or in
assembly hall, what takes great influence of the
panels weight mainly providing heavy finishing
materials like a clay and earth. Using panels is
common praxis in western countries and the
number of these kind buildings is rising.
Horizontal panels (floor panel, roof panel) lie
on vertical panels and on supporting beams and
joists. Vertical panels are installed to basement
slab, basement panels are very odd.

Figure 2.Wooden panel insulated with straw bales

Without basement slab, there is no flat area to
storage panels, assemble panels and place for
safety work and movement. Basement slab is
under irregular load pressure (chimney, hot
water storage, photovoltaic batteries etc.) and
need to correctly serve demands of main
connections transferring this layer. Concrete
base slab works like a thermal accumulating
mass with no need of additional thermo
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thermal bridge. In the case of the straw bale
wall with the final width about 60 cm it’s
already not such a problem as by thinner wall.
There is need of exact calculation of thermal
insulation properties of this wall and confront it
with other advantages according architecture
and structure simplicity. Another approach to
this detail is to intercept construction member
in perimeter wall and continue with the new
one with the same dimension and position in
exterior that bring building up complications
and particular deception for observer.

and artistic designed timber), frisky (irregular
distances and irregular dimension of members),
fine (low exceed to interior). All visible
constructions are permanent characteristic,
need detailed elaboration according to
observers standing very close.
Irregular disposition of horizontal members
may be quite visual attractive and recent
together with optimal disposition according to
irregular load on the horizontal layer. High
density of members in places with higher load
and reversal, means no additional support
system. Various distances need accurate
prepare amount of correct dimension straw
bales. There is usually changing just length of
the straw bale and that’s easily adjustable on
most harvesters. Irregular construction should
take position considering position of partition
walls, windows and doors.
Prefabricated panels
Visual perception of panels in horizontal layer
is largely limited. Construction hided in
premakeready panels has almost any chances to
expose its character. In the cases leaving
ceiling without soffit it is possible to identify
panels jointing. Other possibilities of getting
additional design value of this construction
depend on specific type of panel and
possibilities of panel anchoring. Much better
design possibilities have panels used as vertical
construction members.

Figure 3. Example of regular wooden construction
member disposition

RESULTS AND DISCUSSIONS
Exposed horizontal construction of second
floor and the roof in interior has long history
and differ under cultural tradition. Exposed
roof overhang construction in exterior is
common though covering lathing is also used
often. In terms of architecture, dynamics and
design the greatest possibility to expose
construction is in member crossing perimeter
wall and continue the same feeling of the
structure from interior to exterior. This
approach includes present minimalistic, clear
and truth design not hiding structure character.
Ceiling beams in width of the building with
overhang over perimeter are historically wellknown due to statics advantages and speeding
up the building process. Nowadays in the age
of low-energy and passive structures is
perimeter wall crossing member usually the

Figure 4. Example of irregular wooden construction
member disposition
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Abstract
In order to study the growth and development of three irrigated sunflower hybrids (Helianthus annuus L. CVs. Zaria,
Alestar and Azargol) in different irrigation halts, a field experiment was conducted at Zahedan Islamic Azad University
field experiments Zahedan, Iran, in 2005. The experiment was laid out in split plot arrangement at randomized
complete block design (RCBD) in 4 replications. Main plots were arranged for irrigation halt according to plant
phonological stages in four levels normal irrigation or control, halt irrigation at pre anthesis, full flowering and post
anthesis stages, sub plots were included three sunflower Zaria, Alestar and Azargol cultivars. The results showed halt
irrigation had significant effect on all measured characters. The study of treatments interactions showed halt irrigation
could reduce sunflower yield quality and quantity immediately. Azargol hybrid under flowering stage halt irrigation
had the heist seed yield by 4.29 t/ha. However, Azagol cultivar was able to maintain its yield by 4.3 t/ha after halt
irrigation at seed development stage. Alestar cultivar was more sensitive to halt irrigation at reproductive stages; its
decreased was 48% and 45% in yield and oil yield, respectively. Zaria cultivar showed higher resistance to halt
irrigation, comparing to Alestar and Azargol.
Keywords: harvest index, irrigation halt, oil content, oil yield, sunflower.

effect on the yields of sunflower hybrids
(Pankovic et al., 1999).
Drought stress always adversely affects head
diameter (Mozaffari et al., 1996). Vilalobos et
al. (1996) stated that drought stress brought
about early leaf senescence, and the decrease in
leaf number, head diameter, leaf area and grain
weight and as a result, grain yield in sunflower.
Irrigation of sunflower during budding
increases vegetative growth and decreases
water use efficiency. But irrigation during
germination and flowering had the highest
water use efficiency (Unger, 1992).
Irrigation during budding transfers nutrients to
budding and final irrigation causes optimum
filling of sunflower grains.
No-irrigation during soft dough stage can
decrease grain yield by 25% (Dihllon and
Sidhu, 1995). Roshti et al. (2005) found that
water deficit stress decreased grain yield and
the treatment of irrigation after 70.0 mm
evaporation produced the highest grain yield
(5125 kg) whereas the treatment of irrigation
after 110 mm evaporation produced the lowest

INTRODUCTION
Sunflower is an important oilseed crop in Iran
and its production has greatly increased with
the introduction of hybrids. We know that
successful
irrigation
depends
upon
understanding the importance of water for
Growth and development stages of plants
(Hoffman et al., 1990).
Crop physiologic development is related to
water received during the growing stage which
is referred critical watering stop times for most
irrigated crops. In sunflower irrigation should
be continued until sufficient moisture is
available for the sunflower seeds to fill.
The most sensitive stages of sunflower
(Helianthus annuus) to limited water are
flowering and seed maturity (Chimenti et al.,
2002). Sunflower’s water demand in a single
growth period is about 500 mm per hectare
(Khajae-Pour, 2004; Aleyari and Shekari,
2000). Moisture deficiency from budding to the
end of flowering period has the most adverse
84

development, flowering end and flowering start
of sunflower growth and development stages)
in main plots and three sunflower cultivars
(Helianthus annuus L. cv. Zaria, Alestar and
Azargol) in sub plots. Three sunflower cultivars
were grown on a soil with supplementary
irrigation.

one. However, a harvest index (HI) had
significant varies from no water limitation to
halt irrigation after vegetative growth stage
(Hoffman et al., 1990).
Our aim was to measure the effects of halt
irrigation on sunflower cultivars at Iranian
environment, and more especially of halt the
irrigation and water stress during seed
formation and seed development stages to
maturation, on seed yield and especially on the
yield components.

Table1. Soil properties in the experimental site at the
start of the study (2005)

MATERIALS AND METHODS
In order to study of halt irrigation on yield and
some plant characteristics of three sunflowers
cultivars (Helianthus annuus), a field
experiment was conducted at the semi arid farm
research station of Zahedan Islamic Azad
university (25.28 N latitude, 60.53 E longitude
and 1370 meter above sea level altitude)
Zahedan, Iran at 2005.
The climate of this region is semi-arid with
average annual precipitation of 55 mm. March
to July average precipitation was approximately
0.52 mm. The soil type in the plot area is sandy
- loam and is well drained.
The gravimetric water content at the field
capacity, wilting point and available water
holding capacity of the soil are shown in
Table 1.
The electrical conductivity (EC) of the
irrigation water was 2.0 dsm-1 and the sodium
absorption ratio (SAR) was 10.2. In addition,
the averages of temperature, relative humidity,
average evaporation, average precipitation,
wind speed and sunshine duration per day
during the growth season are listed in Table 2.
The experiment was laid out in split plot
arrangement with randomized complete block
design (RCBD) with 4 replications.
There were four levels for irrigation (complete
irrigation or control, halt irrigation at seed

Soil depth (cm)

0-30

30-60

Bulk density (g cm-3)
Field capacity (%)
Wilting point (%)
Available water holding capacity
(mm 30 cm-1)
Total N (%)
pH

1.12
18.60
14.10
49.30

1.22
21.20
15.60
51.20

4.30
8.00

6.10
8.00

P2O5 (ppm)
K20 (ppm)
Organic matter (%)
CaCO3 (%)

4.70
2.50
0.02
52.00

5.20
2.50
0.02
69.00

The cultivars were sown in 10 May with 10
plant m-2 density. The hybrids were selected
based on performance in yield and oil yield
across Iran environments.
A plot size included 6 rows in 6.0 meters and
inter-row spacing of 1.0 meter was used. The
sunflower penology was followed from
Flowering first or time of start the flowering
stage in the cultivars, full flowering stage and
seed development (grain samples were
collected every 5 days from the intermediate of
the floral discs, dried at 70 °C for 48 hours, and
weighed) (Ploschuk and Hall, 1995). Yield was
determined by hand harvesting at physiological
maturity of 4.0 m2 (two central rows).
Grain oil percent was determined by nuclear
magnetic
resonance
(Granlund
and
Zimmerman, 1975). Plant height, 1000 seeds
weight and harvest index were determined for
all 48 plots.

Table 2. Some environmental characteristics of the study site (2005)
Period
March
April
May
June
July

Temperature
(°C)
14.60
18.40
23.10
26.25
30.10

Relative humidity
(%)
53.0
44.5
51.5
32.5
15.5

Mean daily
Evaporation Precipitation
(m)
(mm)
3.64
2.11
8.14
0.25
10.37
0.31
11.16
0.07
15.11
0.00
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Wind speed
(m s-1)
10.00
7.97
11.68
10.58
10.21

Sunshine duration
(h)
5.95
9.79
9.82
10.86
11.56

RESULTS AND DISCUSSIONS
consistent with previous work which
demonstrated a strong oil content reduction
with a water deficit from anthesis to maturity
(Champolivier and Merrien, 1995). The
analysis of variance for single effect of
irrigation treatment and also cultivar treatment
separately, was significant for grain number per
head at 1% and 5% probability level
respectively (Table 3).
Means comparison for average grain numbers
per sunflower heads showed the highest record
was obtained in normal irrigation by 847 (I1)
and Post-anthesis stage halt irrigation by 856
(I4) which ranked in the same statistical group.
Zaria (C1) cultivar also had the highest number
of grain per head by 858.
The treatment of Pre-anthesis halt irrigation
had the lowest filled grain number per head
(708).
Under critical halt irrigation conditions, head
diameter and grain number considerably
decrease (Aleyari and Shekari, 2000).
Water deficit occurrence during sunflower
flowering stage dehydrates pollens and pistils
which in turn, interrupts pollination by insects
and the dehydration of stigmata of pistils sticks
pollens to stigmata, prevents germination of
pollens on stigmata and finally, decreases
fertile and filled grain number/head (Mozaffari
et al., 1996).
Valad-Abadi et al. (2008) showed that with the
intensification of stress from 50 mm to 150
mm, filled grain number per head decreased
from 750.1 to 475.1.

According to Table 3, at harvest time, plant
height, number of grain per head, 1000 grain
weight, grain yield, oil yield and harvest index
were significantly affected by irrigation
regimes and cultivar types and interactions.
But oil percent was not affected by cultivars
type significantly at 5% of level. And also the
interaction of treatments for oil grain content,
plant height and number of grain per head were
no significant.
The results show that, when irrigation regimes
were completely or none halt, yield
components and grain yield had the best
records. The interaction between irrigation and
cultivars significantly affected grain yield
(Table 3). Means comparison data showed the
treatment of Azargol and normal irrigation
produced the highest grain yield by 5.70 t/ha.
Pre-anthesis halt irrigation and Zaria (I2C1)
produced the lowest grain yield by 2.8 t/ha
(Table 4).
The grain yields of Azargol was much more
than others by 4.30 t/ha. We don’t distinguish
any statistical differ between Zaria and Alestar
in relation to upon characteristics; those are in
same grouping according to Duncan multiple
range at 5% level.
As a final point and by the study of interactions
of treatments we can verify that under
incomplete irrigation in semiarid location the
quality and quantity of sunflower yield just
about interconnected with adaptation of
cultivars and generally supply the water for
plants at the middle of the reproduction stage
mostly full flowering stage. Our results were

Table 3. Summary of analysis of variance for effect of halt irrigation and sunflower cultivars
Mean square
S.O.V

D.F
Grain yield

Oil yield

Oil content

Plant height

No. grain per head

Grain weight

HI

Replication

3

0.42 ns

0.01ns

25.18 ns

217.80 ns

18734.00 **

1.20 ns

156.1 ns

Irrigation halt(I)

3

6.01 **

1.52 **

56.14 *

852.00 **

55127.00 **

501.10 **

3321**

Error1
Cultivar(C)
Interaction(I.C)

9
2
6

0.31
2.88 **
0.63 *

0.09
0.56 **
0.16 *

8.42
3.07 ns
3.22 ns

59.35
2781.00 **
161.20ns

2508.00
45059.00 *
20419.00 ns

53.13
738.70 **
79.70 **

312.9
4552 **
767 *

Error 2

24

0.24

0.05

3.91

193.00

10773.00

13.66

246.2

12.88

15.14

5.08

11.96

12.93

7.70

15.26

C.V%

**significant differences at P%<0.01 level, *significant differences at P<0.05 level and ns: Non-significant
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Table 4. Mean comparisons for grain yield, yield components and harvest index
Treatments

Grain
Yield (t/ha)

Oil
Yield (t/ha)

Grain oil
Content (%)

Plant
Height (cm)

No grain
per head

1000
Grain weight (g)

HI%

I1
4.70 a
1.98 a
41.98 a
125 a
847 a
56.90 a
40 a
I2
3.25 c
1.26 c
38.65 b
104 c
708 c
45.60 bc
32 c
I3
3.27 c
1.21 c
36.97 b
117 b
796 b
41.24 c
38 b
I4
4.13 b
1.55 b
38.02 b
118 b
856 a
48.60 b
39 ab
C1
3.46 b
1.35 b
38.95 a
125 a
857 a
40.50 c
37 b
C2
3.75 b
1.45 b
38.44 a
101 a
751 b
49.70 b
35 b
C3
4.29 a
1.71 a
39.31 a
123 a
800 ab
53.80 a
41 a
I1C1
3.90 bcd
1.60 bcd
41.00 a
136 a
922 a
42.00 d
40 ab
I1C2
4.50 b
1.85 b
41.00 a
101 a
726 a
61.60 a
42 bc
I1C3
5.70 a
2.50 a
43.40 a
127 a
894 a
66.20 a
46 a
I2C1
2.80 f
1.10 d
38.80 a
115 a
673 a
42.30 d
29 d
I2C2
3.50 cdef
1.30 cd
38.40 a
96 a
739 a
45.50 cd
28 d
I2C3
3.40 cdef
1.30 cd
38.70 a
104 a
714 a
49.20 bc
35 b
I3C1
3.00 ef
1.10 d
36.50 a
127 a
903 a
33.60 e
32 bc
I3C2
3.10 def
1.20 cd
37.20 a
97 a
701 a
43.90 cd
37 b
I3C3
3.70 bcde
1.40 bcd
37.20 a
128 a
786 a
46.20 cd
38 b
I4C1
4.10 bc
1.60 bcd
39.30 a
132 a
928 a
44.30 cd
39 b
I4C2
4.00 bc
1.50 bcd
36.80 a
100 a
836 a
47.80 cd
41 b
I4C3
4.30 b
1.70 bc
38.00 a
126 a
807 a
53.60 b
43 a
Data by different letters indicate statistically significant differences using Duncan Multiple range at P %<0.01. I1 to I4 and C1to C3
treatments are characters for Normal irrigation (I1), Pre-anthesis halt irrigation (I2), Flowering stage halt irrigation (I3), Post-anthesis
stage halt irrigation (I4), and Zaria (C1), Alestar (C2) and Azargol (C3) for sunflower.

any statistical differ between Zaria and Alestar
in relation to upon characteristics; those are in
same grouping according to Duncan multiple
range at 5% level.

On the other hand, since the formation of
central floret of head is initiated at 8-12 leaf
stage, any kind of water stress at this stage can
cause the decrease in floret number per head
(Aleyari and Shekari, 2000) and filled grain
number per head.
Irrigation halt had significant effect on oil
content at 1% probability level (Table 3). The
treatment of normal irrigation had the highest
oil content by 41.98% and the least were 38.65,
36.97 and 38.02% for I2 to I4 which ranked in
the same statistical group.
The increase in oil content of sunflower grains
requires a prolonged growth period, especially
from flowering until grain filling. Our results
previous reported which demonstrated that a
strong oil content reduction with a water deficit
from anthesis to maturity (Champolivier and
Merrien, 1995).
The lowest harvest index close to 32.00% was
for irrigation regime that blocked at preanthesis phase as a key result of this research.
In this assessment the Azargol hybrid of
sunflower is indication for Grain and oil yield,
oil percent, plant height, 1000 grain weight and
finally harvest index.
The grain yields of this hybrid was much more
of others by 4.30 t/ha yield, by means that over
1.55 t/ha adding up and with 41% harvest index
means 4-6% more of Zaria and Alestar
respectively (Table 4). We do not distinguish

CONCLUSIONS
As a final point and by the study of interactions
of treatments we can verify that under
incomplete irrigation in semi-arid Iranian
environments the quality and quantity of
sunflower yield just about interconnected with
adaptation of cultivars and generally supply the
water for plants at the middle of the
reproduction stage mostly full flowering stage.
REFERENCES
Aleyari H., Shekari F., 2000. Oil seeds. Amidi Press,
Tabriz, p. 182
Champolivier L., Merrien A., 1996. Effect of water stress
applied at different growth stages to Brassica napus
L. var. oleifera on yield, yield components and seed
quality. European Journal of Agronomy 5, p. 153160.
Champolivier L., Merrien A., 1996. Effect of water stress
applied at different growth stages to Brassica napus
L. var. oleifera on yield, yield components and seed
quality. European Journal of Agronomy 5, p. 153160.
Chimenti C., Pearson A., Hall J., 2002. Osmatic
adjustment and yield maintenance under drought in
sunflower. Field Crops Research, 75: p. 235-246.

87

Ploschuk E.L., Hall A.J., 1995. Capitulum position in
sunflower affects grain temperature and duration of
grain filling. Field Crops Research 44: p. 111-117.
Roshdi M., Rezadoost S., Zainalzade H., 2005. A survey
on the effect of different levels of irrigation features
on the qualitative and quantitative varieties of
sunflower. Rome, Italy, p. 82.
Unger P.W., 1992. Time and frequency of irrigation
effect on sunflower production and water use. Soil
Science, 46: p. 1072-1076.
Valad-Abadi A.R., Moradi-Aghdam A., Daneshiyan J.,
Zakeri H.R., Ghafari M.M., Roshdi, 2008. Effect of
plant density on plant phenology and some
agronomical rates of sunflower in water deficit
condition. Plant and Ecosystem. Islamic Azad
University, Shahiray Branch, No. 13, p. 86-103.
Vilalobos F.J., Hall A.J., Ritchie L.T., Orgaz F., 1996.
Oil Crop-Sun. A development, Growth, and yield
model of the sunflower crop. Agronomy Journal, 88:
p. 403-415.

Dihllon A.D., Sidhu M.S., 1995. Impact of irrigation on
sunflower productivity. Indian Journal of Plant
Physiology, 34: p. 108-113.
Granlund M., Zimmerman D.C., 1975. Oil content of
sunflower seeds as determined by wide line nuclear
magnetic resonance (NMR). In: Proc. N.D. Acad.
Sci. 27, p. 128-133.
Hoffman G.F., Howell T.A., Solomon K.H., 1990.
Management of Farm Irrigation Systems. ASCE
Publication.
Khajae-Pour M.R., 2004. Industrial crops. Esfahan
Industrial University. Jahad-Daneshgahi press, p. 422
Mozaffari K., Arshi Y., Zeinali-Khanghaa H., 1996.
Research on the effects of water stress on some
morphophysiological traits and yield components of
sunflower (Helianthus annuus L.). Seed Plant, 12 (3):
p. 24-33.
Pankovic D., Sakac Z., Kcvrosan S., Plesnicar M., 1999.
Acclimation to long term water deficit in the leaves
of two sunflower hybrids: photosynthesis, electron
transport and carbon metabolism. Journal of
Experimental Botany, 50:330, p. 127-138.

88

AgroLife Scientific Journal - Volume 3, Number 1, 2014
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

STUDY OF PHENOLOGICAL AND MOLECULAR ASPECTS
IN OLD ROMANIAN VARIETIES OF APPLE CONCERNING
THE RESISTANCE TO Venturia inaequalis
Dan Petrisor MANAFU1, Dorel HOZA1, Mihaela ERCULESCU2, Ligia ION1
1

University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd,
011464, Bucharest, Romania, Phone: 0213182564, Fax:0213182888, Emails:
ionnagyligia@yahoo.fr, dorel.hoza@gmail.com, manafu_dan@yahoo.com
2
Fruit Research Development Voinesti, Dambovita, Romania
Corresponding author email: ionnagyligia@yahoo.fr

Abstract
Using the process of breeding, the native apple varieties well adapted to the climate of Romania can be an
interesting premise for inducing natural genetic resistance to Venturia inaequalis. This paper aims to study in detail
the terms of phenological and molecular tools a few Romanian old apple varieties, ('Prescurate', 'Gurguiate',
'Sălciu', 'Venchi', 'Turnu', 'Calvil alb', 'Sângeriu', 'Iridium' etc) who showed in prior in the field conditions a natural
genetic resistance to scab and after these studies could be reconsidered and reassessed in new breeding programs
in Romania. For the beginning the screening with molecular markers to highlight the presence or absence of Vf
gene, is the first step in reconsidering these old varieties of apple.
Keywords: gene, apple, scab, resistance, Venturia inaequalis.

pathogenic attributes (genes) that play a
crucial role in invasion without causing much
damage to apple (MacHardy et al., 2001).
Plants have evolved a set of genes to detect
and mount resistance responses against
pathogens. Such genes are known as
resistance (R) genes, and the pathogenic
factors which are detected by the products of
these genes are called avirulence (avr) factors
because their presence renders the pathogen
avirulent (Dangl et al., 2001). This type of
interaction, popularly known as gene-for-gene
interaction, is followed by Venturia-Apple
pathosystem (MacHardy, 1996; Boone et al.,
1971). Several R gene containing loci have
been
isolated
from
apple
cultivars
(MacHardy, 1996; Gessler et al., 2006) and
efforts have been made to characterize the avr
genes of V. inaequalis (Table 1). According to
a new nomenclature proposed by Bus (Bus et
al., 2009), apple scab resistance genes are
named as Rvik (R refers to resistance gene, vi
refers to Venturia inaequalis, and k refers to
differential host) and the corresponding avr
genes of the pathogen are named as avrRvik.
During the course of coevolution, apple has
evolved mechanisms to prevent the severity of

INTRODUCTION
Apple scab also known as black spot, caused by

Venturia inaequalis (Cke.) Wint. is one of the
most serious diseases of apple reported from
almost all apple producing countries and
causes huge economic losses (up to 70%
reduction in apple production) (Biggs, 1990,
MacHardy et al., 2001). It might be evident
from this review that V. inaequalis is an
important plant pathogen because it causes
huge economic losses and also has a very
interesting lifestyle. It is an appropriate time
to sequence whole genome of the pathogen.
The availability of genome sequence will not
only stimulate research in the field of
Venturia-apple interactions and contribute to
the basic understanding of this pathosystem
but can also revolutionize the understanding
of pathogenesis of other obligate pathogens.
The genome sequence will help in
identification of targets for development of
new fungicides that are needed as the rapidly
evolving pathogen has overcome most of the
commonly used fungicides.
During the course of co-evolution, V.
inaequalis
has
accumulated
various
89

DNA extraction
DNA was isolated from leaves in all evaluated
genotypes. The genotypes were grown in
greenhouse
conditions.
Leaves
were
immediately fixed in liquid nitrogen and used
for extraction. The CTAB method according
to Saghai-Maroof (1984) was used.
The primers according to Tartarini et al.
(1999) were used for detection of dominant
allele Vf.

scab. The isolates of V. inaequalis provoke
variable symptoms on different apple cultivars
(MacHardy et al., 1996; Gessler et al., 1991,
Chevalier et al., 2006). Based upon the extent
of pathogen growth and nature of symptoms
imparted by them on different apple cultivars,
the responses are classified into class 0, 1, 2,
3a (syn. Class M), 3b (syn. Class 3), and 4
(Table 1). The classes 0 to 3 are considered to
be resistance responses while class 4 is a
susceptible response. Several monogenic and
polygenic loci capable of imparting scab
resistance have been identified from wild
cultivars of apple (MacHardy et al., 1996;
Gessler et al., 2006; Williams et al., 1969).
Interestingly, some of the susceptible cultivars
also demonstrate variable extent of resistance
against isolates of the pathogen (Sierotzki et
al., 1994). The matured leaves of apple
demonstrate ontogenic resistance because of
which the pathogen growth is suppressed
immediately after cuticle penetration and
appearance of disease symptom gets delayed
(MacHardy et al., 1996).

Molecular detection
For multi PCR two pairs of primers in single
reaction
were
used.
Primers
A
(5’TGAAAGAGAGATCCAGAAAGTG3’)
and B (5’CATCCCTCCACAAATGCC3’)
amplified a co-dominant marker. 466 bp
fragment characterized dominant allele Vf and
724 bp fragment characterized recessive allele
vf.
The
pair
of
primers
C
(5‘CGTAGAACGGAATTTGACAGTG3‘)
and D (5‘GACAAAGGGCTTAAG TGCTCC
3‘) amplified a marker of dominant allele Vf
(526 bp fragment) in the same reaction. The
composition of 25 ȝl multi-PCR was: 25 ng
DNA/25 ȝl, 0.2 ȝM primer A, 0.2 ȝM primer
B, 0.1 ȝM primer C, 0.1 ȝM primer D, 1.5
mM MgCl2, 0.2 mM dNTP, 0.8 U Taq/25 ȝl.
The program of amplification was: 1×(94°C –
150 s, 60°C – 60 s, 72°C – 120 s), 35×(94°C –
30 s, 60°C – 60 s, 72°C – 120 s) and 1×(72°C
– 600 s). All samples were also evaluated by
PCR test using the primers of pair E
(5‘GTAAAGCAAGCACTTCAACG‘) and F
(5‘GTAAAATAGATGTGTGGGTAGC‘),
according to Gianfranceschi et al. (1996).
This pair was able to amplify the 400 bp
marker of dominant Vf allele. The
composition of 25 ȝl reaction was: 10 ng
DNA/25 ȝl, 0.3 ȝM primer E, 0.3 ȝM primer
F, 2.5 mM MgCl2, 0.1 mM dNTP, 0.7 U
Taq/25 ȝl. Touchdown amplification steps
according to Hemmat et al. (1998) were
applied to amplify the PCR marker. The
program of amplification was: 1×(94°C – 120
s, 69°C – 120 s, 72°C – 120 s), 5×(94°C – 60
s, 68°C – 120 s, 72°C – 120 s), 5×(94°C – 60
s, 67°C – 120 s, 72°C – 120 s), 5×(94°C – 60
s, 66°C – 120 s, 72°C – 120 s),5×(94°C – 60
s, 65°C – 120 s, 72°C – 120 s), 5×(94°C – 60
s, 64°C – 120 s, 72°C – 120 s), 5×(94°C – 60
s, 63°C – 120 s, 72°C – 120 s), 5×(94°C – 60

MATERIALS AND METHODS
Plant materials
Plant material evaluated were included
progenies of six experimental crosses that
were the old apple varieties like ‘Prescurate',
'Gutuiate', 'Sălciu', 'Venchi', 'Turnu', 'Calvil
alb', 'Sângeriu', 'Iridium' performed in spring
2013 (Table 1).
Infection tests in greenhouse conditions
according to Chevalier et al. (1991) were used
for selection of resistant plants. Mixtures of
pathogen isolates were used for plantlet
inoculation. Seedlings were sprayed with a
conidial suspension of Venturia inaequalis
CKE. Seedlings were incubated for 48 hours
at 18°C and 100% relative air humidity.
Disease
symptoms
were
evaluated
macroscopically after 21 days of cultivation in
a greenhouse. Seedlings were divided into 5
classes. Plants in class 0 were without
symptoms of infection. Plants of class 4 had
lesions with full sporulation. For PCR
analyses only pre-selected seedlings without
symptoms of apple scab on the leaves - class 0
to 3 were used (Figures 2 and 3).
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with reduced sporulation; 4 = larger amount
of sporulation with strong chlorotic or
necrotic reactions, or a combination of both;
and 5 = sporulation without any resistance
symptom visible. Individuals scored 0 to 3
were considered resistant, whereas individuals
scored 4 or 5 were considered susceptible.
Sporulation was assessed as follows: 0, no
sporulation; 1, 0 < sporulation  1%; 2, 1% <
sporulation  5%; 3, 5% < sporulation  10%;
4, 10% < sporulation  25%; 5, 25% <
sporulation  50%; 6, 50% < sporulation 
75%; and 7, 75% < sporulation  100%. With
isolate 1066, a necrosis symptom appeared on
leaves 7 days after inoculation, sometimes in
addition to sporulation and other resistance
symptoms, and was scored as a qualitative
trait for its presence or absence on each
genotype, 7 to 12 days after inoculation.

s, 62°C – 120 s, 72°C – 120 s) and 1×(72°C –
480 s).
Amplified DNA fragments were visualized by
ethidium bromide (Sambrook et al., 1989).
RESULTS AND DISCUSSIONS
Two traits were scored on leaves both 14 and
21 days after inoculation: infection type, i.e.,
an ordinal scale adapted from the scale
defined by Chevalier et al. (1991), and
sporulation severity (sporulation), i.e., an
ordinal scale corresponding to the percentage
of leaf surface showing sporulation (described
by Lespinase et al., 1994 and modified by
Parisi). Infection type was defined as follows:
0 = no symptom; 1 = (pinpoint-sized) pits on
the leaf surface; 2 = chlorotic or necrotic
reactions, or a combination of both, with
possible shrinkage of the leaf without
sporulation; 3 = same symptoms as class 2

Table 1. Selection of resistant plants, according to Chevalier et al. (1991)
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Nombre de note
Combinations
Prescurate
Turnu
Sălciu
Venchi
Gurguiate
Iridium
Calvil alb
Vânători 48
Varga
Renet
Portocaliu
Costat
de
Albe܈ti
Andrifi܈er
Ro܈u Marin
Sângeriu
Total

0
7
2
2
8
0
0
0

Classes of symptoms
1
2
4
1-2
49
82
2
2
66
86
29
25
123
56
10
113
90
139
10
4
8
59
6
9
67
2
1
98

3A
13
5

3B
20
23

12
11
1
3
2

12
10
3
1
1
8

0

0

0

78

7

0
0
9
8
36

0
0
124
111
550

0
0
42
36
324

98
88
35
23
865

1
2
32
12
101

The resistant genotypes (‘Gurguiate’, ‘Venchi’
and ‘Iridium’) was able to manifest un
important level of resistance to scab, in
agreement with previous results observed by
other authors (among the 532 genotypes
evaluated, 156 (29.3%) were susceptible to
apple scab and 155 (29.1%) were resistant. A
priori, these proportions do not fit to any of the
different hypotheses described to date
regarding the genetic control of scab resistance
in apple (Durel et al., 2003)
In the case of resistant varieties (‘Rosu Marin’,
‘Sângeriu’) the result of PCR was three

2

Died
1

6
7
5

NL
45
36
40
36
146
13
45
32
34

Total
219
220
94
97
252
183
126
125
143

9

49

151

9

1

87

29

67
45
36
32
584

166
135
288
192
2391

amplified fragments (Figure 1). The pair of
primers A and B allowed the amplification of
two fragments of co-dominant marker. 466 bp
fragment corresponded to dominant allele Vf
and 724 bp fragment detected the presence of
recessive allele vf. The pair of primers C and D
in the same reaction confirmed the result of
amplification. In susceptible varieties (‘Turnu’,
‘Salciu) the 724 bp fragment corresponded to
recessive allele vf. The results of the method
applied to all genotypes are shown in Table1;
Figure 1 shows the results of PCR detection of
the studied gene in a collection of novel
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conditions were rather homogeneous between
experiments.

genotypes. Beside monogenic R genes, several
polygenic sources of scab resistance are
known. Several quantitative trait loci (QTLs)
imparting scab resistance and a number of
resistance gene analogs (RGA; containing LRR
and Nuclotide Binding Site domains) have been
identified from different apple cultivars.
Interestingly, quite a few of these R genes map
to the same locus.
M 1

2

3

4

5

6

7

8

9 10 11 12 13 14 C

Figure 1. The amplification of fragments of co-dominant
marker 466 bp fragment corresponded to dominant allele
Vf and 724 bp fragment detected the presence of
recessive allele vf

Figures 2 and 3. Disease symptoms after scab
inoculations

The colocalization of the RGAs, QTLs, and R
genes is a useful feature which should be
utilized in apple breeding programs to
cotransfer them into susceptible varieties. Since
the pathogen has rendered several of the
monogenic R genes ineffective, it will be useful
to pyramid several such genes or there
combination with other source of resistance for
imparting effective and durable scab resistance
as evolving resistance against the cocktail of
these genes might be a difficult task for the
pathogen. The availability of closely linked
molecular markers for most of the known
monogenic resistance genes and several other
resistance related genes will facilitate work in
this direction. In order to strategize breeding
programmes, international effort “Monitoring
of Venturia inaequalis virulences” has been
initiated to analyse whether a particular apple R
gene is breached by a particular race of
pathogen and to what extent that race is spread.
Scab incidence varied greatly between
experiments in the genotypes, which displayed
on average a strong to intermediate resistance
after inoculation (Figure 1).
These differences probably reflect differences
in aggressiveness or in virulence between
isolates, since inoculations and environmental

Some of the individuals scored as resistant
might be escapes. Some non growing
individuals also could have been accidentally
scored, leading to non representative scores,
owing to the occurrence of ontogenic resistance
in the older leaves. Nevertheless, the
calculation of the mean infection type over
replicates reduced the error due to the putative
occurrence of escapes. A higher concentration
for isolate 104 (>3×105 spores per ml) should
be used in further experiments to confirm the
high resistance level of the progeny.
Similarly, a lower inoculum concentration
(<3×105 spores per ml) should be used in
further experiments to confirm the high
susceptibility of the genotypes to scab isolates.
CONCLUSIONS
Understanding the mechanisms of Venturia
pathogenesis and intricacies of its interaction
with apple should provide important insights
for developing new strategies to combat the
disease. The whole genome mutagenesis screen
should be initiated to identify key virulence
factors. The availability of standardized
transformation methodologies in V. inaequalis
will facilitate such efforts. The mechanism
92

resistance to scab caused by Venturia inaequalis.
Theor. Appl. Genet., 93, p. 199-204.
Hrazdina G., Borejsza-Wysocki W., Lester C., 1997.
Phytoalexin production in an apple cultivar resistant
to Venturia inaequalis. Phytopathology, 87(8), p.
868-876.
Kucheryava N., Bowen J.K., Sutherland P.W. et al.,
2008. Two novel Venturia inaequalis genes induced
upon morphogenetic differentiation during infection
and in vitro growth on cellophane. Fungal Genetics
and Biology, 45(10), p. 1329-1339.
Lespinasse Y., 1994. Apple scab resistance and
durability. New races and strategies for the future. In:
Progress in temperate fruit breeding. Schmidt, H. &
Kellerhals, M. (Eds.), Kluwer Academic Publishers,
Dordrecht, p. 105-106.
MacHardy W.E, Gadoury D.M, Gessler C., 2001.
Parasitic and biological fitness of Venturia
inaequalis: relationship to disease management
strategies. Plant Disease, 85(10), p. 1036-1051.
MacHardy W.E., 1996. Apple Scab. Biology,
Epidemiology, and Management. St. Paul, Minn,
USA: APS.
Parisi L., Lespinasse Y., Guilaumes J., Kruger J., 1993.
A new race of Venturia inaequalis virulent to apples
with resistance to the Vf gene. Phytopathology, 83, p.
533-537.
Patocchi A., Frei A., Frey J.E., Kellerhals M., 2009.
Towards improvement of marker assisted selection of
apple scab resistant cultivars: Venturia inaequalis
virulence surveys and standardization of molecular
marker alleles associated with resistance genes.
Molecular Breeding, 24(4), p. 337-347.
Saghai-Maroof M.A., Soliman K.M., Jorgensen R.A.,
Allard R.V., 1984. Ribosomal DNA spacer-length
polymorphism in barley: Mendelian inheritance,
chromosomal location and population dynamics.
Proc. Nat. Acad. Sci. USA, 81: p. 8014-8019.
Sambrook J., Maniatis T., Fritsch E.F., 1989. Molecular
cloning. A laboratory manual. 2nd ed. Cold Spring
Harbour Lab. Press.
Sierotzki H., Eggenschwiler M., Boillat O., McDermott
J.M., Gessler C., 1994. Detection of variation in
virulence toward susceptible apple cultivars in
natural populations of Venturia inaequalis.
Phytopathology, 84(10), p. 1005-1009.
Soufflet-Freslon V., Gianfranceschi L., Patocchi A.,
Durel C.E., 2008. Inheritance studies of apple scab
resistance and identification of Rvi14, a new major
gene that acts together with other broad-spectrum
QTL. Genome, 51(8), p. 657-667.
Tartarini S., Gianfransceschi L., Sansavini S., Gessler C.,
1999. Development of reliable PCR markers for the
selection of the Vf gene conferring scab resistance in
apple. Plant Breed., 118, p. 183-166.
Williams E.B., Kuc J., 1969. Resistance in Malus to
Venturia
inaequalis.
Annual
Review
of
Phytopathology, 7, p. 223-246.

involved in breakdown of R gene mediated
resistance by the pathogen should be explored.
Understanding defense response associated
signal transduction pathway of apple and
characterizing key genes involved in imparting
resistance will be very useful in engineering
scab resistant apple. Availability of microarray
platform for apple could trigger research to
characterize the defense response associated
transcriptome. The proteomics approach can be
an alternative for this purpose. Pyramiding
different resistance and defense related genes
into a single cultivar seems to be helpful in
imparting effective and durable resistance.
Conventional breeding might take years to
achieve the goal but using the old apples
varieties approach the goal can be achieved in a
lesser span of time.
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Abstract
In this paper we present our results concerning further screening for optimal concentration of dispersant (Nacol C),
nutrients and diesel oil to sustain metabolic activity of marine autochthonous microbiotain order to enhance the
biological consumption of diesel oil. The results show that the overall metabolic activity (reported as ng reduced
resazurine/hour/wheel), is decreased by diesel addition (10% final “concentration”) either in the absence or in the
presence of dispersant (Nacol C 1/10.000 dilution); inorganic nutrients additions (both ammonium acetate and
ammonium phosphate 0.5%) greatly (4 to 10 times) increase the rate of resazurine reduction whereas further organic
nutrient addition sustains an even higher rate of resazurine reduction. Diesel oil consumption is 1.5 times enhanced by
dispersant addition but organic and/or inorganic nutrients additions do not have a further effect on diesel consumption,
the values obtained being within the level of standard deviations.
Keywords: diesel oil consumption, dispersant (Nacol C), resazurine, microcosms, Black Sea.

into a wide range of small and larger oil
droplets. Most of the oil droplets are large (0.1
- several mm in diameter), and rise quickly
back to the sea surface where they coalesce and
reform a thin oil film when the wave has
passed, while the very smallest oil droplets will
become dispersed into the water column. The
addition of dispersants is intended to accelerate
this natural process and rapidly convert a much
larger proportion of the oil slick into very small
oil droplets. The formation of these small oil
droplets enhances the biological degradation of
the oil in the marine environment by increasing
the oil surface area available to microorganisms capable of biodegrading the oil
(Lewis, 2001). However, the use of dispersants
in near shore areas is expected to increase the
exposure of aquatic organisms to petroleum
(Milinkovitch et al., 2011). If a crude oil spill is
not treated, it will require long period of time to
naturally biodegrade. It nearly takes 22 years
for complete biodegradation of one kilogram
crude oil by natural processes (Venosa and
Xueqing, 2003).

INTRODUCTION
Extensive oil exploration activities sometimes
lead to (severe) environmental pollution
(Atlas, 1981; Venkateswaran et al., 1995; Habe
and Omori, 2003; Zhang et al., 2010). In the
last decades, there is an increasing interest in
the use of dispersants to enhance hydrocarbon
degradation by microorganisms (Atlas, 1981;
Lewis, 2001; Cohen, 2002; Van Hamme et al.,
2003; Molina-Barahona et al., 2004; Head et
al., 2006; Kempf, 2010; Shata, 2011; Uzoigwe
et al., 2012; Manea and Ardelean, 2013; Manea
et al., 2013). Dispersants are chemicals that are
used to disperse floating oil into the water
column, thus increasing the surface area of oil
and facilitating the biodegradation of oil. In the
absence of dispersants the oil slick remains
practically compact at the sea surface, the
natural dispersion being the only way to break
the oil silk. Natural dispersion of an oil slick
occurs when waves cause all or part of the oil
slick to be broken up. When a breaking wave
(at > 5 m/s wind speed) passes through an oil
slick at sea, the oil slick is temporarily broken
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collectedfrom eachmicrocosmto determine:
metabolic activity (reduction ofresazurine) and
consumptionof diesel oil.

Based on literature (Atlas, 1981; Lewis , 2001;
Cohen, 2002;Van Hamme et al., 2003; MolinaBarahona et al., 2004; Head et al., 2006;
Kempf, 2010; Shata, 2011; Enon et al., 2011;
Uzoigwe et al., 2012) and on our previous
experiments concerning the screening for
optimal concentrations of nutrients, dispersant
and diesel oil to enhance microbial growth and
metabolic activity (Ardelean et al., 2009; Ghita
and Ardelean, 2010, 2011, 2012; Popoviciu and
Ardelean, 2011; Manea and Ardelean, 2013;
Manea et al., 2013 ), in this paper we focus on
the relationships between the rate of metabolic
activities and the consumption of diesel oil by
endogenous marine microbiota incubated at 15
C in protist-free bacterial communities (filtered
sea water).

Figure 1A. Microcosms bottles

MATERIALS AND METHODS
Sampling
The sea water used in this experiment was
collected in sterile bottles from the Black Sea at
0.5m depth (Constanta; 44o21"14'N; 28o64"43'
E), then was filtrated with 0.45 μm Millipore
filter to avoid the inclusion of bacteriovores
microorganisms
(e.g.
heterotrophic
nanoflagellates) in the filtrate. However, it has
to remember that 0.45 μm filtration causes the
exclusion from the microbial community of
larger bacteria as well, which are, in general, in
good metabolic status; however, the
elimination of bacteriovores is needed in order
to overcome sub-evaluation of microbial cell
densities (Cynar et al., 1985; Jurggens et al.,
1999; Vazquez-Dominguez et al., 2005; Sherr
and Sherr, 2002).

Figure 1B. Composition of the five types of microcosms

Metabolic activity of the samples was carried
outas previously shown (Manea and Ardelean,
2013). Resazurin (10-oxide 7-hydroxy-3Hphenoxazin-3-one) is a blue non-fluorescent
dye; it can be reduced by metabolically active
cells to resorfine (pink and highly
fluorescent), which can be further reduced to
(colorless
and
nonhydroresorufin
fluorescent). Resazurine was used primarily
as an indicator of oxidation-reduction
reactions in cell viability tests (Figure 2). The
test is used from about 50 years for
monitoring bacterial contamination of milk
also for assessing the quality of the semen.
Recently resazurine became very popular as a
simple and versatile method for measuring cell
proliferation and cytotoxicity (O'Brien et al.,
2000).

Microcosms
Five microcosms were constructed in glass
transparent bottles with: 200 mL of filtered
seawater (0.4 μm pores, in order to eliminate
bacteriovorus microorganisms and to overcome
the sub-evaluation of microbial cell densities),
different quantities of organic nutrients (1/10
yeast- peptone medium), and inorganic
nutrients (both ammonium acetate and
ammonium phosphate 0.5%), diesel oil (10%)
and dispersant (Nacol C-1/10.000) were added
as is shown in Figure 1.
The five microcosms were then incubated at
15°C in the dark.Periodically samples were

Figure 2. Resazurine reduction
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Conversion of resazurin to resorufin is
proportional to the number and metabolism
intensity of cells present in a population. In
each wheel 5ng resazurine was added and the
optical densities were readed at 570 and 600
nm at appripriate intervals for a period of 450
hours. The microplate was incubated at 15 °C
during the experiment. The amount of reduced
resazurin was calculated according to the
formula (1) (Al-Nasiry et al., 2007).

Van Hamme et al., 2003; Molina-Barahona et
al., 2004; Munn, 2004; Head et al., 2006;
Ducklow, 2008; Gasol ,2008; Kirchman, 2008;
Kemp, 2010; Shata, 2011; Enon et al., 2011;
Popoviciu and Ardelean, 2011; Uzoigwe et al.,
2012.; Ardelean et al., 2009; Ghita and
Ardelean, 2010, 2011; 2012; Manea and
Ardelean, 2013; Manea et al., 2013).
When it comes to diesel addition, the situation
deserves further attention. In M2, where only
diesel is supplemented to sea water, the rate of
( Eoxi 600 xA570 ) − ( Eoxi 570 xA600 )
resazurine reduction, all over the experiment, is
% resazurin =
( Ered 570 xA” 600 ) − ( Ered 600 xA”570 ) lower as compared to control (M1) with the
exception of one sampling time. These results
(1)
suggest that pollutant (diesel oil) addition
where:
causes a decrease in the intensity of metabolic
Eoxi600-= molar extinction coefficient of resazirin in the
activity of endogenous marine microbiota
oxidized form at 600 nm=117,216
which is in agreement with previous
Eoxi570-= molar extinction coefficient of resazirin in the
reportedresults (Atlas, 1981; Venkateswaran et
oxidized form at 570 nm=80,586;
al.,
1995; Habe and Omori, 2003; Zhang et al.,
Ered570- molar extinction coefficient of resazirin n the
2010; Manea and Ardelean, 2013; Manea et al.,
reduced form at 570 nm=155,677;
Ered600- molar extinction coefficient of resazirin in the
2013).
oxidized form at 570 nm=14,652;
A570 -absorbance of test wells at 570 nm;
A600-absorbance of test wells at 600 nm;
A”600- absorbance of negative control.

Table 1. The time evolution of metabolic activity
(measured as ng/resazurine/hour/wheel) of endogenous
microbiota in the filtered sea water microcosms,
supplemented with dispersant (Nacol C), diesel oil,
inorganic ans organic nutrients (sea materials
and methods for details). The standard deviations are
within 10%

Determination of diesel oil consumption in
the microcosms was performed by extraction
with toluene (Odu, 1972), as follows: 5 ml of
samples taken from microcosms were mixed
with 2 ml of toluene, the mixture was strongly
mixed and then centrifuged 10 minutes at 8000
rpm. Then the supernatant was collected and
read absorbance at 420 nm. Based on the
standard curve the amount of diesel consumed
in microcosms was calculated.

Days

0

7

14

27

35

42

48

M1
M2
M3
M4
M5

0.52
0.35
0.47
1.7
6.56

0.67
0.45
0.46
1.34
3.46

0.91
0.62
0.76
1.77
3.46

0.57
0.73
0.91
1.57
2.35

0.5
0.51
0.51
6.67
6.69

0.84
0.38
0.4
2.75
7.06

0.55
0.3
0.27
1.64
4.12

Similar results have been obtained in the
presence of both diesel and dispersant (M3), in
agreement with our previous results concerning
the absence of toxicity of this dispersant at this
low concentration (Manea and Ardelean, 2013;
Manea et al., 2013). Inorganic nutrient addition
(both ammonium acetate and ammonium
phosphate 0.5%) to M4 greatly increase the
rate of resazurine reduction as compared with
the rate measured in their absence (M1-M3);
further organic nutrient addition to M5 (see
materials and methods) sustains 2-3 times
higher rate of resazurine reduction in M5 as
compared with the rates measured with no
organic supplements (M4). All these results are
in agreement with reports in the literature
(Atlas, 1981; Venkateswaran et al., 1995; Habe

RESULTS AND DISCUSSIONS
In Table 1 there are presented the results
concerning the rate of resazurine reduction,
(expressed as ng resazurine/hour/wheel) during
the experiment by native microbiota living in 5
types of microcosms. As one can see, the rate
is lower in control (M1) as compared with the
microcosms where inorganic nutrients have
been added (M3-M5), suggesting that inorganic
nutrients addition sustain an increase in
metabolic activity of marine endogenous
microbiota. This increase is in agreement with
reports in the literature (Fuhrman and Azam,
1980; Atlas, 1981; Lewis, 2001; Cohen, 2002;
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Barahona et al., 2004; Head et al., 2006;
Kempf, 2010; Shata, 2011; Uzoigwe et al.,
2012).

and Omori, 2003; Zhang et al., 2010)
suggesting that the concentrations of inorganic
and organic nutrients in unpolluted marine
environments are in limiting concentrations
(De Long and Karl, 2005; Costello et al., 2010;
Liu et al., 2010).
In the next figure there are presented the results
concerning the time evolution of diesel
consumption in the four type of microcosms
(M2-M5).
Table 2. The time evolution of diesel consumption by
endogenous microbiota in the filtered sea water
microcosms, supplemented with dispersant (Nacol C),
diesel oil, inorganic and organic nutrients (sea materials
and methods for details). The standard deviations are
within 10%
Days
M1
M2
M3

7 days
0
0.7
1.3

14 days
0
0.19
2.7

35 days
0
2.1
3.2

M4
M5

1.5
1.6

2.5
2.9

3.4
3.3

M1

M2

Figure 3a. Microbial cells spatial distribution in the
absence of dispersant: (M1 and M2) but in the presence
of diesel oil (M2)

Dispersant addition (M3) 1.5 times increases
diesel consumption by endogenous microbiota,
as compared with M1, where only diesel has
been added to filtered sea water. These results
are in agreement with the use of different types
of dispersants (non toxic at the working
concentration) to enhance the complex
interactions between microbial cells and
petroleum hydrocarbons, thus sustaining an
increased rate of pollutant consumption (Atlas,
1981; Lewis, 2001; Cohen, 2002; Van Hamme
et al., 2003; Molina-Barahona et al., 2004;
Head et al., 2006; Kempf, 2010; Shata, 2011;
Uzoigwe et al., 2012; Manea and Ardelean,
2013; Manea et al., 2013). As shown in Figure
3, in the absence of diesel oil (M1), one
typically can see only isolated prokaryotes,
labeled with acridine orange (Ghita and
Ardelean, 2010), whereas in the presence of
diesel, cells starts to aggregate (M2) (Figure 3);
furthermore, in the presence of dispersant (M3M5) one can see micro-vesicles with different
size, having bacteria at the surface and, the
larger ones ,true micro- bioreactors, containing
inside them dense populations of bacteria
(Figure 3); This spatial arrangement of bacteria
at the level of micro-vesicles enhances the
physical contact between cells and diesel oil,
and its consumption by bacteria (Lewis, 2001;
Cohen, 2002;Van Hamme et al., 2003; Molina-

M5

M3

Figure 3b. Microbial cells spatial distribution in the
presence of both dispersant and diesel oil (M3 and M5).
Similar results in M4

As shown, diesel oil consumption is slightly
(1.5 times) enhanced by dispersant addition
(M3 as compared with M2) but organic and/or
inorganic nutrients additions do not have an
effect on diesel consumption, the values
obtained being within the level of standard
deviation.. However, the increase in diesel
consumption (1.5 times) is far much lower as
compared with the increase in resazurine
reduction rates (10 times or more), suggesting
that, in our experiments, inorganic and organic
nutrients additions has a limited positive effect
on diesel oil consumption, but a strong positive
effect on general metabolic activity of the
endogenous microbiota, as measured by the
rate of resazurine reduction.
CONCLUSIONS
Metabolic activity(reported as ng reduced
resazurine/hour/wheel), as compared with the
control (M1) is decreased by diesel addition
(10% final “concentration”) either in the
absence (M2) or in the presence of dispersant
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(Nacol C 1/10.000 dilution). Inorganic
nutrients additions (both ammonium acetate
and ammonium phosphate 0.5%) greatly (4 to
10 times) increase the rate of resazurine
reduction in M4, as compared with the rate
measured in their absence whereas further
organic nutrient addition to M5 sustains a 2-3
times higher rate of resazurine reduction as
compared with M4. Diesel oil consumption is
slightly (1.5 times) enhanced by dispersant
addition (M3 as compared with M2) but
organic and/or inorganic nutrients additions do
not have an effect on diesel consumption, the
values obtained being within the level of
standard deviation.
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Abstract
Potato (Solanum tuberosum L.) is one of the most important food plants worldwide and holds over 18.6 million ha all
over the world (FAO, 2011).
In Romania, potato crops occupied areas between 250 and 300 thousand hectares after 1950, ranking 18th in the world
and 2nd - 3rd in Europe in terms of total tuber production.
The expansion of potato crops, including in southern Romania, is based on the extensive research conducted under
ICAR between 1950 and 1967 and ICCS Brasov in 1967.
Research conducted on the chromic luvosoil of Moara Domneasca Didactic Farm in 2013 aimed at checking the
suitability of three potato varieties for the conditions of the area - Riviera, Bellarosa and Everest; the varieties were
grown both as a non-irrigated and moderately irrigated crop (at a hydric regime specific to the normal one in the
area).
Observations and measurements were made on the emergence and development of plants, tubers, tuber production and
commercial quality.
In 2013, the variety Bellarosa achieved a maximum tuber yield 29,203 kg/ha, of which 25,494 kg/ha were tubers over
55 mm in size.
Keywords: Solanum tuberosum L., potato, irrigated, tuber yield.

consumer’s location, with direct effects on the
selling price. Therefore, it is very useful to
produce these food types close to the
consumer’s location, especially in the large
urban areas.

INTRODUCERE
Potato (Solanum tuberosum L.) is one of the
most important crop plants, owing to its role
both as food and raw material for industry.
Although it has high ecological plasticity,
potato manifests some demands for climate and
soil conditions (Berindei, 1960, 1977).
In Romania potato has occupied an important
place in agricultural production, the annual
grown areas generally varying between 250 and
300 thou ha after 1950, which made Romania
rank 2nd - 3rd in Europe (FAO Database 2011,
MADR 2010, Romanian Statistical Yearbook
2012).
Research conducted after 1950 by the
Romanian Institute of Agronomic Research
(ICAR) and since 1967 by the Potato and
Beetroot Research Institute (ICCS) have
contributed to the expansion of the potato crop
to other Romanian ecological areas.
Potato is a volume product; therefore, it
involves the transport of large amounts of
goods from the production site to the

MATERIALS AND METHODS
The experiment was established within the
Moara Domneasca Didactic Farm - Ilfov,
belonging to the University of Agronomic
Sciences and Veterinary Medicine of
Bucharest, located at about 15 km far from the
Capital. The soil type was chromic luvosoil.
We used three potato varieties: Riviera,
Bellarosa and Everest, grown under nonirrigated and moderately irrigated
crop
conditions.
Crop fertilization was based on organic
mineral, i.e. 25 t/ha manure and chemical
fertilizers (NPK complex and urea), in order to
provide macroelements at rates of 120 kg
a.s./ha nitrogen, 70 kg a.s./ha phosphorus, and
100 kg a.s./ha potassium.
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while the average temperature was 1.80C
higher than the normal standard.
In June 2013, the 99 mm rainfalls recorded a
favourable influence on the tubercle yield.

The crop was established on 20 March 2013, at
a density of 5 tubercles/m2. Pre-emergent
herbicidation by Sencor 1 kg/ha.
We applied two weeding works, two treatments
with Ridomil Gold Plus (3 kg/ha) for blight
control - Phytophtora infestans, and one
treatment at the end of June, based on Calypso
480 SC (0.1 l/ha) for the control of the pest
Leptinotarsa decemlineata.
Watering included moderate water amounts,
i.e. 250 m3/ha, applied between May and July;
the total amount, i.e. 1,000 m3/ha (100 mm)
increased the hydric regime of the area (slightly
over the normal standard).
During the vegetation period, we performed
biometric obserations and measurements –
emergence time, talk number, stalk height, leaf
number, stalk biomass, tubercle number,
tubercle calibre.

Table 1. Climatic conditions at Moara Domnească
Month

March
April
May
June
July
Average /Sum
Mar – Jul

Temperature (0C)
Year
Normal
2013
4.9
4.4
13.1
11.2
19.5
16.5
22.6
20.3
23.3
22.1
16.68
14.88

Rainfalls (mm)
Year
Normal
2013
27
31.6
19.1
48.1
44
67.7
99
86.7
26.2
63.1
206.3
297.2

Crop plant development
Tabels 2 present aspects of potato plant
development on June, depending on the variety
and hydric regime. The Bellarosa variety
recorded the highest values of the parametres
under analysis, both under irrigated and nonirrigated conditions, while the Riviera variety
recorded the lowest values.
In 2013, irrigation determined an average
increase in stalk height by 14.2%, leaf
number/stalk by 9.8%, and leaf length by 9.3%
(Table 3).

RESULTS AND DISCUSSIONS
Climatic
conditions
in
the
Moara
Domnească area
The climatic conditions for 2013 (Table 1)
have exerted a direct influence on crop plant
development. The thermal and pluviometric
regime recorded deviations from the
multiannual average values. In March-July
2013, rainfalls recorded 206.3 mm, i.e. 90.9
mm less than the normal standard (297.2 mm)

Table 2. Influence of variety on some morphological parametres of potato plants, 2013
Variant

Variety

Nonirrigated

Irrigated

Riviera
Bellarosa
Everest
Average (C)
Riviera
Bellarosa

Stalk height
(cm)
31.3
49.2
36.0
38.8
34.0
56.4

Everest
Average (C)

42.5
44.3

%
80.7
126.8
92.8
100
76.8
127.3

Average leaf
number/ stalk
11.5
13.0
12.0
12.2
13.0
14.0

95.9
100

13.3
13.4

%
94.3
106.6
98.4
100
97.1
104.5

Average leaf
length (cm)
17.2
22.0
19.0
19.4
19.0
23.2

%
88.7
113.4
98.0
100
89.7
109.4

99.3
100

21.5
21.2

101.4
100

(C = Control)

Table 3. Influence of water supply on some morphological parametres of potato plant, average values of the
three varieties in 2013
Variant
Non-irrigated
Irrigated

Stalk height
(cm)
38.8
44.3

%
100
114.2

Average leaf
number/stalk
12.2
13.4

101

%
100
109.8

Average leaf
length (cm)
19.4
21.2

Stalk height
(cm)
100
109.3

variety under irrigated conditions. Large
tubercles (over 55 mm) recorded an average
weight of 84.4 g (the highest was 92.6 g in the
Bellarosa
variety)
under
non-irrigated
conditions, and 102.3 g (the highest was 106.6
g in the Riviera variety) under irrigated
conditions. Crop irrigation under the conditions
of Moara Domneasca in 2013 resulted in
increased average weight of the tubercles by
14.6% and 21.2% in the mass of tubercles over
55 mm in diameter.

Tubercle yield
The dynamic analysis of the tubercle yield in
the three potato varieties and in accordance
with water supply (Table 4) shows that, at the
end of May, the Riviera variety had resulted in
a tubercle yield 19.4% higher than the average
of the varieties grown under non-irrigated
conditions and 21.2% higher than the irrigated
crops.
The additional water supply in May (250
m3/ha) resulted in a 17.8% average increase in
the yield, compared with the non-irrigated crop.
The tests performed on 30 June 2013 showed
that the Bellarosa variety recorded the highest
production, i.e. 19,677 kg/ha under nonirrigated conditions, and 24,211 kg/ha under
irrigated conditions, exceeding the average of
the experimental variants by 11.6% and 10.4%,
respectively.
The last harvest occurred on 20 July 2013,
when the average yield of the three potato
varieties was 20,842 kg/ha under non-irrigated
conditions and 26,291 kg/ha under irrigated
conditions (irrigation resulted in an average
yield increase of 26.1%). The highest yield, i.e.
29,203 kg/ha, was recorded in the Bellarosa
variety under irrigated conditions. The Riviera
variety recorded the best response to irrigation,
achieving a 33.2% increase in the yield,
compaared with the non-irrigated crop.
Tubercle size was significantly influenced by
watering (Table 5). The share of tubercles
exceeding 55 mm in diameter recorded an
average increase of 45.7%, compared with the
non-irrigated crop (22,970 kg/ha). The
Bellarosa recorded the highest level of 25,494
kg/ha large tubercles, while the Riviera variety
recorded the best response to irrigation by
increasing the share of large tubercles,
compared with the non-irrigated variant (61.5%
increase).

Table 4. Tubercle yield rate depending on variety and
hydric regime, Moara Domneasca, 2013
Variety

Non-irrigated
Yield
kg/ha

%

Irrigated
Yield
kg/ha

%

Increase
%
compared
with nonirrigated
variant

Riviera

8,944

25 May 2013
119.4
10,690

121.2

119.5

Bellarosa

7,698

102.8

8,986

101.9

116.7

Everest

5,824

77.,8

6,781

76.9

116.4

Average (C)

7,489

100

8,819

100

117.8

Riviera

17,347

30 June 2013
98.4
22,589

103.0

130.2

Bellarosa

19,677

111.6

24,211

110.4

123.0

Everest

15,891

90.1

18,928

86.3

119.1

Average (C)

17,638

100

21,909

100

124.2

Riviera

19,802

20 July 2013
95.2
26,374

100.3

133.2

Bellarosa

23,795

114.4

29,203

111.1

122.7

Everest

18,928

91.0

23,296

88.6

123.1

Average (C)

20,842

100

26,291

100

126.1

LSD 5%= 1612.4 kg; LSD 1%= 2346.2 kg; LSD 5%= 3525.9 kg;

Table 5. Yield of edible tubercles over 55 mm
Variety

Average tubercle weight depending on the
variety and hydric regime
The average tubercle weight depending on the
variety (Table 6) on 20 July 2013 varied
between 70 g in the Everest variety and 76.27 g
in the Bellarosa variety under non-irrigated
conditions, and between 81.35 g in the
Bellarosa variety and 89.3 g in the Riviera

Non-irrigated

Irrigated

Increase
%
compared
with nonirrigated
variant

Yield
kg/ha

%

Yield
kg/ha

%

Riviera

14,554

92.3

23,499

102.3

161.5

Bellarosa

19,131

121.3

25,494

111.0

133.3

Everest

13,628

86.4

19,918

86.7

146.2

Average
(Control)

15,771

100

22,970

100

145.7

LSD 5%= 918.8 kg; LSD 1%= 1517.9 kg; LSD 5%= 2159.3 kg;
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Table 6. Influence of variety and hydric regime on average tubercle weight, 20 July 2013
Non-irrigated

Irrigated

Average
tubercle
weight
g

%

Average
tubercle
weight
>55 mm
g

%

Average
tubercle
weight
g

%

%
compared
with nonirrigated
variant

Average
tubercle
weight
>55 mm
g

%

Variety

%
compared
with nonirrigated
variant

Riviera

74.38

101.4

83.3

98.7

89.30

106

117.1

106.6

104.2

128

Bellarosa

76.27

103.7

92.6

109.7

81.63

96.9

107

97.3

95.1

105.1

Everest

70.00

95.0

81.9

97.0

82.35

97,7

117.6

104.1

101.8

127.1

Average
(Control)

73.53

100

84.4

100

84.26

100

114.6

102.3

100

121.2

The irrigation resulted in increased average
weight of the potato tubercles by 14.6%, and of
the tubercles over 55 mm in diameter by
21.2%.
The crop conditions specific for Moara
Domneasca provide high tubercle yield and
potato commercial quality, which offers the
possibility to grow potato in this peri-urban
area of Bucharest.

CONCLUSIONS
The rainfalls that occurred during the
vegetation period were under the normal
standard of the area. However, given that a
significant amount of the rainfalls (96.2 mm)
was recorded at the end of June, they played an
important part in crop formation.
Under the irrigation conditions of 2013, the
plants recorded an average increase in stalk
height by 14.2%, leaf number/stalk by 9.8%,
and leaf length by 9.3%, compared with the
non-irrigated plants.
At early harvest (25 May), the Riviera variety
recorded the best yield, exceeding the average
of the varieties by 19.4% under non-irrigated
conditions, and by 21.2% under irrigated
conditions.
Starting with June, the Bellarosa variety ranks
first in the yield level. Total tubercle yield was
23,795 kg/ha in the Bellarosa under nonirrigated conditions, and 29,203 kg/ha under
irrigated conditions.
In all the three variants, the yield of tubercles
over 55 mm in diameter was 15,771 kg/ha
under non-irrigated conditions, and 22,970
kg/ha under irrigated conditions; the highest
level was recorded in the Bellarosa variety.
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Abstract
Selenium is a microelement necessary for normal growth, development and reproduction. In our research on carp at
intensive breeding, we followed up the effects of selenium supplementation on the activity of the selenoenzyme
glutathione peroxidase (in erythrocytes and in liver) and type I deiodinase (in serum). The experiments were performed
in experimental pools in the fish farm “Boshava” during 2010, by introduction of inorganic (sodium selenate) and
organic selenium (selenium starter) in supplemental food for young carps (0+). That way, at the end of the experiment
a statistically significant length and weight growth was noticed in the youngsters’ groups fed with selenium
supplemented food, compared to the control group fed without selenium supplement. Low mortality in the pools where
selenium enriched food was implemented must be particularly pointed out. Mortality in the control group was 17.5%, in
the group with inorganic selenium supplement 12.3%, and in the group with organic selenium supplement only 0.7%.
In laboratory conditions we followed up the influence of cadmium in water (1.5 mg/l) on the activity of the enzyme
glutathione-S-transferase, an enzyme important in the biotransformation of various pollutants. The activity of this
enzyme is in correlation with the activity of the selenium-dependent enzyme, glutathione peroxidase. In relation to the
control group, in the groups supplemented with selenium an increase of glutathione peroxidase activity in erythrocytes
and liver was found, with simultaneous decrease of glutathione-S-transferase activity in carps’ plasma and liver.
Keywords: activity of enzymes, fish nutrition, selenium.

cofactor of a few enzymes (selenoenzymes) is
known.
Selenium-dependent
glutation
peroxydase (GSH-Px) and iodithyronine
deiodinase, an enzyme important to thy- reoid
hormogenesis, are among the most important
selenoenzymes.
Glutation peroxydase was discovered in 1957
(Mills, 1957) and is present in almost all the
cells of the vertebrates. Its spread in
invertebrates is not completely determined yet.
However, it is known that insects don’t contain
it (Pritsos et al., 1988; Grubor-Lajsic et al.,
1996; Grubor-Lajsic et al., 1997). It is also
absent in high-life plants and bacteria
(Halliwell et Gutteridge, 1989). Glutation
peroxidase is part of the enzymatic system of
antioxidant protection, which has developed
during the evolution with the purpose of
elimination and mitigation of the negative
impact of reactive oxygen particles (free
oxygen radicals and molecules of great
reactivity, like the hydrogen peroxide) that are
produced in each aerobic cell. Glutation
peroxidase catalyses the reduction of numerous
organic hydroperoxides as well as of hydrogen

INTRODUCTION
It is necessary to take in more than 20 elements
in the form of various inorganic compounds
into the organism of a vertebrate for its normal
functioning. These inorganic nutrients are
classified in two groups - macroelements
needed
in
larger
amounts
(calcium,
phosphorus, magnesium) and microelements,
needed in milligramic and microgramic
amounts (iron, iodine, zinc, copper, selenium,
nickel, cobalt, molybdenum). The elements of
both groups have different functions within the
cell and the organism, and are necessary for the
survival of each live cell.
The importance of selenium for live
organisms
Selenium is a microelement necessary for
normal growth, development and reproduction.
Chemically similar to sulphur, selenium is
present in many proteins in the form of
selenocysteine or selenomethionine. Though
the role of all these proteins is not completely
elucidated yet, the role of selenium as a
104

(in serum). Via determining the activity of
other antioxidative protection enzymes
(superoxide-dismutase, catalase, glutation-Stransferase), we tried to perceive their
characteristics and mutual relations within this
complex system. Via determining the basic
biometric and haematologic parameters, we
followed up the health condition of fish, their
increment and survival.

peroxide, and the reduced form of glutation is a
cofactor of this enzyme.
Exposure of fish to oxidative stress
The concentration of oxygen in the atmosphere
is relatively constant, but in aquatic
environments it often comes to fluctuations,
first of all because of temperature variations.
For that reason fish are especially exposed to
the danger of oxidative stress, originated at
abrupt oxygen concentration changes. Good
antioxidative protection of these organisms is
necessary because of the prooxidative action of
various organic xenobiotics and heavy metals,
often present in aquatic environments. Beside
that, lipids, especially those with polyunsaturated fatty acids, present in fish tissues in
higher percentage, are particularly liable to
oxidative changes. The existence of nuclei and
other
membranic
organelles
in
fish
erythrocytes,
makes
fish
erythrocytes
particularly sensitive to free radicals’ action.
And the haemoglobin too, which is additional
source of generating reactive oxygen particles,
is relatively high in fish erythrocytes. Therefore
it is no surprise that one of the highest values of
glutation peroxidase activity values is seen
exactly in fish erythrocytes (Matkovics et al.,
1977).
Although the World Health Organization
(WHO) as early as 1987 recommended fish
meat as a source of selenium in nutrition, there
are very few data on selenium application in
nutrition of fish and the role of this
microelement in their metabolism.
Selenium absorption depends on its chemical
form. It is known that inorganic selenium forms
(sodium selenite and sodium selenate) quickly
show their effect by increasing the amount of
selenium in plasma and the activity of
selenium-dependant peroxidase, but this effect
is short-lasting. The selenium contained in
organic chemical compounds (starter cultivated
on selenium containing bed, so called selenium
starter) has slower but prolonged effect on the
selenium level and the activity of
selenoenzymes.
In our research on carp at intensive breeding,
we followed up the effects of selenium
supplementation on the activity of the
selenoenzyme
glutation
peroxidase
(in
erythrocytes and in liver) and type I deiodinase

MATERIALS AND METHODS
The experiments were performed in
experimental pools (1.0 ha in area) in the fish
farm “BOSHAVA” during 90 days, by
introduction of inorganic (sodium selenate) and
organic selenium (selenium starter) in
supplemental feed for young carps (0+).
Proximate composition of the basal diet was
38% crude proteins, 4% crude fat and moisture
9%. Inorganic selenium (sodium selenate) and
organic selenium (selenium starter) were added
to the experimental basal feed at the rate of 0.5
mg/kg feed. During the feeding trial, the carps
were counted and weighed the body mass and
body length individually, ten per group. Blood
samples were withdrawn from the caudal vein
often fish from each treatment. Aliquots of
blood samples were used to determine the
selenium glutathione peroxidase (GSH-Px)
activity. 6 carps were collected randomly from
each experimental group at the end of the
experiment, sacrificed and the liver was
removed. The selenium glutathione peroxidase
(GSH-Px) activity in the blood was determined
spectrophotometrically according to the
modification of the technique of Paglia and
Valentine (1967). The survival rate was
monitored as well. The parameter values were
statistically processed.
RESULTS AND DISCUSSIONS
Biometric and haematological parameters
Based on biometric parameters, a significant
yield increase in the conditions of intensive
production was found. That way, at the end of
the experiment (after 80 days) a statistically
significant length and weight growth was
noticed in the youngsters’ groups fed with
selenium supplemented food, compared to the
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and greater average haemoglobin concentration
in erythrocytes), as well as reduction of the
number of leucocytes in the blood of these fish.
Our results coincide with that of the results of
the growth performances observed in the
research of Zhou and al. (2009) which
experiment was done with supplemented
selenium nanoparticle and selenium methionine
and Ani et al. (2009) which study was done
with organic selenium (Sel-plex).

control
group
fed
without
selenium
supplement.
The average standard length on the control
group units at the end of the experiment was
119 mm, the total length 148 mm, and average
weight 69 g. The experimental group units with
inorganic/organic selenium had average
standard length of 139 mm/137 mm, total
length of 172 mm/169 mm, and average weight
of 104 g/105 g. Low mortality in the pools
where
selenium
enriched
food
was
implemented must be particularly pointed out.
Mortality in the control group was 17.5%, in
the group with inorganic selenium supplement
12.3%, and in the group with organic selenium
supplement only 0.7% (Table 1).

The influence of selenium on the
antioxidative system of eruthrocytes and
liver of carps
Selenium
supplementation
significantly
influences the increase of the seleniumdependent enzyme glutation peroxidase activity
in the erythrocytes of carp youngsters in the
first year of life (0+). Inorganic selenium in the
form of sodium-selenate has similar effect on
the increase of the activity of this enzyme and
on the antioxidative protection in carps in the
second year of their life (1+) (Jovanovic et al.,
1995; Jovanovic et al., 1997; Zhou et al.,
2009).
The increase of glutation peroxidase activity at
adequate provision of selenium influences
other antioxidative protection enzymes as well.
This is of particular importance for fish which
because of their ecological niche are very
exposed to the influence of numerous organic
xenobiotics and heavy metals (Kleinow et al.,
1987; Zhou et al., 2009).
In laboratory conditions we followed up the
influence of cadmium in water (1.5 mg/l) on
the activity of the enzyme glutation-Stransferase, an enzyme important in the
biotransformation of various pollutants. The
activity of this enzyme is in correlation with the
activity of the selenium-dependent enzyme,
glutation peroxidase. In relation to the control
group, in the groups supplemeted with
selenium an increase of glutation peroxidase
activity in erythrocytes and liver was found,
with simultaneous decrease of glutation-Stransferase activity in carps’ plasma and liver
(Table 2).
By our investigations, we have shown that the
addition of selenium in food for fish has
important biochemical effect which reflects on
the resistance to diseases, on the survival and
the increment, and makes this micronutrient

Table 1. Average values of body weight, increment and
mortality of young carps in their first (0+) and second
year (1+) of life
body weight
Specification
X [g]

Increment
[%]

0+

control
inorganic Se
organic Se

69A
104B
105B

50.7
52.2

1+

control
inorganic Se

555
692

24.7

mortality
[%]
17.5A
12.3A
0.7B

A, B - values in the same column with no common superscript
differ significantly (P<0.01).

Similar experiment was performed during
2012,
using
inorganic
selenium
supplementation (sodium selenate) in carps’
feed in the second year of their life (15 mg
selenium/kg premix, constituting 1% of the
total mass of supplementary food) in same
experimental conditions (“Boshava” fish farm
pools). At the end of the experiment, after three
months of intense breeding, haematological
analysis of carps’ blood was performed as an
indicator of the condition and the overall state
of the fish. Compared to the control group
(without addition of selenium in food), the
results obtained in the experimental group
demonstrated that selenium supplementation of
the food favourably influences all the
haematological parameters (increase of the
number of erythrocytes, greater haematocrite,
greater haemoglobin concentration, greater
average haemoglobin charge of erythrocytes
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necessary in carps’ nutrition during intense
breeding.
Table 2. GSH-Px activity in erythrocytes and liver of
control and experimental group carps (with inorganic
and organic bound selenium) in the first year and
inorganic selenium in the second year of their life
Specification

erythrocytes

liver

0+

control
inorganic Se
organic Se

4.7±0.4A
5.3±0.8A
8.3±0.7B

14.0±2.1
16.1±1.4
17.7±1.8

1+

control
inorganic Se

21.2±3.4A
37.3±6.2B

11.7±3.6
13.4±1.7

A, B – values in the same column with no common superscript
differ significantly (P<0.01).

CONCLUSIONS
In conclusions, this study had demonstrated
that different sources of selenium (inorganic
and organic) supplemented in basal diet could
significantly improve the final weight, GSH-Px
activity and decreased the mortality rate. This
could contribute to the productivity of the fish
farms and to their better economical profit.
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Abstract
The paper presents the results obtained at the Didactic Farm Moara Domneasca - Ilfov County, on a reddish
preluvosoil on Olt and Generos corn hybrids, during the period 2011-2013, following the application of herbicides at
several stages.
The results obtained bring an important contribution in clarifying the best period for the application of herbicides on
corn hybrids, the factor which must be taken into account in establishing the best moment to apply herbicides: the
hybrid’s precocity, its development phenophase, the weed development phase, the evolution of the climatic conditions
or all these aspects in their integrality.
Keywords: efficacy, EWRS scale, time of application, postemergent herbicides, problem weeds, selectivity.

order to eliminate it from the competition with
corn for the vegetation factors and to obtain
high productions, of good quality, in
accordance with the hybrids’ biological
potential, without affecting the biodiversity and
the environment (Sarpe, 1987; Barlea et al.,
1985; Popescu 1995, 2002, 2009; Penescu et
al., 2001).
The experiment was organized at Moara
Domneasca and was mainly aimed at
establishing the best options to control annual
and perennial dicotyledonous weeds, by
applying herbicides on three different stages
during the vegetation period, as well as
establishing the optimal moment to apply those
herbicides, depending on the corn development
phenophase as well as on the development
phase of weeds.
The application of herbicides in postemergence on the corn crop produces effects
especially when phenoxiacetic herbicides of the
type 2.4-D, 2.4- D + dicamba, MCPA are
applied, different dereglations at the level of
growing meristems, finally affecting the
mechanical resistance of corn and finally
leading to its fall.

INTRODUCTION
Corn represents the main growing plant, being
cultivated for the last years on surfaces which
exceed 3-3.5 million hectares. This has also
made the preoccupation for large and quality
productions to be at the same level. One of the
problems faced by the Romanian agriculture in
this stage is represented by weed. Its
maintenance below a level which could not
produce damages any longer was and will be
the permanent concern of the researchers in the
field and not only.
The exaggerated disintegration of the land
surfaces in our countries has made impossible
to achieve many of the technological links
specific to corn growth (crop rotation,
asolament, specific tillage), and the level of
weed encroachment as a number of weeds per
surface, as well as a number of annual and
perennial
monocotyledonous
and
dicotyledonous species is very high, sometimes
reaching infestation levels of 70-80% (Sarpe,
1986; Popescu, 2009).
The main research aim was and is to find the
most efficient methods to control weed, in
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MATERIALS AND METHODS

RESULTS AND DISCUSSIONS

The experiment was organized during the
period 2011-2013, at the Didactic Farm Moara
Domneasca, on a reddish preluvosoil with a
humus content of 2.5%, a pH of 5.5-6.2 and a
clay content of 38%. Two corn hybrids were
tested, Olt and Generos respectively, created at
INCDA Fundulea. 6 herbicides were used in
the test, applied on 3 moments, namely on
phase 2-3 leaves period I, 4-6 leaves period II,
considered as the optimal age and 8-10 leaves
period III.
The experiment was bifactorial, with corn
hybrids (factor A) and herbicide application
ages (factor B), laid in randomized blocks, in 4
repetitions, with a parcel surface of 25 m2.
Factor A graduations were:
a1- Olt hybrid;
a2- Generos hybrid.
Factor B graduations were:
b1: Untreated, undrawn sample (M1);
b2: Untreated, mechanical cultivations (3) and
manually (3) (M2);
b3: Dicopur D (2.4-D 600 g/l) applied 1 l/ha;
b4: Dicopur Top (2.4- D 344 g/l + dicamba 120
g/l) applied 1 l/ha;
b5: Buctril Universal (bromoxynil 280 g/l +
2.4- D 280 g/l) applied 1 l/ha;
b6: Mustang SE (2.4-D 300 g/l + florasulam
6.25 g/l) applied 0.6 l/ha;
b7: Cambio EC (bentazon 320 g/l + dicamba 90
g/l) applied 2 l/ha;
b8: Tomigan 250 EC (fluroxypir 250 g/l)
applied 0.8 l/ha.
A quantity of 250-300 l/ha of water was used in
treatments. After the application of herbicide
treatments, there were observation made with
regards to the selectivity level (%) at 7, 14 and
28 days after the treatment and the degree and
level of weed control (%), at 7, 14, 28 and 56
days after the treatments. The experiment was
treated pre-emergent in order to control
monocotyledon weeds with herbicide Guardian
900 EC based on acetochlor, in a dose of 2 l/ha.
For the untreated drawn sample, 3 mechanical
cultivations were performed between rows and
3 manual cultivations per row. Corn planting
was carried out as follows: in 2011, on the
26.04, in 2012 on the 17.04 and in 2013, on the
20.04.

a. Weed species present in the experiment
From the observations, we can draw the
conclusion that the corn experiment was
strongly infested with annual (69%) and
perennial (31%) dicotyledonous weeds (Table
1). This aspect highlighted the efficiency of the
herbicides applied depending on their content
in active substance and their ranking. The fact
that we had a very strong level of weed
infestation is also due to the fact that the three
years of experiment, with the exception of
2012, when the months of July, August and
September were extremely dry, the other two
years, 2011 and 2013 were normal from the
point of view of rainfall. We can notice that
near 60% of the weed encroachment with
annual dicotyledonous weeds was represented
by weed species, namely Amaranthus
retroflexus, Chenopodium album, Xanthium
strumarium and Matricaria maticaroides, and
for the perennial ones, the predominant were
Polygonum aviculare, Cirsium arvense and
Convolvulus arvense. The encroachment
differences can be very well noticed from the
charts below.
b. Selectivity of herbicides applied on corn
The notes regarding the selectivity of
herbicides applied at the three times, on the two
hybrids, are presented in table 2. The
selectivity of herbicides was achieved by using
the EWRS system (European Weeds Research
Society) on a scale ranging from 1 to 9, where
1 represents 100% selectivity and 9 means
compromised crop. The intermediate marks
show the selectivity percentage of each
herbicide.
The average results for the three years of
experiments, and for both corn hybrids reveal
the following:
- when herbicides were applied in age I, on
corn phase of 2–3 leaves, the phytotoxic effects
were manifested by the products Dicopur D,
Dicopur Top, Mustang and Cambio. The
effects were visibly manifested by gnarled
leaves, bent plants (as because of the wind),
with the herbicides Dicopur D and Dicopur
Top, the decoloration of leaves by the
appearance of whitish stains with the Cambio
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herbicide. These effects will vanish after 14, 56
days respectively;
- the application of herbicides in age II, at 4-6
leaves, considered as the optimal age, achieved
the best level of selectivity, less the Mustang
herbicide, which manifested a phytotoxicity
level even at this age.

No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

No.

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

- applied in age III, when corn has 8-10 leaves,
the corn plants have around 25-30 cm in height,
the phytotoxic effect was very strongly
manifested at both hybrids, bent plants,
gnarled, whitish leaves, plants bent from the
root as well as from the half. The effect was
extremely obvious with the products Mustang,
Dicopur D, Dicopur Top and Buctril Universal.

Table 1. Weed species present in the experiment carried out at Moara Domneasca 2011-2013
Annual dicotyledonous
Weeds
No. Perennial dicotyledonous
Weeds
Nr/m2
%
Nr/m2
%
Amaranthus retroflexus
14
20
1. Cirsium arvense
4
13
Chenopodium album
10
15
2. Convolvulus arvensis
4
13
Xanthium strumarium
10
15
3. Sonchus arvensis
3
10
Matricaria matricaroides
6
9
4. Lepidium draba
3
10
Papaver rhoeas
6
9
5. Polygonum aviculare
15
48
Sinapis arvensis
5
7
6. Rubus caesius
1
3
Portulaca oleracea
4
6
7. Sambucus aebulus
1
3
Fumaria scheicheri
4
6
Hibiscus trionum
4
6
Polygonum convolvulus
3
4
Stelaria media
2
3
Camelina sp.
1
2
Total
69
100
31
100
Table 2. Selectivity of herbicides applied on corn (Moara Domneasca, Average 2011-2013)
Experimental options
Dose l,
Cultivated corn hybrid
kg/ha
Olt
Generos
Observation dates
7 days 14 days 28 days 7 days 14 days
Period I (2 – 3 leaves)
Untreated, undrawn sample
Mt1
Untreated, drawn sample (3 + 3)
Mt2
Dicopur D
1.0
1.5
1.8
1.3
1.4
1.5
Dicopur Top
1.0
1.8
1.5
1.4
1.8
1.5
Buctril Universal
1.0
1.5
1.5
1.4
1.5
1.5
Mustang SE
0.6
2.0
1.5
1.5
2.0
1.8
Cambio EC
2.0
2.5
2.0
1.5
2.0
1.5
Tomigan 250 EC
0.8
1.5
1.2
1.2
1.5
1.2
Period II (4 – 6 leaves)
Untreated, undrawn sample
Mt1
Untreated, drawn sample (3 + 3)
Mt2
Dicopur D
1.0
1.5
1.5
1.5
1.4
1.4
Dicopur Top
1.0
1.5
1.5
1.5
1.6
1.5
Buctril Universal
1.0
1.5
1.5
1.5
1.4
1.2
Mustang SE
0.6
1.8
1.8
1.8
1.8
1.6
Cambio EC
2.0
1.8
1.5
1.5
1.7
1.5
Tomigan 250 EC
0.8
1.5
1.5
1.5
1.5
1.4
Period III (8 – 10 leaves)
Untreated, undrawn sample
Mt1
Untreated, drawn sample (3 + 3)
Mt2
Dicopur D
1.0
3.5
3.1
3.0
3.2
3.0
Dicopur Top
1.0
4.0
3.5
3.2
4.2
4.0
Buctril Universal
1.0
2.8
2.0
2.5
2.9
2.7
Mustang SE
0.6
4.0
3.1
2.8
4.1
3.8
Cambio EC
2.0
3.0
2.5
2.1
3.1
2.7
Tomigan 250 EC
0.8
2.5
2.0
1.8
2.7
2.5
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28 days
1.4
1.5
1.5
1.5
1.5
1.2
1.2
1.5
1.2
1.5
1.4
1.2
3.1
3.8
2.0
3.5
2.5
1.8

No.

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

Table 3. Efficiency of the herbicides applied on several species over the weeds in corn crop
(Moara Domneasca, Average 2011-2013)
Experimental options
Dose l,
Cultivated corn hybrid
kg/ha
Olt
Generos
Observation dates
7
14
28
56 Averag 7
14
28
days days days days
e
days days days
Period I (2 – 3 leaves)
Untreated, undrawn sample
Mt1
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
Untreated, drawn sample (3 + 3)
Mt2
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
Dicopur D
1.0
6.5
7.5
7.5
7.5
7.3
6.4
7.6
7.4
Dicopur Top
1.0
7.5
8.2
8.4
8.2
8.1
7.6
8.4
8.4
Buctril Universal
1.0
7.5
8.1
8.2
8.2
8.0
7.5
8.2
8.0
Mustang SE
0.6
7.4
8.3
8.4
8.5
8.1
7.3
8.4
8.2
Cambio EC
2.0
7.0
8.0
8.0
8.0
7.75 7.3
8.1
8.2
Tomigan 250 EC
0.8
7.0
7.2
7.2
7.0
7.1
7.2
7.0
6.8
Period II (4 – 6 leaves)(OPTIM)
Untreated, undrawn sample
Mt1
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
Untreated, drawn sample (3 + 3)
Mt2
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
Dicopur D
1.0
7.8
7.9
7.8
7.0
7.4
7.4
7.9
7.8
Dicopur Top
1.0
7.8
8.5
8.0
8.0
8.2
7.9
8.6
8.4
Buctril Universal
1.0
7.8
8.2
8.0
7.5
7.9
7.6
8.0
8.1
Mustang SE
0.6
8.2
8.3
8.5
8.5
8.4
8.2
8.4
8.5
Cambio EC
2.0
7.0
7.5
7.5
7.5
7.4
7.2
7.0
7.0
Tomigan 250 EC
0.8
7.2
7.5
7.5
7.0
7.3
7.4
7.0
7.0
Period III (8 – 10 leaves)
Untreated, undrawn sample
Mt1
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
Untreated, drawn sample (3 + 3)
Mt2
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
Dicopur D
1.0
6.0
6.5
6.2
5.8
6.1
6.4
7.0
6.5
Dicopur Top
1.0
7.2
7.5
7.0
6.1
7.0
7.4
7.8
7.3
Buctril Universal
1.0
7.0
7.3
7.0
6.5
7.0
7.1
7.2
7.0
Mustang SE
0.6
7.8
7.9
7.8
7.8
7.8
7.4
7.6
7.8
Cambio EC
2.0
7.0
6.8
6.0
5.8
6.4
7.2
7.0
6.5
Tomigan 250 EC
0.8
6.1
6.5
5.8
5.6
6.0
6.2
5.9
5.8

56 Average
days
9.0
1.5
7.5
8.1
8.1
8.0
8.3
7.0

9.0
1.5
7.2
8.1
8.0
7.6
7.9
7.0

9.0
1.5
7.5
8.1
7.9
8.1
6.9
7.0

9.0
1.5
7.7
8.3
7.9
8.3
7.0
7.1

9.0
1.5
6.0
7.2
6.9
7.5
6.4
5.4

9.0
1.5
6.5
7.4
7.1
7.6
6.8
5.8

control, the mark 9 representing the lack of
effect over the weeds.
The results presented in Table 3 reveal the
following:
- the best effect of the herbicides over the
annual and perennial dicotyledonous weeds
was obtained when the products were applied
in age II, namely when the corn plants have 4-6
leaves, 8-10 cm in height and the weeds are
fully upraised and in the bow phase, 4-5 leaves
with a maximum height of 3-4 cm.
- when the herbicides are applied too late, in
age III, when the corn plant has 8-10 leaves,
the developed weeds have over 10-12 leaves
each, have developed stalks, and the control
effect is proportional to the development phase.
Among the herbicides, a very good effect in the
weed control, when applied in age II (optimal)
was noticed, in order, with: Dicopur Top,
Buctril Universal, Mustang (even if it
manifested an extremely strong phytotoxic
effect), Dicopur D, Cambio and Tomigan.

This phytotoxic effect will also be revealed
during the vegetation period by the abundant
growth of adventive roots outside the soil,
sometimes attached around the stalk, forming
the so-called “umbrella” effect but also joint
between 4-5 roots like „goose’s foot”. These
phenomena will lead to the corn plants’ fall,
effect manifested with the same intensity on
both corn hybrids. The conclusion is that all
these herbicides containing as an active
substance 2.4-D, dicamba, lead to the
intensification of the cellular division process
at the level of the roots, as well as at the level
of the cells and membrane, thus sensitizing the
corn plants.
c. Efficiency of the applied herbicides
The efficiency of the herbicide products
applied on the two corn hybrids was achieved
by the EWRS system (European Weeds
Research Society) using marks from 1-9, the
mark 1 representing a 100% effect in weeds
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herbicides: Dicopur Top 5004 kg/ha on the Olt
hybrid (Figure 1) and 5200 kg/ha on the
Generos hybrid (Figure 2), Buctril Universal
4996 kg/ha on the Olt hybrid and 4810 kg/ha
on the Generos hybrid, Cambio EC 4900 kg/ha
on the Olt hybrid and 4850 kg/ha on the
Generos hybrid. The other tested products,
namely Dicopur D, Tomigan 250 EC, had
weaker results, due also to a more reduced
spectrum of these products in the
dicotyledonous weeds control on the corn.

As a conclusion, corn can be treated with this
type of herbicides if they are applied only in
the phase of 4- 6 leaves. Applied earlier (with a
good effect over the weeds, but they are not
fully upraised) or later, can lead to serious
production losses, as we will see here in after.
d. Effect of herbicides applied at different ages
on corn over the productivity elements
The results obtained with regards to the effect
of herbicides over the productivity elements on
the two corn hybrids, Olt and Generos, were
presented in Table 4.
The analysis of the results reveals the following
aspects:
- the most “friendly” effect of herbicides over
the productivity elements on the two corn
hybrids was manifested when they were
applied in corn phase of 4-6 leaves. All the
productivity elements analyzed, namely the
number of corn cobs per plant, the weight of
the corn grains per plant, the weight of the corn
cobs, TWK, the plants’ output and density, had
the best values when the herbicides were
applied in age II, namely the corn’s phase of 46 leaves.
- negative and very negative effects were
manifested when the herbicides were applied
too early or too late, namely in the corn ‘s
phases of 2-3 leaves or 8-10 leaves.
- the hardest effects over the productivity
elements were manifested by the following
herbicides, in order: Mustang, Dicopur Top,
Dicopur D, Buctril Universal, Cambio and
Tomigan, especially when applied in the late
phase of corn development. The two corn
hybrids taken in the studio had a similar
behavior, maybe a higher sensitiveness to Olt
hybrid as compared to the Generos hybrid, but
insignificant.
e. Effect of herbicides applied in different ages
over the corn yield level.
The results obtained following the application
of herbicides in different ages over the corn
yield level are presented in Table 5, will reveal
the following:
- the yield level, most similar to the level
obtained on the untreated sample, mechanically
and manually cultivated (3+3), was obtained
when the herbicides were applied in the corn’s
phase of 4-6 leaves. High yield were achieved
in a descendant order in this age II with the

6000

Untreated,
undrawn sample
Untreated, drawn
sample (3 + 3)
Dicopur D

5000
4000

Dicopur Top

3000
Buctril Universal

2000

Mustang SE

1000

Cambio EC
Tomigan 250 EC

0
Period I

Period II Period III

Figure 1. Effect of herbicides applied at different stages
on Olt hybrid yield

- the yield levels, distinctly significantly
negative and very significantly negative, were
recorded when the herbicides were applied too
early in the phase of 2-3 leaves, and especially
when they were applied in the corn’s late phase
of 8-10 leaves.
- a very hard effect over the production level
when applied very late, was manifested by the
herbicides Mustang, Dicopur Top and Dicopur
D (Figure 1 and Figure 2).
6000

Untreated,
undrawn sample

5000

Untreated, drawn
sample (3 + 3)

4000

Dicopur D
Dicopur Top

3000

Buctril Universal

2000
Mustang SE

1000
Cambio EC

0
Period I

Period II Period III

Tomigan 250 EC

Figure 2. Effect of herbicides applied at different stages
on Generos hybrid yield
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Experimental options

Untreated, undrawn sample
Untreated, drawn sample (3+3)

Dicopur D
Dicopur Top
Buctril Universal

Mustang SE
Cambio EC
Tomigan 250 EC

Untreated, undrawn sample
Untreated, drawn sample (3+3)

Dicopur D
Dicopur Top
Buctril Universal

Mustang SE
Cambio EC
Tomigan 250 EC

Untreated, undrawn sample
Untreated, drawn sample (3+3)
Dicopur D

Dicopur Top
Buctril Universal
Mustang SE
Cambio EC

Tomigan 250 EC

No.

1.
2.

3.
4.
5.

6.
7.
8.

1.
2.

3.
4.
5.

6.
7.
8.

1.
2.
3.

4.
5.
6.
7.

8.

0.8

1.0
1.0
0.6
2.0

Mt1
Mt2
1.0

0.6
2.0
0.8

1.0
1.0
1.0

Mt1
Mt2

0.6
2.0
0.8

1.0
1.0
1.0

Mt1
Mt2

Dose 1,
Kg/ha

1.3

0.85
1.4
0.75
1.2

0.75
1.5
1.1

1.0
1.5
1.4

1.3
1.2
1.5

0.75
1.5

1.0
1.2
1.1

1.4
1.1
1.4

0.8
1.5

No. of
cobs/
plant

19.65

18.2
20.5
17.19
19.1

15.93
21.4
18.7

19.7
20.85
20.56

20.74
20.10
21.71

15.75
21.79

18.57
19.55
21.25

21.19
18.43
20.35

16.10
21.89

Cob
length
(cm)

494

396
490
218
485

248
576
415

445
557
542

564
540
545

317
572

284
397
350

532
482
457

298
593

198.1

186.5
196.4
96.5
204.2

141.5
210.5
178.5

185.98
274.8
275.6

261.1
248.1
267.5

157.0
260.98

196.4
208.5
205.8

229.6
191.77
231.5

167.5
200.6

Olt
No. of
Cob weigh
grains/
(g)
cob
Ș
(%)
TWK
(g)

85.5
81.0
80.2

358
278
254

163.1

154.0
180.1
63.5
168.1

82.3

79.6
80.2
65.8
82.1

296

310
319
186
290

5.0

5.2
5.2
4.1
4.8

4.3
5.3
4.9

Age III (8 – 10 leaves)
120.1
66.5
176
180.5
85.7
417
175.4
70.4
286

5.6
5.0
5.4
4.1
5.4
5.2

416
398
441

5.3
5.5

4.2
4.9
4.9

5.4
5.1
5.2

4.7
5.3

Density
pl/m2

297
342
391

87.7
85.1
85.7

152.78 82.14
220.10
81.6
204.2
82.0

229.14
220.1
229.3

181.7 70.16
201
178.7
74.5
270
179.6
79.5
268
Age II (4 – 6 leaves)
123.5
78.6
294
219.98
84.2
415

196.4
155.4
198.4

Age I (2 – 3 leaves)
124.5
68.1
274
167.74
88.6
440

Grain
weight
(g)

1.2

0.9
1.35
0.8
1.1

0.7
1.5
1.1

1.1
1.4
1.42

1.3
1.25
1.45

0.8
1.4

1.0
1.3
1.1

1.4
1.2
1.5

0.79
1.4

No. of
cobs/
plant

Cultivated hybrid

19.77

17.4
18.5
18.75
19.7

13.76
21.5
18.5

20.10
20.89
21.51

20.94
21.10
21.75

15.11
21.86

19.51
19.75
21.81

21.75
20.19
21.15

14.75
22.15

Cob
length
(cm)

412

348
474
207
401

291
575
425

496
547
549

569
541
537

321
581

289
390
405

405
432
454

307
588

No. of
grains/
cob

Table 4. Effect of herbicides applied at different moments, over the productivity indicators
(Moara Domneasca, Average 2011-2013)

204.20

168.12
101.15
87.11
200.14

157.0
260.5
171.5

181.2
268.7
275.1

261.1
250.4
267.4

167.0
260.5

199.18
215.60
207.40

228.12
198.15
240.5

157.0
260.5

68.1
84.2

68.14
79.18
81.22

81.4
80.1
79.4

68.1
80.1

Ș
(%)

184.21

149.14
196.81
60.41
194.32

123.5
219.98
174.18

80.1

69.24
79.15
60.04
80.19

68.6
84.2
70.11

175.4 74.31
219.18 81.42
214.11 83.15

229.98 82.15
228.18
85.2
250.10 85.47

129.5
219.98

108.16
186.55
184.52

188.14
156.10
194.91

123.5
219.98

Generos
Cob
Grain
weight
weight
(g)
(g)

310

298
381
148
375

294
418
302

310
405
399

420
410
432

294
425

270
318
308

384
279
310

294
418

TWK
(g)

5.1

5.2
5.1
3.7
4.1

4.7
5.4
4.8

4.2
5.1
5.1

5.5
5.4
5.1

4.4
5.3

4.01
4.9
5.01

5.3
5.2
5.1

4.9
5.4

Density
pl/m2

Table 5. Effect of herbicides applied at different stages over the yield level of the corn hybrids
(Moara Domneasca, Average 2011–2013)

No.

Experimental options

Dose
Kg,l/ha

Cultivated hybrid
Olt
Kg/ha

%

Generos
Diff/

Signif

Kg/ha

%

Diff

Signif

000

2210

46

-2580

000

4790

100

Mt

4327

90

-463

Age I (2 – 3 leaves)
1.

Untreated, undrawn sample

Mt1

2450

53

- 2078

2.

Untreated, drawn sample (3 + 3)

Mt2

4438

100

Mt

3.

Dicopur D

1.0

4450

100.1

12

4.

Dicopur Top

1.0

4470

94

- 268

-

4210

88

-580

0

5.

Buctril Universal

1.0

4580

103

142

-

4160

89

-630

00

6.

Mustang SE

0.6

3410

77

- 1028

000

3100

65

-1690

000

7.

Cambio EC

2.0

3750

85

688

00

3800

79

-990

000

8.

Tomigan 250 EC

0.8

4150

94

288

-

3960

83

-830

000

000

2210

42

-2990

000

5200

100

Mt

-

0

Age II (4 – 6 leaves)
1.

Untreated, undrawn sample

Mt1

2350

45

-2786

2.

Untreated, drawn sample (3+3)

Mt2

5086

100

Mt

3.

Dicopur D

1.0

4914

97

172

-

4994

96

-206

-

4.

Dicopur Top

1.0

5004

98

-82

-

4986

96

-214

-

5.

Buctril Universal

1.0

4996

98

-90

-

4810

93

-390

-

6.

Mustang SE

0.6

3850

76

-1236

000

3281

64

-1919

000

7.

Cambio EC

2.0

4900

96

-186

-

4850

91

-350

-

8.

Tomigan 250 EC

0.8

4850

95

-236

-

4700

85

-500

0

000

2210

42

-3074

000

5284

100

Mt

3450

65

-1834

Age III (8 – 10 leaves)
1.

Untreated, undrawn sample

Mt1

2300

45

-2884

2.

Untreated, drawn sample (3+3)

Mt2

5184

100

Mt

3.

Dicopur D

1.0

3480

71

-1504

4.

Dicopur Top

1.0

3418

66

-1766

000

3296

63

-1988

000

5.

Buctril Universal

1.0

4150

80

-1034

000

3818

72

-1466

000

6.

Mustang SE

0.6

2409

46

-2775

000

1986

38

-3298

000

7.

Cambio EC

2.0

3907

75

-1277

000

3998

76

-1286

000

8.

Tomigan 250 EC

0.8

3976

76

-1208

000

3780

72

-1504

000

LSD 5% = 375 kg/ha
LSD 1% = 648 kg/ha
LSD 0.1% = 756 kg/ha
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000

LSD 5% = 398 kg/ha
LSD 1% = 596 kg/ha
LSD 0.1% = 684 kg/ha

000

CONCLUSIONS
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The results obtained during the three
experiment years at Moara Domneasca with the
two corn hybrids and with 6 herbicides applied
at 3 different ages allowed us to draw the
following conclusions:
1. The selectivity of herbicides over the corn or
the level of tolerance of the corn hybrids to the
6 herbicides applied manifested positively only
when they were applied in the phase of 4-6
leaves. Applied too early or too late, in the
corn’s phases of 2-3 leaves or 8-10 leaves, their
negative effects over the corn are visible and
quantifiable in the reduction of the production
per hectare.
2. The best effect of herbicides applied at
different ages over the weeds, on the two corn
hybrids, is achieved only when the herbicides
are applied at the corn’s phase of 4-6 leaves.
Their early or late application can lead to bad
effects in weeds’ control and implicitly to
production decrease.
3. The early or late application of herbicides
can lead to the sensitization of the corn plants
to fall, due to the interference of these products
in the cellular division process.
4. The productivity indicators on the two corn
hybrids, Olt and Generos, during the three
experiment years, had the best level when the
herbicides were applied at the optimal age,
namely in the corn’s development phase of 4-6
leaves, period II.
5. The best yield was obtained when the
herbicide products were applied in the corn’s
development phase of 4-6 leaves.
When corn exceeds this phase, we can control
the weeds selecting products which do not
contain 2.4-D, dicamba, MCPA or bromoxynil.
Otherwise, the yield will be affected
proportionally with the treatment delay over the
phase of 4-6 leaves.
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Abstract
Due to the increasingly ageing population and the demand for improved quality of life, the life sciences sector has
strong growth potential (8.3% growth in 2007), the sustainable development applications being of utmost interest.
But most of the countries recently entered the European Union, with real academic base in Life Sciences, and with
an important request towards business of added value, lack of competences and skills to develop innovative
companies in the domain. The situation in Romania was identified by the analyses did by the Romanian Society of
Bioengineering and Biotechnology and compared with other EU countries, members of the European Federation of
Biotechnology. The project will develop learning curricula and contents to be delivered to target-group by blended
learning in order to provide training in business enhancement in life sciences for sustainable development
applications. Two products from these foreign partners will be transferred, by integrating them, but also by
adapting to an economic sector of interest and by introducing modern blended learning systems, and by increasing
the value with a new specific content dedicated to sustainable life sciences applications. The enterprise business in
life sciences module will complementary treat the Intellectual Property issues. The impact will be on 3 levels: (1)
short term: acknowledge the key competences and skills needed to develop business in sustainable development
applications of life sciences and develop blended learning by testing the training on a representative selection of
persons from the target group; (2) medium term: formation in the involved countries and at EU level of a general
vision about the training in the field of interest as products and methodologies; (3) long term: at EU level
introduction into educational and vocational systems of advanced and coherent learning tools to enhance the
needed competences.
Keywords: business enhancement, life sciences, modern learning system.

regarding the implementation of curricula in
the education system from each EU countries
entrepreneurship in practice, by means of
practical projects and activities (documents 17 to references). Curricula for schools at all
levels
should
explicitly
include
entrepreneurship as an objective of education,
accompanied by implementation guidelines
(documents 8-10 to references). There are
many issues to be done regarding the
entrepreneurship education and training.
Blended learning is such an innovative issue,

INTRODUCTION
Enhancing
creativity
and
innovation,
including entrepreneurship, in education and
training is a long-term objective for Education
and Training 2020, the strategic framework
for European cooperation. Entrepreneurship
education is being increasingly promoted in
EU countries, according to a new report
published by the European Commission in
2012: Entrepreneurship Education at School
in Europe. But a lot of work is still on demand
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which combines face-to-face interaction such
as in-class discussions, active group work,
and live lectures with typically web-based
educational technologies such as online
course. Other major limitations to be solved:
(a) lack of a systemic vision needed to
elaborate consistent pedagogical curricula and
materials and to coherently implement them
and (b) low level of financial support needed
to organize practical real learning situations
(learning by doing is compulsory). But if it is
to ask for specific entrepreneurship
education/training in such a complex and
difficult economic domain (Life sciences
technologies) the answer is the very rare and
insufficient pedagogical initiatives and
materials. Usefulness the blended learning
model combining the three modes is due to
the acquisition of knowledge in order to:
1) achievement of learning modules which
students are taught to create and run
businesses;
2) transfer learning model developed at the
School of Economics in Helsinki, Finland.

simulate how to start a business, projects
implementation, to simulate negotiation
situations or partnership creation/business
networking. Another pedagogical principle to
be applied is to give the target group the
choice between two types of learning: face to
face learning with direct involvement, but
also requiring more free time; e-learning
system with an increase level of autonomy,
when the free time is scarce and more selflearning is preferred. The pilot testing of the
learning products and methodologies will
integrate and apply all these principles, but
evaluation by applications and measurement
of satisfaction level function of tested
didactical approach will guided the fine
tuning decisions, meaning the final choice of
methodology and the distribution / weight of
each alternative procedure.
Blending learning approach on specific
entrepreneurial training in life sciences bring:
1) an optional module called the ''market
research'' which in this case translates to
promote to market products /technologies
from research through start-up companies or
spin-off; 2) value added as blended learning
modules will be modified during the project
to the needs of the target group, depending
on the specific issues based on knowledge and
understanding of the results of the life
sciences and business environment of specific
elements, with direct reference to placing on
the market of a result obtained in Scientific
research.
The project is addressed to comprehensive
target group of people in need of developing
competences in Entrepreneurship for a
specific, complex, and involving high
scientific and technical knowledge economic
sector: sustainable development applications
bio economy.

MATERIALS AND METHODS
A matrix of key competences in training will
be defined to be used to train young
specialists in entrepreneurship in Life
sciences business linked to sustainable
development.
These competences formation, still a very rare
training tool in an economic sector of
increased complexity, will contribute to the
growth of the number of innovative SMEs in
the target domain.
The work program is based on several
methodological approaches; c) Some of the
competences can be developed based on
natural aptitudes, so it is to introduce specific
pedagogical methods needed to test the inborn
aptitudes and further on pedagogical practical
methods to enhance them. Beside the transfer
of theoretical knowledge the most important
principle to be applied in training will be
“learning by doing”. It means that a lot of
scenarios will be envisaged to increase each
learner degree of autonomous thinking,
initiative and participation. Such almost “real
situations” will be dedicated to elaborate
projects, financial plans, Business plans, to

The target group comprises:
1) young entrepreneurs involved in life
sciences business and interested in promoting
sustainable development applications;
2) scientists preparing to pass from the
research field to the business sector by
developing start-up companies;
3)
educators
involved
in
teaching
entrepreneurship and sustainable development
applied to life sciences.
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and to realize the virtual learning fine tuning;
access to the pool of competences features
from a country with well organized and
numerous innovative SMEs in Life sciences
(France) by comparison with the pool of
competences from Lithuania, more developed
in the economic sector than us; opportunity to
realize a synthesis and integrated training
contents and methodologies able to respond to
both deeper and larger demand and adapted to
a high knowledge economic sector. To realize
new innovative training content and
procedures the activities will be done in
several directions: (1) determination of the
needed competences and skills characteristic
for the chosen economic sector based on
elaborated survey in the involved countries;
(2) analysis and synthesis of the survey results
to build BELA competences matrix; (3)
integration, adaptation and introduction of
new specific knowledge to elaborate the
proposed new curricula and contents;(4)
integration of the learning methods to build a
blended learning system; (5) introduction of a
general vision needed to gain the European
dimension. The project will bring high added
value due to the following reasons: (1) the
learning products are prepared for a new
multidisciplinary and highly complex
economic domain-Life sciences technology;
(2) the learning products will have a deeper
European dimension due to the choice of 3
countries with high, medium and low level of
development of bio industrial SMEs; (3) there
will be a learning module dedicated to
sustainable development Life sciences
technology, the now-a-day direction of
interest; (4) the entrepreneurship competences
formation will also treat the Intellectual
properties issues of great importance in Life
sciences business; (5) BELA will offer
blended learning ready to be used by a larger
group of people.

RESULTS AND DISCUSSIONS
The focus is towards the following main
competences and skills: (1) Achieving
orientation determined by: Opportunity
Seeking and Initiative, Risk Taking, Demand
for Efficiency and Quality, Persistence,
Commitment to the Work Contract. (2)
Planning
orientation
determined
by
Information Seeking, Goal setting, Systematic
Planning and Monitoring. (3) Power
orientation determined by: Persuasion and
Networking,
Independence
and
selfconfidence. The project is based upon the
results and innovative content developed in 2
Leonardo da Vinci projects COMPARES and
ReMark (documents 9-10 to references). The
learning units to be transferred from project
COMPARES are developed in accordance
with the prerequisite to capitalize on the value
of each experience, comparison, sharing and
transfer of knowledge and good practice
through training. The 4 learning units chosen
for the transfer provide the necessary
methodological skills to carry out activities
and projects based on the idea of a network
and mutual learning, as well as deepen, from
an operational dimension, the methodology of
networking. Besides the definition of tools
and methods to enable the network, they
describe the approaches, languages, business
cultures of the various target group members
involved. The main aim of the ReMark
project was to adapt an entrepreneurship elearning package to the needs of potential
knowledge-based entrepreneurs. This elearning package will be transferred to fill in
the gap in the entrepreneurial training
addressing
the
group
of
potential
entrepreneurs that are likely to develop high
value-added, knowledge and new technology
based business. The products chosen to be
transferred offer the basic formation in
several directions of interest aimed for BELA
project: learning content and methodologies
to develop networking and partnerships
beside the information regarding the
community specific needs for sustainable
development; e-learning package regarding
entrepreneurship competences formation to
pass from applied research to market;
methodology to develop a e-learning platform

CONCLUSIONS
The implementation of the proposal at a
European level brings more benefits than at
national or regional levels due to the more
reasons:
- the contributions of 3 on purpose chosen
partners from representative European
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Programme Leonardo da Vinci - Transfer of
Innovation, project no. 2013-1-RO1-LEO0528758. This publication reflects the views
only of the author, and the Commission
cannot be held responsible for any use which
may be made of the information contained
therein.

geographical areas, if one considers the
criteria imposed by the issues to be solved
will give more added value than the possible
contributions of regional or national
partnerships;
- the realization of a matrix of competences in
entrepreneurship with a larger European
significance is in line with the actual EU
Commission politics in this domain, based on
the idea to create a common European area,
where the human and economic development
is well balanced.
Due to the network of stakeholders and target
group people to be created to disseminate and
exploit the project results and products the
European dimension will increase and will
contribute to enhance the quality of
vocational training in the field of interest.
By using the network the idea that the general
European issues need new advanced solutions
will be emphasized.
The project done in a European environment
will bring attention and try to demonstrate
that only a general approach regarding the
entrepreneurship competences formation is
not enough, especially when the economic
domain is complex and has big specificities,
as it is the case with the bio industrial sector,
more sensitive to crisis than others.
The general pool of competences is also valid
in this case, but there are specific
competences and the general ones have also
particular importance, so the learning by
doing and the case studies must be in line
with this pattern.
Increased offer of learning products and
methods will determine the overall
improvement in the quality of vocational
training system in Europe.
National education system and vocational
training in this field of interest need expertise
gained from the European countries with
longer development paths to speed up our
economic evolution.
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Abstract
Danube, the second longest river in Europe through a tortuous path in the Black Forest to the Black Sea. The river
arises through union sources: Breg, Brigach, Donau Quelle and joins the sea by three branches: Chilia, Sulina and
St. George forming the Danube Delta. As space crosses so large and diverse to establish the International
Commission for the Protection of the Danube River which aims to ensure the sustainable use and equitable access
to water resources along the river basin, the Commission's work jumpers Danube River Protection Convention
which is an important instrument for cooperation and transboundary water management in the Danube basin.
Romania was in 2007 president of the International Commission for the Protection of the Danube River. Romania is
interested to protect the water of the river, given the length that it crosses the country and the fact that the arms of
the Danube flows into the Black Sea forms one of the most rare and beautiful wetlands, named Danube Delta. It is
appreciated that the Danube Delta Biosphere Reserve has become as compared to other deltas of Europe and the
Earth has retained a high biodiversity, that a multitude of species from a variety of systematic units. In the
European continent, Delta retained natural habitat. This area has special significance both ornithological aspect
and morphological and climatic factors have described it as a very important reserve. Nature reserves in the area of
41500 ha were delineated in three different biotypes of the delta and was placed in the international studies
program "Man and Biosphere" attached to UNESCO to recognize the importance of Romanian scientific nature
reserves and the richness and variety of flora and fauna elements.
Key words: biosphere, convention, delta, flora, river.

Bulgaria, Republic of Moldova, Ukraine) and
also the river of four capitals (Vienna,
Bratislava, Budapest, Belgrade).

INTRODUCTION
Nature recommences same things again,
every year, day, hour, so it creates a kind of
infinity and eternity - Blaise Pascal.
Danube from its source at the river mouthsI. The Danube River basin
The Danube River is the second largest in
Europe after Volga and it is formed by the
confluence of the rivers Briegach and Brege
that arise from the Black Forest. The Danube
has a length of 2 840 km; an area of its basin
is about 817 000 km2; the incoming flow into
the Delta is of 6350 m3/s and is divided in the
three branches: Chilia 58%, Sulina 19%, Sf.
Gheorghe 23%. The Danube Delta is shared
by Romania and Ukraine and has a total area
of 4178 km2, of which 82% (3446 km2) in
Romania and 18% (732 km2) in Ukraine.
Because of its route, the Danube can be called
the river of ten countries (Germany, Austria,
Slovakia, Hungary, Croatia, Serbia, Romania,

MATERIALS AND METHODS
I. The International Legal Regime of Danube

Water (Du܊u, 2003) is an indispensable
element of the existence of life on the planet,
a renewable, vulnerable and limited natural
resource, a raw material for productive
activities, an energy source and a transport
pathway, a key factor in maintaining the
ecological balance for the existence of life
and the realization of all human activities
(Marinescu, 2003).
“This scarce resource essential for life should
be considered a natural treasure that is part of
the common heritage of the mankind”.
II. The international regulations on the
protection of the Danube (www.icpdr.org)
appeared relatively late in comparison with
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Other principles and rules were set out in the
Espoo Convention (1991) on environmental
impact assessment in a trans-boundary
context. The same category of principles on
trans-boundary pollution includes rules
concerning the responsibility of polluters, the
duty to inform immediately the states likely to
be affected by any event which may cause
adverse effects on their environment, the rule
of equal application of the national law,
regardless of the place producing the
environmental damage.
2. Specific regulations regarding watercourses
and international lakes
The development of this category of
regulations occurred through two framework
agreements: the Helsinki Convention (1992)
on the protection and use of trans-boundary
watercourses and international lakes and the
Convention on the right of use of waterways
for purposes other than navigation (New
York, 1997).
The concept of trans-boundary waters and of
trans-boundary impacts was explained and
regulated according to the terms of The
Helsinki
Convention
which
is
the
international regulatory framework on the
subject. The injurious effect of the transboundary impact can "take many forms:
attacks on human health, flora, fauna, soil, air,
landscape
and
historical
monuments,
buildings; the interaction among these factors
may also means a breach of cultural heritage
and of socio-economic conditions resulting
from alterations of those factors.”
The Helsinki Convention has created a
general legal framework that was an incentive
for the elaboration of agreements between
riparian of international watercourses to
prevent and reduce trans-boundary pollution.
The New York Convention aims "to enable to
use, highlight, devote, manage and protect
international watercourses and promote
optimal and sustainable use for the benefit of
current and future generations". The general
principles of the previously mentioned
conventions are equitable and reasonable use,
the obligation to not cause significant
damage, paying special attention to meet the
essential needs in conflict resolution etc.
3. The Convention for the protection of the
Danube River

those for other continental waters. For a long
time the international legal regime of the
Danube referred exclusively to the freedom of
navigation, to the economic and technical use
of waters and to the fishing.
Since it crosses a vast space, the International
Commission for the Protection of the Danube
River was founded, aiming to ensure
sustainable use and equitable access to water
resources along the river basin. The
Commission's activity has the Convention of
the Danube River Protection as a starting
point, which is an important instrument for
cooperation and trans-boundary water
management in the Danube basin.
An important moment in the history of
Danube´s protection efforts is the signing of
the Declaration of Cooperation between the
Countries of the Danube in the Management
and Protection of the Waters of the River
against Pollution on 13 December 1985 in the
Conference of Bucharest.
After 1990, the riparian concern regarding
cooperation in order to protect the river from
pollution, both bilaterally and multilaterally
grew. The situation materialized with the
signing of several conventions and
agreements, among which the Convention on
Cooperation for the Protection and
Sustainable Use of the Danube River (signed
in Sofia, at June 29, 1994).
III. Current International Legal Framework
The international legal framework for
protection against pollution of the Danube
border currently has three categories of
international norms: rules and principles on
trans-boundary pollution, specific regulations
targeting watercourses and international lakes,
and regulation governed by coastal states
within bilateral and regional cooperation.
1. Principles on trans-boundary pollution
Most of these principles are rooted in
customary international law. The Stockholm
Declaration on the Human Environment
(1972) established the fundamental rule which
provides that the states must proceed in such a
way that activities within their jurisdiction do
not damage the environment of other states.
This rule was taken up and proclaimed
subsequently in the texts adopted at the 1992
Rio de Janeiro Convention on Environment
and Development.
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The Sofia Convention (1994) on the
sustainable protection and conservation of the
River was signed by the ten Danube countries
and the European Community, and it has a
sub-regional integrative character.
The fundamental objectives of cooperation
between the Danube countries, the basic
principles of the river protection, and so on
were thus established.
4. Other regulations on the protection of
Danube against pollution
A series of bilateral documents aimed
preventing and combating the pollution of the
river was agreed between riparian states. Such
documents are: (1991) the Convention
between Romania and Republic of Moldova,
(1991) the Convention between Romania and
Bulgaria, (1993) the Agreement between
Germany and Romania, (1993) the
Convention between Romania and Slovakia,
(1998) the Convention between Romania and
Yugoslavia on operation and maintenance of
hydropower and navigation systems "Iron
Gates I" and "Iron Gates II".
Community environmental law is constantly
growing. The member states of the European
Community have already assimilated the
Community rules into law while the candidate
states are in the process of harmonizing and
assimilating those; the adoption of EU legal
regulations (represented by about 20
directives on water) is an important milestone,
especially for determining the water quality
objectives and the regulation of water
discharges.
III. The Danube Day
The International Day of the Danube
(www.danubeday.org) is celebrated every
year on the 29th of June, as initially proposed
by the Danube countries and under the
auspices of the International Commission for
the Protection of the Danube River (ICPDR in
Vienna). This day marks the signing of the
Convention on Cooperation for the Protection
and Sustainable Use of the Danube River, an
event that took place in Sofia (Bulgaria), on
June 29, 1994.
Danube Day celebrations take place in all
Danube states to mark their mutual desire to
join forces in support of protecting this unique
river in Europe.
IV. About "The Book of the Blue Danube"
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The International Commission for the
Protection of the Danube River launched
"Danube Box", an educational project in the
domain of the water protection. This project is
designed as a tool (kit) to be use by teachers
and students in the education process at the
level of elementary school.
"The Book of the Blue Danube" has a special
role to inform and educate children on values
and traditions belonging to the Danube area
and increase their awareness regarding the
need to protect and preserve the aquatic
ecosystem of the river basin.
V. The Delta Universe and Nature Protection
in the Danube Delta.
The Danube creates a delta with three great
branches at its mouth to the Black Sea.
The first branch is Chilia. With a length of
120 km it is the most vigorous as it accounts
for 58% of the Danube's flow. Chilia, with its
many biffs and islets, has the greatest depth of
the three channels, 39 m.
Sulina, the second branch, is mainly used for
navigation because there was done extensive
work to deepen and to correct the meanders.
The channel length decreased from 93 km to
64 km because of these works which took
place between 1862 and 1902.
The third branch, Sfantul Gheorghe, is the
oldest and it carries 24% of the volume of
water and river deposits (alluvia). The branch
has undergone significant transformations,
namely the cutting of six meanders, which
brought its length down to 70 km.
Remarkably, the Danube Delta has become a
biosphere reservation. It has retained a high
biodiversity (a multitude of species from a
variety of systematic units) in comparison
with other deltas in Europe and even on Earth.
The Danube Delta has become a Biosphere
Reservation due to the fact that, compared to
other deltas on Europe or on the Earth, it has
retained a rich biodiversity, ie a multitude of
species from a variety of systematic units.
Given the importance of this unique space,
since 1991 the Romanian government started
a comprehensive program to inventory the
flora and fauna of the Danube Delta
Biosphere Reservation. The purpose of this
ample effort is to gain a better understanding
of an important component of the natural
heritage in a biosphere reservation and

reserves, but also the richness and the variety
of its flora and fauna elements.
II. Domestic and International Legal
Regime of the Danube Delta
The EU environmental policy, as established
by the EC Treaty, aims to ensure the
environmental sustainability activities through
its inclusion in the EU sector policies.
From the point of view of the international
law, the Danube Delta has a triple protection
and conservation regime established by
conventions.
Current legislation sets for the states involved,
in addition to direct obligations of protection,
conservation and sustainable use of the area
and its resources, other obligations in relation
to the states that have interests in this regard,
especially as a natural shared area, such as
obligations to not affect areas under the
sovereignty of another state, to consult,
inform and cooperate.
In December 1993, the Romanian Parliament
adopted Law no. 82, later amended by Law
454/2001 on the establishment of the Danube
Delta Biosphere Reservation. This law
establishes the main tasks of running the
Danube
Delta
Biosphere
Reservation
(ARBDD), a public institution subordinated
to the central authority for environmental
protection.
III. The Convention on Cooperation for the
Protection and Sustainable Use of the River
(www.icpdr.org/icpdr-pages)
A. The purpose and objectives of the
Convention
The main purpose of the Convention is to
ensure the protection of the water and of the
ecological resources, and also their
sustainable use in the Danube drainage area.
It is estimated that this aim will be achieved
through sustainable and equitable water
management, through the conservation,
improvement and rational use of surface and
groundwater from the drainage area.
It is necessary for all parties to make every
effort to control the hazards originating from
the accidents involving dangerous substances
discharge into water, floods and frost
affecting the Danube, and such effects should
help to reduce the pollution loads of the Black
Sea from sources situated in the drainage
area.

identifying species that require protective
measures and / or conservation.
As a result, this huge puzzle represented by
the Danube and its delta is a habitat for a wide
variety of plant and animal communities
estimated at 30 types of ecosystems and 7405
animal and vegetal species.
Given the unique nature of the Danube Delta,
the concerns about environmental protection,
rational use of resources and preservation of
its ecological balance have increased.
Regarding the delta, technical and scientific
research revealed two relationships that are
fundamental from an ecological point of view.
These relationships affect an area far beyond
their geographical boundaries, namely:
a. the key position for the ecology of fish
fauna in Danube Floodplain and the Black
Sea coastal zone;
b. the key position in the life of migratory
avifauna in Europe, taking into account that
delta is situated at the crossing of the main
bird migration routes.
RESULTS AND DISCUSSIONS
I. What is Specific to the Danube Delta?
Within the Europe, the Danube Delta has kept
its natural habitat. This area has a special
significance in terms of ornithological,
morphological and climatic factors which
have described it as a very important reserve.
As a result, these features have made the delta
to be considered rare and original in
comparison with other major tourist areas in
the country and in the world. So, the entire
research and economic exploitation of the
area is to be made in compliance with its
ecological balance.
In this respect, within the territory of the delta
three large natural reserves were established,
spanning a tenth of the area of the delta,
including geological and geographical
formations, vegetal associations characteristic
as well as refuges for migratory birds.
Nature reserves with the area of 41500 ha
were delineated in three different biotypes of
the delta and were introduced in "The Man
and
the
Biosphere”
the
UNESCO
international studies program, to recognize
the importance of Romanian scientific nature
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developed is the upper basin, followed by the
middle basin and the lower basin.
The Cooperation of the Danubian states is
influenced by reporting to the process of
European integration in the context that a part
of riparian countries are members of the
European Union (Germany, Austria, Czech
Republic, Hungary, Romania, Bulgaria).
The Conservation of the natural conditions
and historical and cultural monuments aligns
with the basic concerns of our state: "It is
necessary to take rigorous measures to control
the industrial hazards, to prevent water and air
pollution, to protect the forests, rivers,
mountains and lakes considered monuments
of nature.”Within the European committee,
the Danube Delta maintains its natural
biotope and thus it has an exceptional
significance taking into account the
ornithological rapport and the morphological
and climatic factors that have made from it an
important reserve with many rare vegetal and
animal species. These features have made the
delta to be considered absolutely unique
compared to any first rank tourist area in our
country.
The Danube Delta integrates: resources of
reed (cane) for cellulose and paper
manufacturing industries; areas for hunting
and fishing; recreation places for tourists;
areas of scientific interest.
In 2000, due to the favourable conservation
status of the ecological systems and species in
the Danube Delta, the Council of Europe
awarded the European Diploma for this
reserve, diploma renewed in 2005. Home to a
wide variety of plant and animal species as
well as associations and communities
particularly interesting and valuable, the
Danube Delta remains one of the best
preserved deltas in Europe, being declared
Natura 2000 site both as Special Area of
Conservation and Avifaunistic Special
Protection Area.
The objectives that we have set through the
establishment of the Danube Delta Biosphere
Reservation are based on the principle of
sustainable development whose primary goal
is re-naturalization of the delta by removing
the disastrous effects of the past. Parallel
efforts were made to preserve the entire Delta
ecosystem's potential fauna and flora, to be

On the one hand, the Contracting Parties shall
establish the appropriate priorities that will
strengthen, harmonize and coordinate the
measures taken and planned to be taken at
national and international levels throughout
the Danube basin, aiming the sustainable
development and environmental protection of
the Danube River.
On the other hand, this objective refers to the
effort to ensure sustainable use of water
resources for supplying the drinking,
industrial and irrigation water, but also for the
preservation and reconstruction of the
ecosystems and the maintaining of the public
health requirements.
IV. The Flora and Fauna of the Danube
Delta
One of the reasons that the Danube Delta
became a biosphere reservation is that,
compared with other European and worldwide
deltas, it has retained a higher biodiversity, in
other words a large number of species from a
wide variety of systematic units.
Moreover, the Danube Delta strikes by its
high density in many species that are rare or
absent in other parts of the continent
Even so, the number of these species as well
as their habitats has been severely affected by
human activities in the past decades. .
The inventory of the flora and the fauna of
RBDD territory started in 1991.
This action has two major objectives:
a. knowledge an important component of the
natural heritage in a biosphere reservation
b. highlight the species requiring protective
measures and / or conservation.
The mosaic of habitats developed in the
Danube Delta Biosphere Reservation is the
most varied in Romania and it hosts a great
diversity of plant and animal communities.
CONCLUSIONS
The Danube Basin contains various riparian
countries and a total population of about 250
million inhabitants, which generates pressure
on the river environment.
Generally, Coastal States have not sufficiently
developed economies and they do not give
due consideration to environmental issues;
from the point of view of the industry,
agriculture and
technology, the most
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able to offer to people loving the nature not
only eco-tourism, but also the opportunity to
enjoy - now and in the future - the benefits of
nature.
The fragility and the active dynamic of the
deltaic system aroused for a long time the
interest of scientists. At the same time, all
actions that must carry ARBDD require a
scientific foundation for a rational,
environmental management, ensuring both
biodiversity conservation and sustainable
development. The Danube Delta is the chosen
place by nature and people, where all actors
involved are trying to understand and learn
how to use natural resources and, at the same
time, preserve them for the future.
The Romanian wetlands were defined as
stretches of swamps, marshes, natural or
artificial, permanent or temporary waters,
where the water is stagnant or flowing, fresh
or salted, including the marine water bodies
whose depth at low tide does not exceed six
meters. The above mentioned areas are areas
where the saturation with water is the main
determinant of the soil nature, and of the
types of plant and animal communities living
in the soil or on the soil surface.
The 2nd of February - The World Wetlands
Day
The Convention on Wetlands signed in
Ramsar, Iran, in 1971, established February
2nd as World Wetlands Day; the document
was ratified by Romania through Law 5/1991.
This year, the World Wetlands Day is
celebrated under the slogan “Without
wetlands there is no water" and is the
occasion to draw attention to the fact that the
sustainable use and conservation of the
wetlands must be part of any solution to
reduce the global drinking water crisis.
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Abstract
Manufacture of crude palm oil (CPO) is one of Indonesia's industrial agro commodities that support the Indonesian
economy. The increase in CPO production will increase the production of waste palm oil (Elaeis guinensis Jacq.). Palm
oil mill wastewater has high potential to pollute the waters. This is due to palm oil wastewater containing high levels of
COD (Chemical Oxygen Demand), and BOD (Biochemical Oxygen Demand), TSS (total suspended solid), containing
solids of crude Palm oil, smelling, dark brown color, contain high levels of oils, fats and proteins as well as the rest of
the cooking pressed palm fruit bunches. The purpose of this study was to determine the ability of the consortium of
Trichoderma viride, Phanerochaete chrysosporium and Bacillus sp. and effective dose inoculums in degrading oil palm
wastewater. This study used an experimental method to completely randomized design (CRD) factorial with two factors
and three replications. Factor 1 consortium type are c1 (Bacillus sp.,Trichoderma viride), a consortium of c2 (Bacillus
sp.,P hanerochaete chrysosporium) and a consortium c3 (Bacillus sp., Phanerochaete chrysosporium and Trichoderma
viride) and factor 2 inoculums dose are; 0% (no inoculation), 2.5% and 5%. The results showed that the consortium of
Bacillus sp., Phanerochaete chrysosporium and Trichoderma viride at a dose of inoculum 2.5% most effective in
degrading wastewater palm oil, because it produces a reducing sugar levels 64.27%, lower levels of BOD by 44%, reduce
levels of COD by 25.86%, reduce levels of ammonia by 60.71% and lower levels of TSS by 46.43% within 9 days.
Keywords: Biodegradation, BOD, COD, Trichoderma viride, Wastewater Palm Oil.

processing has the potential to pollute the
waters because of high organic matter content
and low acidity, so it needs to be in remediation
before being discharged into water bodies. In
Indonesia, palm oil mill effluent (MCC) is
estimated to produce 28.7 million tons of
waste/year (Mahajoeno, 2010). In general, the
characteristics of palm oil wastewater
containing high organic material, suspended
material and fat, so have high levels of COD
(Chemical
Oxygen
Demand)
BOD
(Biochemical Oxygen Demand), solids crude
palm oil, protein and fibre as well as the rest of
the stew-pressed fruit palm oil (Naibaho,
1996). The main components of the oil palm
waste are cellulose, lignin and lipids
(triglycerides) that are known as lignocelluloses
cellulose content reached 54% (Darnoko,
1993). If the waste is directly discharged into
the river most of it will settle, decompose
slowly, consume dissolved oxygen, causing
turbidity, produce a very pungent odour, and
damage the fish breeding areas.

INTRODUCTION
Palm oil industry is one of the agro strategic
industries. Some countries in tropical regions
such as Indonesia, Malaysia, and Thailand are a
major supplier of World CPO (Crude Palm
Oil). Fresh fruit bunches (FFB) palm oil, which
is produced from palm oil plantations,
processed into crude palm oil (CPO). CPO is
important for agro industrial products to be
processed into derivatives oil food and nonfood industry. Indonesia palm oil plantation is
about 13.5 million hectares (Info Sawit, 2013).
Palm oil production is expected to reach 28
million tons, with compositions ranging from
17-18 million tons were exported mainly to
India, China, and Europe, the Indonesian
government further ensure the palm oil industry
to supply the raw material in the production of
biodiesel and diesel fuel is now producing 2.3
million tonnes per year (Info Sawit, 2013). The
increase in palm oil production will have an
impact on increasing the amount of waste
generated. Wastewater from palm oil
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Therefore, it is necessary wastewater biodegradation of oil palm to reduce pollution levels
before discharge to the environment. Lignocellulolytic and lipolytic microorganisms to
decompose cellulose components, and lipids in
lignocelluloses wastes conduct palm oil
wastewater biodegradation process.
Biodegradation of these components is done by
the genus Bacillus and Trichoderma viride that
produce relatively large amounts of cellulose
enzymes. Bacillus sp. also degrade cellulose
polymer other compound such as lipids,
proteins, starch and pectin. Trichoderma viride
is capable to break down the cellulose complex.
While the fungus has the ability to degrade
lignin is Phanerochaete chrysosporium. In
addition, having the ability to degrade lignin,
the fungus can also degrade cellulose and
hemicellulose (Wymelenberg, 2006).
According to Wizna et al. (2005) inoculum
starter concentration as much as 6% of Bacillus
sp. can degrade cellulose fibre content in fermented cassava waste containing high cellulose
by 32% for 6 days. Meanwhile, according to
research conducted Leviolifia (2010) inoculums concentration of 5% from Bacillus sp. can
reduce cellulose content of 34.48 %.
Phanerochaete chrysosporium is a white rot
fungi degrade lignin is known for his ability
and cellulose (Cookson, 1995). Phanerochaete
chrysosporium can degrade cellulose to speed
up the composting process slugde waste paper
industry; the inoculums concentration of 5%
can reduce the content of cellulose in the paper
industry wastewater by 24.51%. According to
research conducted Christyanto and Subrata
(2005), Trichoderma viride can reduce levels of
cellulose in bagasse 50.13%. Wastewater palm
oil used in this study is wastewater from oil
palm aerobic ponds of palm oil mill PT. Sawita
Inti Perkasa, Medan, North Sumatra with the
characteristics of the wastewater is brown,
slightly viscous and odourless. Early test had
higher levels of BOD of 6390 mg/l, COD
content of 18.285 mg/l, TSS levels of 17025
mg/l and a pH value of 4.14. The purpose of
this study was to determine the ability of the
consortium of Bacillus sp., Phanerochaete
chrysosporium and Trichoderma viride in
wastewater biodegradation of oil palm. The
goal is to obtain a microbial consortium and
inoculums doses that effective to be applied for
palm oil wastewater.

MATERIALS AND METHODS
Culture of Bacillus sp., Trichoderma viride
Phanerochaete chrysosporium, medium starter
for fungal include: rice flour, corn cob, corn
starch molasses, Palm oil effluent from pond,
Reagent for DNS (dinitrosalisilat acid) test,
reagents for the determination of BOD, COD,
reagent for determination of ammonia: Nessler
and Siegnet solution. The method used in this
study is an experimental method using a
completely randomized design (CRD) 3x3
factorial with three replications. The first factor
is the consortium of Bacillus sp., Trichoderma
viride (c1), Bacillus sp., Phanerochaete
chrysosporium
(c2),
Bacillus
sp.,
Phanerochaete chrysosporium, Trichoderma
viride (c3). Factor II is a starter Inoculum cons.
(D), 0% (d0), 2.5% (d1), 5% (d2). The study
was conducted for 9 days. Parameters in this
study were the levels of BOD (Biochemical
Oxygen Demand) by iodometric titration
method (APHA, 1985), the levels of COD
(Chemical Oxygen Demand) using iodometric
titration method, the levels of TSS (Total
Suspended Solid) with the gravimetric method
using Whatman filter paper 0.45 ȝm (Ministry
of Public Works, 2007), Determination of
ammonia levels by using the spectrophotometric method (APHA, 1989). Determination
of Reducing sugar DNS. Data were analyzed
using analysis of variance (ANOVA). If the
results are significantly different then continue
with Multiple Range Test (Duncan) with a 5%
significance level.
RESULTS AND DISCUSSIONS
Wastewater biodegradation by consortium to
reducing sugar content in the inoculums
doses of 2.5% and 5%.
Cellulose is the main component on palm
wastewater, trough the hydrolysis process the
cellulose were converted into more simple
sugar or reducing sugar. Cellulose is composed
of 15,000 D-glucose residues (Voet and Voet,
2004). Sub unit of glucose join together
because there are-1.4 bonds forming the cellulose. Reducing sugar is a sugar group, which
can reduce compounds accepted electron, for
example glucose. In process of cellulose
biodegradation, glucose is the result of
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metabolism microbial cellulolytic because of
that, the higher enzymatic hydrolysis ability,
the lower cellulose in total. Based on measurement of reducing sugar content for 9 days
shows that consortium of Bacillus sp.,
Phanerochaete
chrysosporium
and
Trichoderma viride with inoculum concentration 2.5% resulted the highest reducing sugar
content that is (d2) 26.66% comparing to other
consortium. If the consortium compared with

treatment no inoculation, reducing sugar levels
content, increase above an average 50%. The
highest increasing of reducing sugar content is
also attained by Bacillus sp., Phanerochaete
chrysosporium and Trichoderma viride with
each concentration in 2.5% and 5% that is
63.74% and 64.227% which means the
microorganism species produce cellulose
enzyme that hydrolyze cellulose in palm oil
wastewater.

Table 1. Percentage reducing sugar content (%) in biodegradation palm oil wastewater process
Concentration of inoculums 2.5%
Bacillus sp. &
Bacillus sp. & P.
P.
chrysosporium
chrysosporium
& T.viride
63.54
57.95
56.52
70.77
57.58
77.07

Bacillus sp.
& T. viride
H0
H9
(%) reduction
sugar level during
9 days
(%) reduction
sugar level
compare with
Control

Bacillus
sp. & T.
viride
60.18
67.41

Concentration of inoculums 5%
Bacillus sp. & P.
Bacillus sp. &
chrysosporium & T.
P. chrysosporium
viride
74.61
68.88
67.41
78.23

0%
27.95
22.88

10.22

0.64

26.66

10.73

10.68

11.95

22.16

60.51

51.46

63.73

58.54

58.54

64.27

22.16

mically name ß-1.4-D-Glucano hydrolase (EC.
3.2.1.4). This enzyme hydrolyze glicosidic
bond ß-1.4 randomly and work especially in
amorf area from cellulose fiber, like Carboxy
Methyl Cellulose (CMC). Enzyme ß-1.4-DGlucan cellobiohydrolase (EC.3.2.1.91), attack
chain point Cellulose non reduction and produce cellobiose and ß-1.4-Glucoxidise has
systemically name ß-1.4- Glucoxide Gluco
hydrolase (EC.3.2.1.21), hydrolyze EC 3.2.1.21
cellobiose and short chain cello-oligosaccharidez and produce D Glucose (Yin et al.,
2010). Now, cellulose generally used in many
industries such as animal feed, textile, wastewater and winery. Lignocelluloses enzyme
produced by Phanerochaete chrysoporium has
ability to broke lignin with delignification
process then hydrolyze cellulose into simple
glucose that can be used as protein source as
known that empty palm cluster contain high
fiber. The main content of palm cluster is
cellulose and lignin. Cellulose enzyme produced by Bacillus sp., Phanerochaete
chrysosporium and Trichoderma viride is an
enzyme that can break down cellulose palm oil
wastewater into simple glucose molecules that
more simple decreased levels of cellulose
content could happen when high cellulosic
activity to degrade and hydrolyze cellulose into

Trichoderma viride can produce much cellulose
enzyme and hemicelluloses on commercial
scale and already being used on pulp, paper,
and herd food and textile industry. This enzyme
is also being used to sacarification plant
biomass into simple sugar on bioethanol
production (Seiboth et al., 2011).
Bacillus could produce much hydrolyze
polysaccharide extracellular enzyme even
though carbocsimetillulase cannot hydrolyze
crystalline cellulose. But, study in endogluconase, bacillus and fungi shows activity on
microcrystalline cellulose (Yin et al., 2010).
Based on cellulose degradation mechanism,
cellulose divided into non-processed cellulose
(endocellulose) or processed cellulose (including different of exocellulose). Endocellulose
randomly cut cellulose into open position and
produces new reduction point. But, processed
cellulose still attached on chain and releases
units especially cellobiose or cellotetraose from
one of the point. While cellulose degrades, nonprocessed cellulose and processed cellulose
work on synergize. Generally, effective
biological cellulose need synergize action from
3 enzyme that is endo-ȕ-1.4-glucanase
(EC.3.2.1.4), cellobiohydrolasey (EC.3.2.1.91),
and ȕ-D -glucosidase (EC.3.2.1.21). The
enzymeendo- ß-1.4 glucanase have syste128

content can be happen because the three species
produce enzymes that synergize to break down
the main component of palm oil waste were
cellulose, lignin and lipid. According to
Roheim (2011), Bacillus sp could degrade lipid
into glycerol and fat acid so it would be easier
digested by microbe as one of nutrition source.
Trichoderma viride produce cellulolytic
enzyme that is able to decompose cellulose in
the palm of wastewater resulting in lower levels
of BOD (biochemical oxygen demand).
chrysophorium
produce
Phanerochaete
lignolytic enzyme, which consist of peroxide
lignin, peroxide manganese and laccase that
could degrade organic compound on lignin in
palm oil wastewater. According to Saritha et.al
(2010), the decreasing BOD process, the main
quality of palm oil wastewater is 100 mg/l, but
a good decreasing percentage shows that
species consortium which been used successfully decreasing BOD content. Efficiency
percentages of content decreasing BOD that not
maximal thought to be caused by the BOD
content were really high or really dense so it
takes more time. The thickness of palm oil
waste causes the low oxygen supply, which
come and dissolved. Increasing in oxygen
content would lower BOD and COD content.
Wastewater biodegradation by the consortium
against COD (Chemical oxygen demand)
content on inoculums doses of 2.5% and 5%.
Chemical Oxygen Demand is oxygen amount
needed to analyze every organic material that
contained in water (Boyd, 1990).

more simple glucose. So the bacteria that
inoculated can use those compounds as
nutrition source in biodegradation process.
Wastewater biodegradation by the consortium
against BOD (Biochemical oxygen demand)
content on inoculums doses of 2.5% and 5%.
Biochemical oxygen demand is amount of
oxygen needed by microorganism under water
to divide or degrade or oxidize organic waste
under the water. 9 days during palm oil
wastewater degradation process shows that
consortium c1; Bacillus sp. and Trichoderma
viride decrease BOD content with 2.5%
inoculums concentration as 34.76%. In 5%
concentration of Trichoderma viride and
Bacillus sp, consortium only shows decreasing
BOD content by 9.29%. BOD content on palm
oil wastewater on every consortium treatment
is lower than controlled palm oil wastewater.
The highest decrease compare to control (d0)
achieve
by
consortium
Bacillus
sp.
Phanerochaete
chrysosporium
and
Trichoderma viride in 2.5% (d1) and 5% (d2)
inoculums concentration, each of them is 44%
and 40%.
Trichodermaviride produce cellulolytic enzyme
that is able to decompose cellulose in the palm
of wastewater result in lower levels of BOD
(biochemical oxygen demand). Phanerochaete
chrysophorium produce lignolytic enzyme,
which consist of peroxide lignin, peroxide
manganese and laccase that could degrade
organic compound on lignin in palm oil
wastewater. Bacillus sp., Phanerochaete
chrysosporium and Trichoderma viride
consortium ability decrease the highest BOD

Table 2. Decreasing percentage of BOD (mg/l) in biodegradation palm oil wastewater process

H0
H9
(%) reduction
level of BOD
during 9 days
% reduction
level of BOD
compare to
Control

Concentration of Inoculum 2.5%
Bacillus
Bacillus sp. &
Bacillus sp. & P.
sp. & T.
P.
chrysosporium
viride
chrysosporium
& T. viride
4.634
3.658
2.439
3.023
3.050
2.700

Bacillus
sp. & T.
viride
3.252
2.950

Concentration of Inoculum2 5%
Bacillus sp. &
Bacillus sp. & P.
P.
chrysosporium & T.
chrysosporium
viride
3.089
2.682
2.950
2.875

0%

4.796
4.308

34.76

16.62

10.70

9.29

4.50

0.20

10.18

37

36

44

38

38

40

10.18
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Table 3. Decreasing percentage of COD (mg/l) in biodegradation palm oil wastewater

H0
H9
(%) reduction
level of COD
during 9 days
% reduction
level of COD
compare to
Control

Concentration of Inoculum 2.5%
Bacillus
Bacillus sp.
Bacillus sp. & P.
sp. & T.
& P.
chrysosporium &
viride
chrysosporium
T. viride
66.334
64.740
63.903.2
67.300
57.300
57.600

Bacillus
sp. & T.
viride
60.756
66.800

Concentration of Inoculum2 5%
Bacillus sp. &
Bacillus sp. & P.
P. chrysosporium &
chrysosporium
T. viride
65.736
73.708
72.800
52.800

0%

77.688
68.800

1.46

11.49

9.86

9.95

10.75

28.37

11.44

13.37

26.24

25.86

14.02

6.29

32.04

11.44

Phanerochaete chrysosporium and Trichoderma
viride able to decrease COD content until
32.04% with 5% inoculums concentrate (D2).
The ability to reduce levels of COD due to
palm oil waste Bacillus sp. can degrade lipids
in wastewater into glycerol and fatty acids,
enzymes produced by Trichoderma viride
cellulase breaks down cellulose into glucose
(Wang, 2010).
Phanerochaete chrysosporium produces lignin
peroxides enzyme lignolytic form, which is
able to degrade lignin complex organic compounds into simple sugars. COD levels of
biodegradation by the consortium still exceed
the maximum levels of COD in the effluent
quality standard palm oil is equal to 350 mg/l.
This is because of the levels of COD in the

effluent was very high, and the process of
biodegradation is only done for 9 days.
Wastewater biodegradation by the consortium
against ammonia content on inoculums Doses
of 2.5% and 5%.
Ammonia is a compound derived from a
variety of pollutant compounds, namely NH-3N or NO 2-N. Ammonia in waters generated by
the decomposition process, the reduction of
nitrate by bacteria, fertilization and excretion of
the organism that are inside (Boyd, 1990). Any
ammonia that is released into the environment
will form an equilibrium reaction with
ammonium ions (NH4+). Ammonium is a
nitrogen compound that is toxic at high levels,
which can degrade the quality of water, which
is the source of life for living organisms,
especially aquatic biota.

Table 4. Decreasing percentage of ammonia content (mg/l) in biodegradation palm oil wastewater process

H0
H9
(%) Reduction level
of Amoniakduring 9
days
% Reduction level
of Amoniak
compare to Control

Concentration of inoculums 2.5%
Bacillus
Bacillus sp. &
Bacillus sp. &
sp. & T.
P.
P.chrysosporium
viride
Chrysosporium
& T. viride
0.15
0.14
0.19
0.1
0.07
0.15

Concentration of inoculums 5%
Bacillus sp. &
Bacillus sp. & P.
Bacillus sp.
P.
chrysosporium &
& T. viride
chrysosporium
T. viride
0.17
0.11
0.14
0.12
0.1
0.12

0%

0.28
0.11

33.33

50

21.05

29.41

9.09

14.29

60.71

64.29

75.00

46.43

57.14

60.71

57.14

60.71

The genus Bacillus can also reduce levels of
ammonia, due to its ability to oxidize ammonia
content of the waste (Edwards, 2011).
Consortium of Bacillus sp. and Phanerochaete
chrysosporium can reduce levels of ammonia
with inoculums concentration of 2.5% is equal
to 50%. Levels of ammonia in the effluent oil
palm inoculated by the consortium are lower
than the effluent ammonia levels control oil.
Consortium of Bacillus sp. and Phanerochaete
chrysosporium inoculums at a concentration of

2.5% were able to reduce levels of ammonia
amounted to 75.5%.
Biodegradation of waste palm oil consortium
Bacillus sp., and Phanerochaete chrysosporium
is the highest in the lower levels of COD. The
genus Bacillus can also reduce levels of
ammonia, due to its ability to oxidize ammonia
content of the waste (Edwards, 2011). An
enzyme
produced
by
Phanerochaete
chrysosporium lignocelluloses is a simple break
down lignin into glucose, which is used as a
130

by Nitrobacter spp., which is not considered
toxic unless accumulate in high concentrations
of heterotrophic bacteria such as Bacillus
spores that form can replace the role of
nitrifying bacteria because it is more tolerant to
the environment. Many species of the genus
Bacillus produce extra and intra-cellular
proteases in addition to amylase, Bacillus is
also used as a fertilizer and nitrifier for
aquaculture systems and capable to decompose
protein complexes, and organic matter into
ammonia, subsequent to nitrite and finally into
nitrate (Seri Intan, 2005).

source of nutrition for nitrifying bacteria. Quite
a high percentage of decrease in ammonia
levels in the effluent oil palm is also suspected
due to the change of ammonia into a gas that is
released into the air through evaporation
process (volatilities).
According Irianto (2007), the levels of nitrogen
in the form of ammonia, nitrate and nitrite can
be reduced through amonification and
nitrification and volatilization. Microbes can be
used to enhance the functional activity of the
mineralization in aquatic systems. Hydrolysis
of peptide compounds by microbial enzymes
extra–cellular is the key of mobilization of
ammonia and nitrogen cycle in ecosystems
(Bach et al., 2001). Nitrifying bacteria have
important functions in the nitrogen cycle,
which involves the conversion of ammonia to
nitrite and then the conversion of nitrite to
nitrate. During the process of nitrification,
nitrifying bacteria detoxify ammonia in two
stag. First, Nitrosomonas sp. converts toxic
ammonia into nitrite, which is also toxic to fish.
The second step, nitrite is converted to nitrate

Wastewater biodegradation by the consortium
against (TSS) Total Suspended Solid content
on inoculums Doses of 2.5% and 5%.
Total suspended solids or suspended solids are
solids that cause turbidity of the water, not
soluble and cannot be settled immediately.
Suspended solids composed of particles smaller
size and severity of sediment such as certain
organic materials, clay and others.

Table 5. Decreasing percentage of TSS (Total suspended solid; ml/l) in biodegradation palm oil wastewater
Concentration of inoculums 2.5%

Concentration of inoculums 5%

Bacillus sp.
P.
chrysosporium
36.000

Bacillus sp. P.
chrysosporium
& T. viride
33.600

Bacillus sp.
& T. viride

Bacillus sp, P.
chrysosporium

H0

Bacillus
sp. & T.
viride
32.000

47.600

H9

28.200

24.600

23.600

(%) Reduction
level of TSS
during 9 days
% Reduction
level of TSS
compare to
Control

13.23

31.67

41.21

48.71

0%

34.800

Bacillus sp. P.
chrysosporium
& T. viride
38.200

47.970

30.800

12.400

30.400

32.500

29.76

35.29

64.37

20.42

32.24

50.80

35.79

74.15

35.99

60.7

Biodegradation TSS for 9 days showed that the
consortium of Bacillus sp. and Phanerochaete
chrysosporium inoculums at a concentration of
5% (d2) is able to reduce the amount of the
highest levels of TSS 64.37%. Decreased levels
of palm oil effluent TSS at all consortiums are
lower than the levels of palm oil effluent TSS
control. Consortium of Bacillus sp. and
Phanerochaete chrysosporium with inoculums
concentration of 5% (d2) is able to reduce
levels of the highest TSS was 74.15%.
Consortium of Bacillus sp., Phanerochaete
chrysosporium and Trichoderma viride
concentrations of 2.5% were able to reduce
levels of TSS 50, 80%. While the highest

decreasing efficiency is biodegradation by the
consortium of Bacillus sp. and Phanerochaete
chrysosporium with concentration of 5% is at
65.53%. Capability consortium of Bacillus sp.
and Phanerochaet echrysosporium highest in
the lower levels of TSS due to the species of
microbes produce enzymes that can break
down the organic matter content of palm oil
wastewater as Bacillus sp. can decompose
cellulose fibers and lipids are dissolved in the
palm
oil
wastewater.
Phanerochaete
chrysosporium produces lignin peroxidise can
decipher crude fibre and lignin are difficult to
decompose through a process of delignification
and cellulose hydrolysis so solid that dissolved
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organic matter in the wastewater in the form of
lignin, cellulose and lipids can be reduced. The
number of bacteria and fungi are closely related
to decreased levels of BOD, COD and TSS.
High microbial populations and activities in
line with the amount of enzymes produced.
CONCLUSIONS
The effective consortium on palm oil biodegradation
process
are
Bacillus
sp.,
Phanerochaete
chrysosporium
and
Trichoderma viride consortium can produced
reducing sugar content that could reduce BOD,
COD, ammonia and TSS content.
Inoculums concentration on palm oil
wastewater biodegradation process in 2.5%
concentration effective to produce reducing
sugar by 63.73% which reduce BOD content by
44%, COD content by 25.86%, ammonia
content by 60.71% and TSS score by 46.43%
on palm oil wastewater biodegradation process.
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Abstract
Fractal analysis was used as an instrument for the characterization of a winter wheat crop in different vegetation
stages. The digital images captured in the visible spectrum were analyzed with the soft HarFA and ImageJ, and the data
obtained facilitated the fractal characterization of the wheat crop. The fractal dimension (FD) varies in relation with
the growth stages analyzed, between 1.896±0.019 - 1.931±0.017 (with HarFA) and 1.898±0.105 -1.933±0.064 (with
ImageJ), with a correlation R2 = 0.983 - 0.999 for FD. The highest values of the fractal dimension were recorded in the
stage of physiological maturity of plants. Particular values of the fractal parameters (fractal spectrum – FS, fractal
dimension - FD) are specific for each vegetation stage and can represent stable elements for characterizing the wheat
crop development.
Keywords: fractal analysis, fractal dimension, fractal spectrum, image processing, Triticum aestivum L.

including the changing of the scale to which the
analysis is made.
As a matter of fact, that is how all biological
structures
are,
easily
identifiable
as
approximate fractals (Mandelbrot, 1983;
Zmeškal et al., 2001).
Eghball and Power (1995) used fractal method
to analyse and characterize temporal variability
for average yield in the United State of
different crops with a wide range of yield levels
and found with this method that crops were
significantly different in terms of temporal
variability. Eghball and Varfel (1997) observed
different variability for crops under the
influence of environmental factors and the
management practices. They concluded in their
research that temporal variability was much
more dominant than spatial variability.
Temporal variability may greatly influence
how spatial variability is expressed in a given
field.
Florin et al. (2009) studied the wheat yield
variation across space and time. They said that
is a serious need to further question how
temporal variation of crop yield impacts one’s
ability to manage spatial variation. With greater
depth of temporal crop yield data this is a
promising perspective from which to identify

INTRODUCTION
The vegetal cover of the earth is characterized
by wide dynamics in space and time, depending
on various factors, among which the climate
and anthropic actions play a key role, (Vitousek
et al., 1997; Karl and Trenberth, 2003).
Research on the spatial and temporal
development of natural vegetation (grassy or
woody) and of agricultural crops is of great
interest, and the methods of investigation have
developed, diversified and are intercorrelated in
order to facilitate their parameterization and
quantification for various purposes, with
scientific and practical applications. In this
direction, fractal analysis occupies a special
place, (Walker and Kenkel, 1998; Li, 2000;
Alados et al., 2005).
Fractal theory gives a qualitative and
quantitative description of the irregularity
inherent to any real object or phenomenon, in
relation to the presence of complexity in
variable dimensional scales. If the classic
statistic theory describes irregularities of a
limited number of parameters in a population
with the other stable parameters, fractal
analysis brings a quantitative measure in the
case of structures of unlimited complexity,
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distribution angles in a three-dimensional plan.
The vegetative mass of the crop displays wide
dynamics in space and time, given by the
individual morphology, by plant density and
the morphologic specificity of each growth
stage.
Digital images of a wheat crop, Ingenio
cultivar, captured 1.5 m high, underwent
analysis for fractal characterization of the
respective crop in various growth stages, as
shown in Figure 1.

optimal spatial management strategies.
Numerous other studies have used fractal
methods for the study of land complexes
(spontaneous grassy or woody vegetation,
cultivated areas, urban areas etc.) based on
satellite images or terrestrial images (Eghball et
al., 1997; Green et al., 2004; HotaĜ and
Novotný, 2006; Linares et al., 2006; Zhu et al.,
2006; Ehsani et al., 2008).
The aim of the present research was to analyze
digital images captured in the visible spectrum
of a wheat crop, in different growth stages, for
obtaining a fractal characterization of the crop.
MATERIALS AND METHODS
The research focused on assessing the features
and obtaining a fractal characterization of a
wheat crop in different growth stages, based on
digital images captured in the visible spectrum.
Biologic material. The biologic material was
represented by species Triticum aestivum L.
ssp. vulgare, Ingenio cultivar, in a uniform
crop condition. The assessment was made in
three growth stages: vegetative growth, booting
and full maturity.
Capture of digital images. Digital images were
captured with a Nikon D300 camera, 12 MP,
DX format, 24 mm focal lens, from a height of
1.5 m. Four digital images were taken for each
growth stage, for the purpose of work
uniformity.
Image processing and fractal analysis. BoxCounting is the most important approximate
calculation method for assessing the fractal
dimension (Hausdorff). The Box-Counting
method was used for evaluating the fractal
properties of the wheat crop in different stages.
For this, the software used was HarFA lite
v5.5.30, which was developed at the Institute of
Physical and Applied Chemistry, Technical
University of Brno in the Czech Republic. The
software includes a procedure called BoxCounting, which facilitates the evaluation of
the fractal dimension (Buchníþek et al., 2000;
Nežádal et al., 2001).

Stage 1 - vegetative growth stage

Stage 2 - booting stage

Stage 3 - physiological maturity stage
Figure 1. Original images of wheat crop in different
stages of vegetation, Ingenio cultivar

HarFA software analyses black & white
images. The Box-Counting method utilizes the
covering fractal pattern with raster of boxes
(squares) and then evaluates how many boxes
,
or
of the raster are needed to
cover fractal completely (Kubík, 2005), where:
- number of black squares;
- number of
white squares;
- number of black&vhite
squares;
- number of black and
black&white squares;
- number of white
and black&white squares.

RESULTS AND DISCUSSIONS
The canopy of wheat crop in a wheat crop is
very complex, due to its constitutive elements:
plants, stems, leaves, spikes with different
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These aspects are important, because for
different values of Mask Intensity on a scale
from 0 to 255 pixels (black & white), different
values of the fractal parameters are obtained for
the same image. Repeating this measurement
with different sizes of boxes r = 1/İ will result
in logarithmical function of box size r and
number of boxes N(r) needed to completely
cover fractal. The slopes of the linear functions
(1), (2), (3):
,

a

(1)
,

b

(2)
,

(3)

give DBW, DBBW and DWBW the fractal
dimensions. DBW characterizes the properties of
border of the fractal pattern, DBBW characterizes
the fractal pattern on the white background and
DWBW characterizes the fractal pattern on the
black background. This procedure was used for
analyzing all digital images for the three
growth stages of the wheat crop under research.
The box counting dimension was computed
over a black and white representation of the
image area (4288 x 2848 pixels). Based on the
analysis of the B&W histogram of the images
captured, for every image we obtained a total
number of 12212224 pixels, with intensity
variation specific for each growth stage
analyzed, as shown in Figures 2-4.
Taking into account the 0 to 255 variation
interval for Mask Intensity and consequently
the range of thresholding conditions (fractal
analysis interval), a fractal dimension analysis
was made on the interval minim value - maxim
value for every image and the fractal spectra
were obtained, Figures 2-4, where: a - binary
image for fractal analysis, b - histogram
distribution of pixels in B&W image, c - fractal
spectra.
From the analysis of fractal spectra and of
histogram distributions, the thresholding
intervals were established for each digital
image. For these particular cases in the entire
fractal spectrum, Table 1 presents the
thresholding functions and the correlation
values (R) corresponding to the growth stages
under analysis, while Figure 5 shows the
regression functions.

c
Figure 2. Fractal spectra for stage 1 of wheat crop

a

b

c
Figure 3. Fractal spectra for stage 2 of wheat crop

The fractal dimensions obtained on the
analyzed interval, when both categories of
boxes are taken into consideration (fully
covered and partially covered), are: 1.896-for
stage 1; 1.904-for stage 2 and 1.931-for stage 3.
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After processing the digital images with the
software ImageJ on the three growth stages of
the wheat crop, equation (13), the results show
a increase in the average value of the fractal
dimension
(FD)
together
with
the
morphological and physiological changes in
plants brought about by different phenophases,
similarly with the values determined with
HarFA.

a

(13)
where:
FD = fractal dimension
F = boxes containing foreground pixels
= Box size/Image dimension

b

The highest value of the fractal dimension was
recorded at physiological maturity of the wheat
crop, as shown in Table 2. Anova statistical
analysis indicates reliability of the results
obtained by fractal analysis of wheat crop,
Ingenio cultivar (F>F crit, p<0.01), Table 3.
c
Figure 4. Fractal spectra for stage 3 of wheat crop
Table 1. Functions for calculating the fractal dimensions DBW, DBBW and DWBW and the values of the correlation
coefficients particularized for the thresholding condition
Growth
stage

Equations

Stage 1

Stage 2

Stage 3

The correlation coefficients resulting from the
calculation of the fractal dimension (FD) with
two applications, HarFA and ImageJ, have
values of 0.983-0.999, which also has high
safety results.
Fractal dimension values obtained (FD) are
between 1-2 and topological aspect of wheat
crop can be considered, as fractal properties,
between segment and square after general

Equation
number
(4)

Correlation
(R)
0.985

(5)

0.999

(6)

0.998

(7)

0.983

(8)

0.999

(9)

0.999

(10)

0.990

(11)

0.999

(12)

0.998

formulas:
for segment (value 1)
and
for square (value 2).
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CONCLUSIONS
The results obtained through this study
facilitated the parameterization and fractal
characterization of the wheat crop, Ingenio
cultivar, based on digital images captured in
different growth stages.
The fractal spectrum (FS) has particular
distributions and offers information that is
specific for each growth stage of the wheat
crop under analysis. The values of the average
fractal dimension varied depending on the
growth stage analyzed. One particularity
observed through the present study was that the
fractal dimension increased as the wheat crop
developed from one growth stage to another.
Fractal dimension can be associated with other
wheat crop parameters in order to provide more
information about the growth stage.

a

b
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Figure 5. Regression lines for fractal dimension analysis
(
,
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) using Box-Counting on wheat
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(a - stage 1; b - stage 2; c - stage 3)
Table 2. Fractal dimension (FD) in the three growth
stages on wheat, Ingenio cultivar
Growth stage
Stage 1
Stage 2
Stage 3

Fractal dimension (FD)
HarFA
ImageJ
1.896±0.019
1.898±0.105
1.904±0.014
1.909±0.042
1.931±0.017
1.933±0.064

Table 3. ANOVA: Single Factor analysis
Source of Variation
Between Groups
Within Groups
Total

SS
0.159639
0.029312
0.188951

df
2
24
26

MS
0.079819
0.001221

F
65.35382

P-value
1.94E-10

F crit
3.402826

Alfa = 0.05
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Abstract
The main purpose of breeding programs is to obtain high yields of common winter wheat (Triticum aestivum L.).
Development of new lines and varieties resistant to economically important diseases related to the yield, is associated
with proper selection of the initial breeding material. Most of the phylogenetic species closest to bread wheat, such as
representatives of the genus Aegilops, possess valuable genes for biotic stress resistance. To establish appropriate
accessions which could be involved in the hybridization and breeding programs of bread wheat, 32 accessions of the
genus Aegilops (10 of Aegilops cylindrica, 12 of Aegilops tauschii, 6 of Aegilops ventricosa, one of the species Aegilops
ovata, Aegilops neglecta and Aegilops speltoides) were observed, as regards their resistance to the pathogens of
powdery mildew (Erysiphe graminis), brown rust (Puccinia recondita) and septoria leaf blight (Septoria tritici). The
observation was conducted under field conditions in the ear formation stage. All studied accessions were completely
resistant to the pathogen of septoria leaf blight (Septoria tritici). All accessions of Aegilops cylindrica, 3 of Aegilops
tauschii and 2 of Aegilops ventricosa were susceptible to powdery mildew. Accessions of Aegilops cylindrica and also 8
accessions of Aegilops tauschii and 3 accessions of Aegilops ventricosa are susceptible to brown rust. Accessions of
Aegilops ovata, Aegilops neglecta and Aegilops speltoides are completely resistant to the three pathogens. With the
highest complex resistance are accessions AE192, AE1609 and AE20 compared to other accessions of Aegilops tauschii
and Aegilops ventricosa. The combination of high complex resistance to diseases, and a large phylogenetic proximity
with genus Triticum, makes Aegilops tauschii and Aegilops ventricosa valuable sources of genes for resistance which
could be successfully transferred into different wheat species.
Keywords: Aegilops sp., resistance, Triticum aestivum.

stage in the breeding process is qualitative
selection of starting breeding material, which
take part in breeding programs of different
wheat species. The combination of all
important parameters, makes necessary
collection and comprehensive studies of many
samples in order to achieve optimum results in
the breeding process and highly productive
bread wheat varieties to be created.
Wide hybridization is an essential tool of the
classical breeding, which aims to transfer
valuable properties of wild relatives into
cultural plants. In relation to this, valuable
results have been achieved in a large part of the
crops into the family Poaceae, and in
sunflower, beans, tomatoes, cotton, tobacco.
Wide hybrids are applicable in improving the
quality of bread wheat as the main wild
relatives used in crosses are the representatives
of the genus Aegilops (Stoyanov, 2013).

INTRODUCTION
Wheat is one of the major food crops satisfying
feeding of the world population. Top priority to
its production is to increase the quality and
quantity of the yield. This is achieved through a
variety of breeding and cultivation methods. At
the present stage of development of agriculture
increasing role are the selection methods due to
their extensive nature. Creation of new wheat
varieties which are characterized by higher
quality properties such as resistance to
pathogens (powdery mildew, brown rust,
septoria leaf blight), tolerance to abiotic stress
(drought, logging, salinity, metal toxicity,
frost), high protein and lysine content.
Achieving of these results, combined with an
increase in quantitative characteristics (yields
per unit area, hectolitre weight) is a challenge
due to ever increasing demand for higher
quality wheat. In relation to this, an important
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(Chhunea et al., 2007), Aegilops speltoides
(Cherukuri et al., 2005). Hybrid plants of
Triticum aestivum x Aegilops cylindrica exhibit
good results in terms of brown rust resistance
(Stoyanov et al., 2012). Appropriate species for
the transfer of resistance genes by the method
of wide hybridization are species Aegilops
triuncialis, Aegilops ovata, Aegilops biuncialis
(Ivanova, 2012). Resistance to yellow rust
pathogen, possess wide hybrids of Triticum
aestivum with Aegilops sharonensis (Marais et
al., 2010). Resistance to black rust is
transferred to bread wheat from species
Aegilops searsii (Liu et al., 2011), Aegilops
speltoides (Mago et al., 2009), Aegilops
cylindrica, Aegilops tauschii (Babayants et al.,
2010). Potential sources of resistance to
septorai leaf blight are Aegilops speltoides,
Aegilops tauschii (Van Ginkel & Rajaram,
1999) and Aegilops umbelullata (Maksimov et
al., 2006).
Resistance to powdery mildew, brown rust and
septoria leaf blight in representatives of the
genus Aegilops, could be either monogenic or
polygenic. For this reason, the different species
and accessions exhibit different resistance to
the certain pathogen. Furthermore, the presence
of similar genomes of wild species and bread
wheat may be a prerequisite for the evolution
of similar susceptibility to pathogens,
depending on the direction of transfer and
exchange of genes - from wild species to the
cultural (mostly this is an artificial and is rarely
associated with evolutionary processes) or from
cultural species of the wild (often in natural
wide hybridization (Ayala and Kiger, 1987;
Stoyanov, 2013). Thus, depending on the
phylogenetic development of the species,
accessions are separated by a different level of
resistance to a certain pathogen.
The purpose of this report is to identify the
different levels of resistance of representatives
of the genus Aegilops to the pathogens of
powdery mildew, brown rust and septoria leaf
blight, and to assess the suitability of different
accessions to be included as starting breeding
material in breeding programs of bread wheat.

Aegilops genus belongs to the family Poaceae
and incorporate 23 representatives. Van
Slageren (1994) describes 22 representatives of
the genera with 27 varieties in 5 sections and
differentiate Aegilops mutika, in a separate
genus - Amblyopyrum. Most representatives
possess diploid number of chromosomes, but
occurs
tetraploid
and
hexaploid.
In
phylogenetic terms the genus is closest to the
genus Triticum, which determines the high
degree of crossability, viability and significant
fertility of the most hybrids and amphidiploids
between species of the genera Aegilops and
Triticum. This is due to the identical
subgenomes involved in the genomes of plants
into both genera – Triticum aestivum
(AABBDD), Aegilops tauschii (DD), Aegilops
cylindrica (CCDD), Aegilops ventricosa
(NNDD) (Spetsov et al., 2008; Spetsov et al.,
2009).
Species of the genus Aegilops, possess valuable
properties, such as resistance to the pathogens
of powdery mildew, brown rust and septoria
leaf blight. Hybrids where the wild species is
involved exhibit similar pathogens resistance.
These qualities and with the easy obtaining of
hybrid offspring between species of Aegilops
and Triticum, makes it possible the resistance
to be relatively easily transferred into bread
wheat. Successfully are transferred genes for
resistance to powdery mildew in bread wheat
Triticum aestivum from Aegilops speltoides (Jia
et al., 1995), Aegilops tauschii (Miranda et al.,
2007), Aegilops umbellulata (Zhu et al., 2006),
Aegilops variabilis (Stoilova & Spetsov, 2005),
Aegilops ovata (Spetsov, 2004), Aegilops
kotschyi (Spetsov, 2004). Resistance to the
pathogen show amphidiploids bred in DAIGeneral Toshevo in the period 1950-1990 - Ae.
tauschii x Tr. boeoticum, Ae. tauschii x H.
villosa, Tr. dicoccon x Ae. tauschii, Tr.
timopheevi x Ae. tauschii, Tr. durum x Ae.
speltoides, Tr. aestivum x Ae. speltoides, Ae.
tauschii x Tr. paleocolchicum x Elymus
giganteus x Tr. dicoccon, Tr. aestivum x Ae.
variabilis, Tr. aestivum x Ae. kotschyi, Tr.
aestivum x Ae. ovata, Tr. aestivum x Ae.
columnaris (Spetsov and Savov, 1992). Genes
for resistance to brown rust is transferred to
bread wheat from species Aegilops triuncialis
(Kuraparthy et al., 2011), Aegilops tauschii
(Lalkova et al., 2003), Aegilops umbelullata

MATERIALS AND METHODS
32 accessions, representatives of the genus
Aegilops were examined, presented in Table 1
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This demonstrates the strong polymorphism of
species of the genus Aegilops, due to their
diverse geographical life habitat and the
different populations of pathogens which were
present in the phylogenetic development of
each species. Certain species and accessions
(AE20, AE1609, AE192, A101, AOS, ANS)
are completely resistant to the observed
pathogens, which suggests the presence of
vertical
monogenic
resistance.
Many
researchers identify specific genes carrying
resistance to pathogens of powdery mildew and
brown rust. Such data reports Assefa and
Fehrmann (2000), Huang and Gill (2001),
Raupp et al. (2011), Singh et al. (2004), Naik et
al. (1998), Kuraparthy et al. (2007), Schneider
et al. (2008), Feuillet et al. (1995), Valkoun et
al. (1984). Only in septoria leaf blight, in the
majority of cases, polygenic horizontal
resistance was reported, especially in low
concentration of the pathogenic inoculum,
which are due to different plant mechanisms thick habitus, physiologically dying of the
leaves, and early maturity (Eyal et al., 1978).
As regards the attacking rate (Table 4) there is
a similarity with the data for the infectious
type. In this case some correlation between
infection type and attacking rate is observed
(99.2% for EG and 98.00% for PR). The wide
variation in this indicator (126% for EG and
92% for PR) is due to the presence of vertical
resistance in some of the accessions (AE192,
AE20, AE1496, AE101, AOS, ANS). This is
significant, as the attack on powdery mildew
and brown rust is in a broad range. The
differences
observed
presuppose,
that
individual pathotype of pathogens to be search
in accessions with very low expression of
susceptibility.
The distribution rate (Table 4; Appendix 4) is
indicative of the variation in susceptibility to a
pathogen of a plant-specific level. Spread of the
pathogen with a relatively high degree of attack
exhibits genetic polymorphism in some of the
accessions,
which
proves
certain
heterozygosity, especially in Aegilops tauschii
and Aegilops ventricosa. In accessions of
Aegilops cylindrica in this case, it can be
assumed homozygous-based lack of resistance
due to 100% distribution rate, while Aegilops
ovata, Aegilops neglecta and Aegilops
speltoides, assumes homozygous vertical

(Appendix 1). 15 seeds of each sample are
sown in rows 1m in length, spaced at 30 cm
and 5 cm in the rows. Sowing was carried out
on 11.11.2012, in Stozher, Dobrich region.
To determine the infectious type of the three
pathogens ten point scale, aligned on the
respective scales of susceptibility for each of
the pathogens was used: for powdery mildew scale of Mains and Dietz (in Dochev et al.,
2009); for brown rust scale of Cereal Rust
Laboratory, Minnesota, USA (in Dochev et al.,
2009); for septoria leaf blight scale of Rosielle
(Eyal et al., 1978). The equivalent scale and
other scales are listed in Table 2 (Appendix 2).
The attacking rate (AR) expressed as %
infected leaf area for each accession was
determined by the formula of McKinney
(McKinney, 1923) and distribution rate (DR) is
defined as the ratio of infected to uninfected
plants of each accession, expressed in %
(Nakov et al., 2007).
The evaluation has been conducted under field
conditions in 2013 in phase milky maturity of
the accessions, where natural races of the
pathogens are presented. For proper
identification of pathogens and reporting of
their appearance, standard varieties for
susceptibility are used: to powdery mildew
(Erysiphe graminis) - Sadovska ranozreyka,
brown rust (Puccinia recondita) - Michigan
Amber, septoria leaf blight (Septoria tritici) Enola.
Assessment of the suitability of the accessions
as a starting material is made on the basis of a
3-point scale identical for the three studied
pathogens and resistant, intermediate resistant
and susceptible accessions are defined (Table 2
(Appendix 2) [* And **]).
RESULTS AND DISCUSSIONS
In Table 3 (Appendix 3) are presented the
results of the infectious type of the analyzed
accessions. According to the applicable 10point aligned scale clearly could be
distinguished the variation in susceptibility to
pathogens, as well as to the various species and
between accessions within a species. As
regards the infectious type largest variation was
observed for the powdery mildew (124%),
lower for brown rust (86%) and none for the
septoria leaf blight.
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variation in the attacking rate and infection type
is indicative of the certain polymorphism of
resistance, which suggesting resistance to lowvirulent races, and moderate susceptibility to
the strong-virulent. Since powdery mildew and
brown mildew races are classic-type races, in
this case different pathotypes are assumed,
which is indicative of the variability at
pathogen-level. It is also observed complete
resistance to septoria leaf blight. Similar is the
attack of the three pathogen species in
accessions of Aegilops ventricosa. In both
species has been reported the presence of
specific genes determining vertical resistance to
three pathogens. Such genes reported Assefa
and Fehrmann (2000), Huang and Gill (2001),
Raupp et al. (2011), Huang et al. (2003), Bartos
et al. (2005), Hussien et al. (1997), Gill et al.
(1986), Huang and Gill (1999).
Aegilops ovata, Aegilops neglecta and Aegilops
speltoides feature complete resistance of the
nature-presented races of the pathogen of
powdery mildew, brown rust and septoria leaf
blight. This assumes a vertical resistance. Many
authors have reported successfully transferred
resistance genes of these species in bread wheat
(Damania and Pecetti, 1990; Marais et al.,
2010; Spetsov, 2004; Spetsov et al., 2006;
Zaharieva et al., 2004; Van Ginkel and
Rajaram, 1999).

resistance to all three tested pathogen. Ivanova
(2012), reported differences in the attacking
rate and distribution in different accessions of
Aegilops, depending on the species and
accessions, confirming the strong polymorphic
nature of wild species.
With the highest infectious type, attacking rate
and distribution rate the species Aegilops
cylindrica is distinguished. In the studied
accessions, the pathogens of powdery mildew
and brown rust are highly prevalent in all
plants, which determine the lack of monogenic
resistance. Variation in the attacking rate is
observed depending on the climatic conditions
for the accession ACS (Stoyanov, personal
communication). Stoaynov (2013), Stoyanov et
al. (2012), indicate that the accession ACC46,
which originates from accession ACS is
completely resistant to powdery mildew and
brown rust, as well as hybrid plants obtained
with its participation. This is indicative of
differentiation within species. Plamenov (2003)
listed the species as highly polymorphic in its
morphology.
Since
the
morphological
polymorphism
resulted
from
certain
physiological abnormalities in the phylogeny of
the species, it could be assumed that the studied
accessions were polymorphic in relation to
their own pathogenic susceptibility i.e. it is
observed race specificity within a species, at
the of individual plant-level. At the same time,
the studied accessions were completely
resistant to septoria leaf blight. Resistance is
probably species-specific because in the
country only races attacking wheat and triticale
are presented as Rodeva (2004) and Vasileva et
al. (2006) reported.
Studied accessions of Aegilops tauschii, exhibit
a strong variation in the attack of powdery
mildew and brown rust. Unlike Aegilops
cylindrica, in this species no cross
susceptibility to both the pathogen is observed,
which determines the presence of vertical
resistance to particular races represented in the
area. Since Aegilops tauschii is not typical for
the area where the study was conducted, it is
assumed that attacked accessions are infected
with races specific to Aegilops cylindrica and
species of the genus Triticum. This determines
race-specific resistance of the species. In some
of the accessions (AE26, AE213, AE205,
AE32, AE1496), the observed intraspecific

CONCLUSIONS
Based on the presented results, the following
conclusions could be made:
1. Accessions of Aegilops cylindrica and some
accessions of Aegilops tauschii and Aegilops
ventricosa are highly susceptible to the
pathogens of powdery mildew and brown
rust.
2. Accessions of Aegilops tauschii and Aegilops
ventricosa are determined with a wide
variation in their attacking rate, distribution
rate and infectious type, which is indicative
of their intraspecific polymorphism.
3. All studied accessions were completely
resistant to the pathogen at the septoria leaf
blight, which is due to the species-specific
resistance.
4. Aegilops ovata, Aegilops neglecta and
Aegilops speltoides exhibit complete resistance of the nature presented races of the
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Huang L., Gill B.S., 2001. An RGA – like marker detects
all known Lr21 leaf rust resistance gene family
members in Aegilops tauschii and wheat. Theor Appl
Genet, 103: p. 1007-1013.
Hussien T., Bowden R.L., Gill B.S., Cox T.S., Marshall
D.S., 1997. Performance of four new leaf rust
resistance genes transferred to common wheat from
Aegilops tauschii and Triticum monococcum. Plant
Dis, 81: p. 582-586.
Ivanova V., 2012. Studies on resistance to common
wheat and other species to the cause of brown rust
Puccinia triticina Erikss. - autoreferate. DAI-General
Toshevo (Bg).
Jia J., Devos K.M., Chao S., Miller T.E., Reader S.M.,
Gade M.D., 1996. RFLP-based maps of the homoeologous group-6 chromosomes of wheat and their
application in the tagging of Pm12, a powdery mildew resistance gene transferred from Aegilops
speltoides to wheat. Theor Appl Genet, 92, p. 559-565.
Kuraparthy V., Chhuneja P., Dhaliwal H.S., Kaur H.,
Bowden R.L., Gill B.S., 2007. Characterization and
mapping of cryptic alien introgression from Aegilops
geniculata with new leaf rust and stripe rust
resistance genes Lr57 and Yr40 in wheat. Theor Appl
Genet, 114: p. 1379-1389.
Kuraparthy V., Sood S., Guedira G.B., Gill B.S., 2011.
Development of a PCR assay and marker-assisted
transfer of leaf rust resistance gene Lr58 into adapted
winter wheats. Euphytica, 180, p. 227-234.
Lalkova L.I., Arbuzova V.S., Efremova T.T., Popova
O.M., 2004. Resistance to fungal diseases in hybrid
progeny from crosses between wheat variety
Saratovskaya 29 and the amphidiploid Triticum
timopheevii/Triticum tauschii. Rusian Journal of
Genetics, 40(9), p. 1046-1050.
Liu W., Jin Y., Rouse M., Friebe B., Gill B., Pumphrey
M.O., 2011. Development and characterization of
wheat-Ae. searsii Robertsonian translocation and
recombinant chromosome conferring resistance to
stem rust. Theor Appl Genet, 122, p. 1537-1545.
Mago R., Zhang P., Bariana H.S., Verlin D.C., Bansal
U.K., Ellis J.G., Dundas I.S., 2009. Development of
wheat lines carrying stem rust resistance gene Sr39
with reduced Aegilops speltoides chromatin and
simple PCR markers for marker-assisted selection.
Theor Appl Genet, 119, p. 1441-1450.
Maksimov I.V., Cherpanova E.A., Murtazina G.F.,
Chikida N.N., 2006. The relationship between the
resistance of Aegilops umbellulata Zhuk. seedlings to
Septoria nodorum Berk. and peroxidase izozyme

pathogen of powdery mildew, brown rust and
septoria leaf blight.
5. With best resistance to pathogens of brown
rust and powdery mildew are characterized
accessions AE192, AE1609 and AE20 and
they could be successfully involved into the
breeding programs of bread wheat and in the
obtaining of synthetic hexaploid lines.
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APPENDIX 1
Table 1. Accessions per species, origin and date of sowing
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Species
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops cylindrica
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops tauschii
Aegilops ventricosa
Aegilops ventricosa
Aegilops ventricosa
Aegilops ventricosa
Aegilops ventricosa
Aegilops ventricosa
Aegilops ovata
Aegilops neglecta
Aegilops speltoides
Triticum aestivum
Triticum aestivum
Triticum aestivum

Accession

Date of sowing

ACS
AE1512
AE573
AE540
AE790
AE746
AE712
AE1025
AE848
AE1035
ACD
AE3
AE26
AE213
AE205
AE192
AE1609
AE190
AE183
AE141
AE67
AE32
ATS1
AE617
AE1613
AE1496
AE730
AE28
AE20
AOS
ANS
AE101
SR
MA
EN

15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
15.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
13.11.2012
15.11.2012
15.11.2012
05.03.2013
11.11.2012
11.11.2012
11.11.2012

Plants
number
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Origin
wild (Stozher)
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
wild (Debrene)
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
DAI-GT
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
IPK-G
DAI-GT
DAI-GT
IPK-G
DAI-GT
DAI-GT
M-AGRO

IPK-G – Leibniz Institute of Plant Genetics and Crop Plant Research-Genebank, Germany; DAI-GT –
Dobrudzha Agricultural Institute-General Toshevo, Bulgaria; M-AGRO – M-AGRO Limited Liability CompanyStozher, Bulgaria;
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APPENDIX 2
Table 2. Equivalent 10-grade assessment pathogens scale
No
1
2
3
4
5

Equivalent 10-grade
assessment scale*
Code** Characteristics
R(0)
Immune (Imm)
Higly resistant
R(1)
(HR)
Very resistant
R(2)
(VR)
M(3)
Resistant (R )
Moderate
M(4)
resistant (MR)

Mains and Dietz scale

Coreal Rust
Laboratory, Minnesota
scale
0 Very resistant (VR)

0

Immune (Imm)

0

Higly resistant (HR)

1

1

Resistant (R )

1

Rosielle's S.tritici scale
0

Immune (Imm)

Very resistant (VR)

1

Higly resistant (HR)

2

Resistant (R )

2

Resistant (R )

Resistant (R )

3

2

Resistant (R )

2

Intemediate (I)

4

Resistant (R )
Moderate resistant
(MR)
Moderate resistant
(MR)
Moderate
susceptible (MS)
Moderate
susceptible (MS)

3

Intemediate (I)

3

Intemediate (I)

4

Susceptible (S)

4

Susceptible (S)

6

M(5)

Moderate (M)

2

Intemediate (I)

5

7

M(6)

Moderate
susceptible (MS)

3

Susceptible (S)

6

8

S(7)

Susceptible (S)

3

Susceptible (S)

7

Very susceptible
Very susceptible
Very susceptible
4
8
Susceptible (S)
5
(VS)
(VS)
(VS)
Very susceptible
Very susceptible
Higly
9
Susceptible (S)
5
4
10
S(9)
(VS)
(VS)
susceptible (HS)
*Note: The equivalent 10-grade assessment scale is used to determine the infectious type. For starting
breeding material assessment three level scale is used - R (resistant), M (medium-resistant), S (susceptible) (Stoyanov,
2013)
**Note: The code of the scale is composed of a letter (R, M or S) which indicate the breeding evaluation, and
number (0-9) which indicate the infectious type.
9

S(8)
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APPENDIX 3
Table 3. Assessment of Aegilops accessions for powdery mildew, leaf rust and septoria leaf blight by 10-grade scale via
infectious type (IT)
ST
No
Species
Accession
EG
PR
1
Aegilops cylindrica
ACS
S(8)
S(9)
R(0)
2
Aegilops cylindrica
AE1512
S(8)
S(8)
R(0)
3
Aegilops cylindrica
AE573
S(8)
S(7)
R(0)
4
Aegilops cylindrica
AE540
S(7)
S(8)
R(0)
5
Aegilops cylindrica
AE790
S(9)
S(8)
R(0)
6
Aegilops cylindrica
AE746
S(8)
S(7)
R(0)
7
Aegilops cylindrica
AE712
S(9)
S(8)
R(0)
8
Aegilops cylindrica
AE1025
S(8)
S(8)
R(0)
9
Aegilops cylindrica
AE848
S(8)
S(7)
R(0)
10
Aegilops cylindrica
AE1035
S(9)
S(7)
R(0)
11
Aegilops cylindrica
ACD
S(8)
S(9)
R(0)
12
Aegilops tauschii
AE3
R(1)
S(8)
R(0)
13
Aegilops tauschii
AE26
R(0)
R(1)
R(0)
14
Aegilops tauschii
AE213
R(0)
M(4)
R(0)
15
Aegilops tauschii
AE205
R(0)
M(5)
R(0)
16
Aegilops tauschii
AE192
R(0)
R(0)
R(0)
17
Aegilops tauschii
AE1609
R(0)
R(0)
R(0)
18
Aegilops tauschii
AE190
R(1)
R(0)
R(0)
19
Aegilops tauschii
AE183
M(3)
R(0)
R(0)
20
Aegilops tauschii
AE141
R(0)
S(8)
R(0)
21
Aegilops tauschii
AE67
R(0)
S(8)
R(0)
22
Aegilops tauschii
AE32
R(0)
R(1)
R(0)
23
Aegilops tauschii
ATS1
R(0)
R(1)
R(0)
24
Aegilops ventricosa
AE617
R(0)
R(0)
R(0)
25
Aegilops ventricosa
AE1613
R(0)
S(7)
R(0)
26
Aegilops ventricosa
AE1496
R(0)
M(3)
R(0)
27
Aegilops ventricosa
AE730
M(3)
M(3)
R(0)
28
Aegilops ventricosa
AE28
R(1)
R(0)
R(0)
29
Aegilops ventricosa
AE20
R(0)
R(0)
R(0)
30
Aegilops ovata
AOS
R(0)
R(0)
R(0)
31
Aegilops neglecta
ANS
R(0)
R(0)
R(0)
32
Aegilops speltoides
AE101
R(0)
R(0)
R(0)
33
Triticum aestivum
SR
S(9)
M(4)
M(4)
34
Triticum aestivum
MA
M(5)
S(9)
M(4)
35
Triticum aestivum
EN
M(4)
M(4)
S(8)
AVERAGE
3.09
4.21
0
STANDART DEVIATION
3.82
3.64
0
VARIATION COEFFICIENT (%)
124
86
EG – powdery mildew (Erysiphe graminis); PR – leaf rust (Puccinia recondita); ST – septoria leaf blight
(Septoria tritici); SR – Sadovska ranozreika; MA – Michigan amber; EN – Enola.
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APPENDIX 4
Table 4. Assessment of Aegilops accessions for powdery mildew, leaf rust and septoria leaf blight via attacking rate
(AR) and distribution rate (DR)
ST
EG
PR
AR, %
DR, %
AR, %
DR, %
AR, %
DR, %
1
Aegilops cylindrica
ACS
93.50
100.00
96.25
100.00
0.00
0.00
2
Aegilops cylindrica
AE1512
95.75
100.00
94.00
100.00
0.00
0.00
3
Aegilops cylindrica
AE573
97.50
100.00
92.00
100.00
0.00
0.00
4
Aegilops cylindrica
AE540
99.33
100.00
95.50
100.00
0.00
0.00
5
Aegilops cylindrica
AE790
99.50
100.00
94.50
100.00
0.00
0.00
6
Aegilops cylindrica
AE746
91.00
100.00
88.75
100.00
0.00
0.00
7
Aegilops cylindrica
AE712
99.50
100.00
95.75
100.00
0.00
0.00
8
Aegilops cylindrica
AE1025
95.00
100.00
96.00
100.00
0.00
0.00
9
Aegilops cylindrica
AE848
94.00
100.00
92.75
100.00
0.00
0.00
10 Aegilops cylindrica
AE1035
99.50
100.00
92.25
100.00
0.00
0.00
11 Aegilops cylindrica
ACD
85.50
100.00
97.50
100.00
0.00
0.00
12 Aegilops tauschii
AE3
15.00
46.67
92.00
100.00
0.00
0.00
13 Aegilops tauschii
AE26
0.00
0.00
23.00
40.00
0.00
0.00
14 Aegilops tauschii
AE213
0.00
0.00
28.00
53.33
0.00
0.00
15 Aegilops tauschii
AE205
0.00
0.00
39.00
46.67
0.00
0.00
16 Aegilops tauschii
AE192
0.00
0.00
0.00
0.00
0.00
0.00
17 Aegilops tauschii
AE1609
0.00
0.00
0.00
0.00
0.00
0.00
18 Aegilops tauschii
AE190
10.00
46.67
0.00
0.00
0.00
0.00
19 Aegilops tauschii
AE183
22.50
73.33
0.00
0.00
0.00
0.00
20 Aegilops tauschii
AE141
0.00
0.00
95.75
100.00
0.00
0.00
21 Aegilops tauschii
AE67
0.00
0.00
93.00
100.00
0.00
0.00
22 Aegilops tauschii
AE32
0.00
0.00
11.00
46.67
0.00
0.00
23 Aegilops tauschii
ATS1
0.00
0.00
5.00
46.67
0.00
0.00
24 Aegilops ventricosa
AE617
0.00
0.00
0.00
0.00
0.00
0.00
25 Aegilops ventricosa
AE1613
0.00
0.00
78.75
100.00
0.00
0.00
26 Aegilops ventricosa
AE1496
0.00
0.00
13.50
46.67
0.00
0.00
27 Aegilops ventricosa
AE730
17.50
66.67
10.00
40.00
0.00
0.00
28 Aegilops ventricosa
AE28
12.00
46.67
0.00
0.00
0.00
0.00
29 Aegilops ventricosa
AE20
0.00
0.00
0.00
0.00
0.00
0.00
30 Aegilops ovata
AOS
0.00
0.00
0.00
0.00
0.00
0.00
31 Aegilops neglecta
ANS
0.00
0.00
0.00
0.00
0.00
0.00
32 Aegilops speltoides
AE101
0.00
0.00
0.00
0.00
0.00
0.00
33 Triticum aestivum
SR
99.00
100.00
8.00
40.00
7.00
20.00
34 Triticum aestivum
MA
32.50
46.67
99.25
100.00
9.00
26.67
35 Triticum aestivum
EN
20.50
40.00
4.00
40.00
62.50
93.33
AVERAGE
35.22
43.12
47.63
56.87
0
0
STANDART DEVIATION
44.72
46.43
44.22
44.44
0
0
VARIATION COEFFICIENT (%)
126
107
92
78
EG – powdery mildew (Erysiphe graminis); PR – leaf rust (Puccinia recondita); ST – septoria leaf blight (Septoria
tritici); SR – Sadovska ranozreika; MA – Michigan amber; EN – Enola.
No

Species

Accession
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Abstract
Irrigation with a drip system uses less water than sprinkler irrigation. The foliar fertilization is an important
unconventional and unpolluting measure, meant to increase fruit crops through an ecological process suitable for
sustenable development. Technological variants were studied using localized irrigation (b2) and irrigation associated
with foliar fertilization (b2c2) on the behavior of three varieties of apple ʚRomus 3ʚ(a1), ʚGenerosʚ(a2) and ʚIonathanʚ
(a3) (Malus domestica Borkh.), grafted on M9, with different periods of maturation, in terms of the South-East of
Romania, where optimal conditions are encountered. From this paper, studies found that a version of localized
irrigation technology is associated with foliar fertilization (b2c2) and had influence on the characteristics of existing
trees, i.e. tree height and trunk section area (TSA) on the production of fruit but also on the quality of the fruit items
(average weight of the fruit, soluble dry matter, acidity and firmness).
Keywords: apple variety, drip irrigation, foliar fertilizer, quality, production.

Considering this, the present work we intend to
highlight the technological options using
localized irrigation and irrigation associated
with foliar fertilization on the behavior of three
varieties of apple (Malus domestica Borkh.)
grafted on M9, with different maturation
stages, in terms of the South-East of Romania,
where are found the optimal culture conditions.

INTRODUCTION
Making a modern fruit grow cannot be
conceived without ensuring adequate hydric
needs for fruit species alongside fertilization.
Even in areas were 600-700 mm annual rainfall
is recorded, there is a need to cover water
deficiency during July - September, or
sometimes in March and April, before and
during flowering and fall in October, during the
intense growth of roots. Irrigation with a drip
system uses less water than sprinkler irrigation
(Proebsting, 1994).
Foliar fertilization is necessary to create a
favorable nutrient medium in order to obtain
high yields of profitable indicators of quality.
Foliar fertilization with 0.1% Cropmax
provided a significant increase in production
while for ǯIdaredǯ variety a 6.2 t/ha
(Gradinariu, 2004).
With an increasing demand for newer cultivars,
higher orchard density, and different canopy
architecture, the impact of various irrigation
systems and rates of water on fruit quality and
yield of apples need to be studied in the future.
Overall, a drip system is recommended for
modern apple orchards (Fallahi, 2010).

MATERIALS AND METHODS
The experimental plot was located in the
Didactical
Farm
Station
Belciugatele,
experimental and didactic farm Moara
Domneasca. The locality is included in the
Romanian Plain relief subdivision Vlasiei, in
the transition from steppe to forest area. The
general relief is flat, with small bumps, and
numerous depressions called dales, shapes and
sizes. Groundwater is at depths of 6 to 10 m.
Accumulated rainfall was 293.6 mm in 2011
and 475 mm in 2012 under the multiannual
average 548 mm (1960-2010). The soil that
was founded typical reddish preluvosoil where
the experiments began (according SRTS-2012
Chrome Luvisol according to WRB-ST-1998).
In table 1 chemical analysis of soil (according
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Methodology ICPA-1987) are presented, which
shows a weak acidic reaction of soil with
values ranging from 5.82 to 6.19 (pH units).
Humus content is low (from 1.20 to 2.10%) at
the top of the soil (0-72 cm, corresponding to

the sequence of horizons Ap-AB), and very low
(0.36 to 0.60%) based on the profile (72-150
cm).

Table 1. The main chemical properties of the soil - Moara Domneasca
Level

Ap
Apt
Am
AB
Bt1
Bt2
Bt3

Depth

pHH2O

cm
0-16
16-29
29-40
40-72
72-93
93-130
130-150

units pH
6.12
5.82
6.19
6.00
6.02
6.04
6.18

Humus
(Cx1.72)
%
2.10
1.92
1.80
1.20
0.60
0.36
0.36

SB

Ah

T=SB+Ah

VAh

me/100 g soil
13.61
13.39
15.98
20.09
21.09
22.03
22.03

%
6.57
6.33
4.30
2.60
2.53
1.70
1.70

20.18
19.72
20.28
22.69
23.62
23.73
23.73

67
68
79
89
89
93
93

The amount of water in watering is about 350 400 m3/ha. The fertilizers were applied 3 times:
immediatelly after blossom and every 2 weeks
after. Soil samples were collected at two depths
(0-20 and 20-40 cm), variants b1 (unirrigated)
and b2 (irrigated) in the 3 varieties a1, a2 and
a3 and analytical data was interpreted
according to the methodology ICPA (1986,
1997) (Figure 2).

The plantation was established in 2004,
planting distances 4 x 3.5 m (Figure 1). The
experience was one trifactorial: factor A = variety
(a1-ǯRomus 3ǯ, a2-ǯGenerosǯ, a3-ǯIonathanǯ),
factor B = standard drip irrigation 4l/h (b1unirrigated Control (Ct), b2-irrigated) and
factor C = foliar fertilizer Cropmax 0.1% (c1unfertilized Control (Ct), c2-fertilized), placed
after the linear method with 5 trees/variant.

Figure 2. Collected soil samples for apples,
Moara Domneasca, 2011

Figure 1. Experimental plot in the apple orchard,
Moara Domneasca, 2011

Elements of fruit quality were determined by
specific methods. The average weight of the
fruit (g) was determined by weighing 25 fruits
from each experimental variant of composite
sample using an electronic balance. The content
of soluble dry matter (SDM%) was determined
by a Zeiss refractometer using a sample juice
resulting from 10 fresh fruits. Titratable acidity
(malic acid g%) was determined by direct
titration of a diluted extract with an alkaline

Drip irrigation was initiated since March 20,
administering it daily for 4 hours. During the
periods in which rainfall was recorded,
irrigation was discontinued. It has been
established as the optimal time periods in
which trees are most in need of water, these
being: linking fruit, physiological fall,
strengthening kernel, intensive growth of
shoots and fruit, bud differentiation.
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height and trunk section area (TSA), on the
fruit production, but also the fruit quality
elements (average weight of the fruit, soluble
dry matter, acidity and firmness).
Tree height was significantly influenced by
drip irrigation (b2) but also irrigation
associated with foliar fertilizer application of
Cropmax 0.1% (b2c2) in the three varieties
studied in the years 2011 and 2012 (Tables 2,
3).

solution of 0.1N NaOH in the presence of
phenolphthalein solution (1% alcohol). Pulp
firmness was made by portable penetrometer
from a sample size of 20 fruits.
RESULTS AND DISCUSSIONS
After studies found that localized irrigation
(b2) and localized irrigation associated with
foliar fertilization (b2c2) had influence on the
characteristics of trees vigor, respectively tree

Table 2. The influence of drip irrigation levels on the high of the tree of apples for the same variety and the same level
of fertilization, 2011
Variety (a)

Romus 3 (a1)
Tree height
(m)
Dif

b1 (unirrigated)
b2 (irrigated)

2.4
2.95

b1(unirrigated)
b2 (irrigated)
LSD 5%=0.2159
LSD 1% = 0.3026
LSD 0,1% = 0.4283

2,8
3,30

Generos (a2)
Tree height
(m)
Dif
c1 (unfertilized)
Ct
4.175
Ct
0.55***
4.65
0.475***
c2 (fertilized)
Ct
4.15
Ct
0.5***
4.875
0.675***

Ionathan (a3)
Tree height
(m)
Dif
3.275
3.85

Ct
0.575***

3.5
3.95

Ct
0.45***

Table 3. The influence of drip irrigation on the high levels of the tree of apples for the same variety and
the same level of fertilization, 2012
Variety (a)

Romus 3 (a1)
Tree height
(m)

b1(unirrigated)
b2 (irrigated)

3.325
3.775

b1(unirrigated)
b2 (irrigated)
LSD 5%=0.232614
LSD 1% = 0.327505
LSD 0,1% = 0.466869

3.675
4.15

Generos (a2)
Tree height
Dif
(m)
Dif
c1 (unfertilized)
Ct
4.675
Ct
0.45**
5.15
0.475***
c2 (fertilized)
Ct
4.9
Ct
0.475***
5.45
0.55***

Ionathan (a3)
Tree height
(m)

Dif

3.9
4.9

Ct
1***

4.325
5.125

Ct
0.8***

trunk section with values between 45.1075 cm2
b1c1Ct (unirrigated) and 69.44 cm2 in variant
b2c2 (irrigated and fertilized) (Table 5), with a
difference slightly significant (16.337*). In a
study by V. Tudor, 2013 for apricot, it is
mentioned that there was a highly significant
correlation
(R2=0.7748***)
between
production t/ha and TSA, in the present study
there are significant differences in the three
varieties both b1c2 and b2c2 only in 2012.

In terms of trunk sectional area (TSA) (Figure
3) it was found that the increase growth for
variations and varieties studied was slightly
significant in the study in 2011 (Table 4).
ʚRomus 3ʚ variety showed a weaker vigor
confirmed by the TSA index of 22.48 cm2
b1c1Ct (irrigated) and 42.725 cm2 b2c2 variant
(irrigated and fertilized) versus ǯGenerosǯ
variety TSA between 50.445 (b1c1Ct) and
70.97 cm2 (b2c2). In 2012 the same variety
ǯRomus 3ǯ recorded the smallest area of the
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Figure 3. Place where trunk sectional area was measured (TSA) for the variety ǯRomus 3ǯ
Table 4. The influence of drip irrigation levels on the TSA for the same variety and the same level of fertilization, 2011
Variety (a)

b1 (unirrigated)
b2 (irrigated)

Romus 3 (a1)
TSAX(cm2)
Dif
22.48
40.2025

b1 (unirrigated)
28.205
b2 (irrigated)
42.725
LSD 5%= 13.50065
LSD 1% = 19.1347
LSD 0,1% = 27.5667
X
(TSA – trunk sectional area)

Generos (a2)
TSAX(cm2)
Dif
c1 (unfertilized)
Ct
50.445
Ct
17.722*
65.07
14.625*
c2 (fertilized)
Ct
52.035
Ct
14.52*
70.97
18.935*

Ionathan (a3)
TSAX(cm2)
Dif
31.065
48.317
38.575
55.045

Ct
17.252*
Ct
16.47*

Table 5. The influence of drip irrigation levels on the TSA for the same variety and the same level of fertilization, 2012
Variety (a)

Romus 3 (a1)
TSA(cm2)
Dif

b1 (unirrigated)
b2 (irrigated)

45.107
61.825

b1 (unirrigated)
b2 (irrigated)
LSD 5%= 14.52592
LSD 1% = 20.46575
LSD 0,1% = 29.20696

53.102
69.44

Generos (a2)
TSA (cm2)
Dif
c1 (unfertilized)
Ct
94.34
Ct
16.717*
118.11
23.77**
c2 (fertilized)
Ct
98.087
Ct
16.337*
123.7
25.612**

Many studies indicates that tree nutrition
aspects, therefore a inadequate nutrition leaves
a discomfort for the trees, fact showed through
reduced vegetative growths, manifestation of
symptoms which indicated deficiencies and
apple production loss.
From Table 6 it is clear that the influence of
irrigation levels and increase the amount of
fruit production which are under the influence
of fertilization become significant. In 2011 the
3 varieties and experimental variants studied,
significant differences emerged (Table 6).
Significant differences were expressed at the
b2c2 between ǯGenerosǯ (5,875**) and ǯRomus
3ǯ variety (6.75**).

Ionathan (a3)
TSA(cm2)
Dif
56.855
103.262

Ct
46.407***

97.132
127.965

Ct
30,832***

Significant influence resulted in 2012 for
variants studied with higher values at b2c2 (eg
6.875*** at ǯGenerosǯ) (Table 7).
The apparent density values (AD) which
mirrors the state of alignment (loosening or
compaction) of the soil irrigated variant b1 of
0-20 cm depth within the limits from 1.24 to
1.45 g/cm3, and the depth of 20-40 cm within is
between 1.57 to 1.62 g/cm3. If b2 variant
(irrigated) values from 1.36 to 1.45 g/cm3 AD
are between 0-20 cm depth, and the depth of
20-40 cm between 1.60 to 1.64 g/cm3, which
means that increases with depth and level of
compaction (Figure 4).
152

Table 6. The influence of drip irrigation levels on the fruit production for the same variety and the same
level of fertilization, 2011
Variety (a)

Romus 3 (a1)
Production
t/ha

b1 (unirrigated)
b2 (irrigated)

17.25
22

b1 (unirrigated)
b2 (irrigated)
LSD 5%= 3.76701
LSD 1% = 5.3226
LSD 0,1% = 7.6309

18.75
25.5

Generos (a2)
Production
Dif
t/ha
c1 (unfertilized)
Ct
17.375
4.75*
21.75
c2 (fertilized)
Ct
17.625
6.75**
23.5

Dif

Ionathan (a3)
Production
t/ha

Dif

Ct
4.375*

14.25
18.5

Ct
4.25*

Ct
5.875**

17.25
23.75

Ct
6.5**

Table 7. The influence of drip irrigation levels on the fruit production for the same variety and
the same level of fertilization, 2012

Regarding soil characterization in terms of total
porosity (TP), we emphasize that the parameter
values are inversely proportional to the
apparent density (AD).
Note that the version b1of 0-20 cm depth
porosity is medium, recording higher values
(49.5 to 52.5 % v/v) than the version b2 (44.5
to 47.5 % v/v) where it is small.
The same general trend is preserved and the
depth of 20-40 cm between versions b1 and b2,
with values between 38-39 % v/v (b1) and
37.5 to 39 % v/v (b2) (Figure 5).

Ct
5.875**

16.5
22.25

Ct
5.75***

Ct
6.875***

20.75
26.75

Ct
6***

The content of N-NH4 is very high in all
variants studied. From the comparison between
versions, it follows that the b2 (irrigated) NNH4 values shows an increase, mainly on the
surface layer of soil, while N-NO3 shows
increases with depth.
60
50
40
30
20
10
0

1,8
1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0

b1

b2

b1

b2

b1

Romus 3

Generos

0-20
20-40

20
26.5

Dif

0-20
20-40

b1 (unirrigated)
b2 (irrigated)
LSD 5%= 2.592858
LSD 1% =3.64766
LSD 0,1% = 5.193186

Dif

0-20
20-40

15.45
22

Ionathan (a3)
Productio
n t/ha

0-20
20-40

b1 (unirrigated)
b2 (irrigated)

Generos (a2)
Production
Dif
t/ha
c1 (unfertilized)
Ct
18.375
6.55***
24.25
c2 (fertilized)
Ct
19.125
6.5***
26

0-20
20-40

Romus 3 (a1)
Production
t/ha

0-20
20-40

Variety (a)

b2

Ionathan

0-20
20-40

0-20
20-40

0-20
20-40

0-20
20-40

b1

b2

b1

b2

b1
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Figure 5. Effect of experimental factors (b1, b2, c1, c2)
on the total porosity (TP) of apple varieties studied
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0-20
20-40

(TP%v/v)

Stagnation of N-NO3 content is observed in b1
(irrigated) at ʚRomus 3ʚ (15 ppm) and
ʚGenerosʚ varieties (10 ppm) on the two depths
studied (Figure 6).
Available phosphorus values (mobile) shows
medium assurance in the first 20 cm of soil for
variant b2 (irrigated) to 25.00 ppm at ǯRomus

b2

Ionathan

AD (g/cm3)

Figure 4. Effect of experimental factors (b1, b2, c1, c2)
on the apparent density (AD) of apple varieties studied
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3ǯ, 30.79 ppm at ǯGenerosǯ and a high level of
37.37 ppm at ǯIonathanǯ variety.

elements studied, the increase being directly
proportional to the intake of water and mineral
elements by applying the fertilizer Cropmax
0.1% (Figure 8). The variety that reacted best
to the influence of these factors in the aspect of
fruit weight (g) and the acidity content (malic
acid/g%) was ǯGenerosǯ (a2) (Figure 9) with an
increase of weight from 179 g (b1c1Ct) to 189
g at b1c2 variant and from 0.49 to 0.56 in the
same variants. At b2c2 variant (irrigated and
fertilized) the weight gain was 7 g versus
b2c1Ct and in terms of the acid content it was
lower than 0.3 malic acid /g%.

N-NO3
16
14
12
10
8
6
4
2
0

0-20
20-40

0-20
20-40

0-20
20-40

0-20
20-40

b1

b2

b1

b2

b1

Romus 3

Generos

0-20
20-40

0-20
20-40

N-NH4
18
16
14
12
10
8
6
4
2
0

b2

Ionathan

N-NH4

N-NO3

Figure 6. Effect of experimental factors (b1, b2, c1, c2)
on content of nitric nitrogen (N-NH4) and nitrogen
ammoniacal contents (N-NO3) of apple varieties studied
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On the other depths of the variant b2 ensure a
middle level of this indicator and b1 variant
(irrigated) just ǯIonathanǯ ensured a medium
level of 26.98 ppm in depth 0-20 (Figure 4).
Appreciation of ensuring soil with K +
accessible (mobile) was made based on the
values obtained for the layer 0-40 cm, values
that are within the 25-40 ppm showing a
lowered insurance with K (Figure 7).

0
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Figure 8. Effect of experimental factors (b1, b2, c1, c2)
on average weight of the fruit (g) and titratable acidity
content (malic acid/g%) of apple varieties studied
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Figure 9. ʚGenerosʚ variety

Figure 7. Effect of experimental factors (b1, b2, c1, c2)
on the in phosphorus (P) and potassium (K) contents of
apple varieties studied

Along with water and fertilizer influence as
experimental factors, the variation of dry matter
content in apples is determined by the climatic
conditions of the area, time of ripening and
agro-biological value of the variety. Fruit
firmness also is influenced by climatic
conditions, time of ripening, dry matter content,
the degree of hydrolysis of starch. As the fruit
is more riped, the hydrolysis of pectic
substances is greater, therefore it shows a lower

Product quality through its indicators: soluble
dry matter and acidity, is influenced by the
intake of water and fertilizers, in this case of
the foliar and especially the agro-biological
value of the variety.
Thus it was found clear that the influence of
technological variant b2 (irrigation) and b2c2
(irrigation + fertilization) over all quality
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in 2012 for variant studied b2c2 by a higher
value (6.875*** at ǯGenerosǯ variety).
Indicators of soil physical attributes, namely
apparent density (AD) which shows the depth
values 0-20, growing in depth with alongside
the percentage of clay in the soil. The total
porosity (TP) of the soil shows higher values at
the soil surface and lower at depths. Status of
soil with a phosphorus supply is medium for
variant b2 (irrigated) at ǯRomus 3ǯ (25.00 ppm)
and ǯGenerosǯ (30.79 ppm) and higher
ǯIonathanǯ (37.37 ppm) in the top 20cm. On the
same depth variant b1 (irrigated) only the
variety ǯIonathanǯ recorded a medium value
(29.68 ppm). Soil potassium supply is low
which implies the use of fertilizers with K.
In regards of quality a clear influence was
established for technological variant b2
(irrigation) and ab2c2 (irrigation + fertilization)
overall quality elements studied, the increase
being directly proportional to the intake of
water and mineral elements by applying the
fertilizer Cropmax 0.1%.
We consider the drip irrigation associated with
foliar fertilization is an important unconventional and unpolluting measure, meant increase
fruit crops through an ecological process
suitable for sustainable development.

firmness. Soluble dry matter content varied
between the three varieties studied, the increase
being proportional to the factors experimental,
with limits of content from 10% at ʚGenerosʚ
b2c2 variant (irrigated + fertilized) to 14% at
ǯIonathanǯ variety (Figure 10). Figure 10 shows
that fruit firmness at harvest showed increases
from 4.2 kgf/cm2 (b1c1Ct) to 4.68 kgf/cm2
(b2c2) the ǯGenerosǯ variety from 4.2 kgf/cm2
(b1c1Ct) to 4.87 kgf/cm2 (b2c2) ǯGenerosǯ
variety and ǯIonathanǯ (Figure 11) from 3.13
kgf/cm2 (b1c1Ct) to 3.88 kgf/cm2 (b2c2).
6
5
4
3
2
1
0

20
15
10
5

b2c2

b1c2

b2c1-Mt

b1c1-Mt

b2c2

b1c2

b2c1-Mt

b1c1-Mt

b2c2

b1c2

b2c1-Mt

b1c1-Mt

0

Romus 3-a1
Generos-a2
Ionathan-a3
SDM %
Firmness(kgf/cm2)

Figure 10. Effect of experimental factors (b1, b2, c1, c2)
on soluble dry matter content (%) and fruit firmness
(kgf/cm2) of apple varieties studied

REFERENCES
Amiri M.E, Fallahi E., Golchin A., 2008. Influence of foliar
and ground fertilization on yield, fruit quality, and soil,
leaf, and fruit mineral nutrients in apple. Journal of Plant
Nutrition, Vol.31, Issue 3, p. 515-525
Bertschinger L., Henauer U., Lemmenmeier L., Stadler
W., Schumacher R., 1997. Effects of foliar fertilizers
on abscission, fruit quality and tree growth in an
integrated apple orchard. Acta Hort 448, p. 43-50.
Fallahi E., Neilsen D., Neilsen G.H., Fallahi B., Shafii
B., 2010. Efficient irrigation for optimum fruit
quaility and yield in apples. Hort Science, Vol 45,
nr.11, p. 1616-1625
Gradinariu G., Bireescu L., Istrate M., Zlati C., 2004.
The influence of foliar fertilization upon apple tree
growing and fructification. Lucrari stiintifice
USAMVB, Seria B., Vol XLVII, p. 329-333.
Proebsting E., 1994. Tree fruit irrigation, Strategy development for managing drought. Eds Williams K.M.,
Ley T.W. (Good Fruit Grower, Yakima, WA), p. 39-50.
Zavalloni C., Marangoni B., Tagliavini M., Scudellari
D., 2001. Dynamics of uptake of calcium, potassium
and magnesium into apple fruit in a high density
planting. Acta Hort 564, p. 113-121.

Figure 11. ʚIonathanʚ variety

CONCLUSIONS
Tree height was significantly influenced by
drip irrigation (b2) but also irrigation
associated with application of foliar fertilizer
Cropmax 0.1% (b2c2) in the three varieties
studied (a1, a2 and a3) in terms of studied years
2011 and 2012. Fruit production expressed a
significant differences at b2c2 variant between
ǯGenerosǯ (5,875**) and ǯRomus 3ǯ varieties
(6.75**) in 2011. Significant influence resulted
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Abstract
Biofertilisers emerged as a successful alternative to mineral fertilizers in maintaining soil fertility in organic farming.
The aim of the study was to examine the impact of biofertilisation on vegetative growth and indicators of leaf gasexchange (rate of net photosynthesis, intensity of transpiration, and stomatal conductance) of pepper seedlings. An
experiment was carried out in 2009-2011 in a polyethylene greenhouse at the biological farm at the Agroecological
Centre at the Agricultural University-Plovdiv. It included pepper variety 'Sofiiska Kapiya' and selected biofertilizers
that were tested for their effectiveness, i.e. Seasol (Earthcare), applied on two basic fertilisations- Boneprot and
Lumbrical. The biofertilisers’ active substances fall in the list of allowed soil fertility additives according to Regulation
(EC) No. 889/2008. The results from the biometric measurements of pepper seedlings (plant height and number of
leaves) showed the highest values for the variant fed with the combination of biofertiliser Seasol applied on the basic
fertilisation with Boneprot (2009, 2011). The positive impact of this combined application was shown by the higher rate
of net photosynthesis (2010, 2011) in comparison to the single application of the basic fertilisation with Boneprot. An
overall improvement of the physiological status of the seedlings was observed. The highest value of the the intensity of
the transpiration was observed for the treatment with optimum concentration of basic fertilisation with Lumbrical
(2010, 2011). The stomatal conductance had a high value upon combined application of biofertiliser Seasol on the
basic fertilisation with Lumbrical (2009, 2010). The highest values of stomatal conductance were observed in the
treatments, which showed also a maximum intensity of transpiration that can be attributed to the supply of nutrients in
easily accessible form with the liquid biofertiliser Seasol and its good combination with basic biofertiliser applications.
Keywords: biofertilisers, Capsicum annuum L., leaf gas- exchange, organic agriculture, seedlings.

INTRODUCTION
The research on the effectiveness of
biofertilisers application in organic seedling
production are not sufficient. Producing healthy
and quality organic seedlings is a guarantee for
producing optimal yield. Cholakov et al. (2013)
point out the report of Murtazov (1980),
according to whom the usage of healthy and
high-quality seedling material is an important
technological stage in growing the major
vegetable crops.
Biofertilisers can improve the soil fertility and
provide the needed plant nutrition, thus making
them efficient components in organic
agriculture (Vermany, 2007). Organic and
inorganic fertilisers applied to the soil supply
nutrients for crop growth and affect the plant’s
physiological processes, which serve as
important instruments in yield development

(Amujoyegbe et al., 2007). There is a close
interdependent connection and conditionality
between mineral feeding and photosynthesis of
plants (Pandev et al., 1980). Photosynthesis
provides
the
primary
constructive
elements and the necessary energy, but root
feeding provides the remaining required
nutritional substances (Aladzhadzhiyan, 2002).
The additional feeding of pepper plants with
vermicompost Lumbrical impacts positively the
leaf gas-exchange. With the increase of the
biofertiliser dose, the net photosynthesis and
intensity of transpiration also increase. The
higher intensity of photosynthesis can also be
attributed to the decreased stomatal limitation
that leads to increasing of inter- cell
concentration of the ɋɈ2 (Karanatsidis, 2013).
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The treatments were done with biofertilisers
Boneprot, Lumbrical and Seasol, which are
included in the list of the permitted substances
for soil maintaining fertility according to
Regulation (EC) No. 889/2008.
Boneprot (Arkobaleno, Italy) is pellet organic
fertilisers, and has following composition:
(organic nitrogen (N)-4.5%; phosphorus
anhydride (P2O5) total-3.5%; potassium (K2O)3.5%; calcium (CaO)-5-8%; magnesium
(MgO)-0.8-1%; organic carbon (C) of
biological origin-30%; humification rate (HR)10-13%; humidity - 13-15%; ɪɇ in water - 6-8.
Boneprot is entirely organic fertiliser consisting
solely of processed cattle manure.
Lumbrical (private producer from village
Ʉostievo, Bulgaria) is a product obtained from
processing organic manure and other organic
waste by the Californian red worms (Lumbricus
rubellus and Eisenia foetida) and consists of
their excrements. Ɍhe commercial product has
humidity of 45-55%, organic matter content of
45-50%, Ammonium nitrogen (NH4N) 33.0
ppm, nitrate nitrogen (NO3N) 30.5 ppm, P2O5
and K2O 1410 ppm and 1910 ppm respectively.
It contains useful microflora 2x1012 pce/g,
humic and fulvic acids, nutritional compounds.
The product acidity is 6.5-7.0 (pH in H2O).
Seasol (Earthcare) Seasol International Pty Ltd.
(Australia) is an extraction of brown algae
Durvillaea potatorum. Seasol is a 100% liquid
natural seaweed extract. The commercial
product contains raw protein (2.5±0.1% w/w),
alginates (6±2% w/w), total solidity
(10.0±0.5% w/w), and ɪɇ (10.5±0.5% w/w),
and has a variety of mineral elements and
traces of Ca (0.05±0.03% w/w), N
(0.10±0.05% w/w), P (0.05±0.02% w/w), K
(2.0 ± 0.5% w/w), and cytokines.
Study Parameters
Biometry
Ten plants per variant were analyzed at the end
of the seadling period by measuring their plant
height (in cm) and number of leaves.
Leaf gas- exchange parameters
Measurements on well-developed leaves from
the seedlings were taken. The sampled leaves
were representative of each treatment that was
done 10 days after second introduction of the
liquid biofertiliser Seasol and at the end of
seedlings period. The analyzed parameters
were: net photosynthetic rate (PN) (μmolm-2s-1),

The aim of the study was to examine the
impact of biofertilisation on vegetative growth
and indicators of leaf gas-exchange (rate of net
photosynthesis, intensity of transpiration, and
stomatal conductance) of pepper seedlings.
MATERIALS AND METHODS
This experiment was carried out in 2009- 2011
in a polyethylene greenhouse of the
Agroecological Centre at the Agricultural
University of Plovdiv (Bulgaria), situated on
the domain of a certified organic farm.
The research examined a pepper variety
'Sofiiska Kapiya' grown as mid-early field
production according to the principles of
organic agriculture (Panayotov, 2000). The
seeds for seedling production were in
conjunction with the EU requirements for
organic plant growing. Sowing took place in
the second half of March. The plot formation
was followed by introduction of a basic
(background)
fertilisations
with
solid
biofertilisers Boneprot and Lumbrical (g/m2).
The biofertilisers dose was in conjunction with
manufacturers’
recommendations.
The
experiment included 4 replications of 1 m2
each.
Variants:
1. Control (non-fertilised)
2. Basic fertilisation with Boneprot (optimal
concentration)
3. Basic fertilisation with Boneprot (50%) +
Seasol
4. Basic fertilisation with Lumbrical (optimal
concentration)
5. Basic fertilisation with Lumbrical (50%) +
Seasol
Two basic fertilisations with Boneprot and
Lumbrical were applied in the soil and
incorporated prior to the time of sowing. The
biofertilisers
were
applied
in
two
concentrations i.e. optimal (corresponding to
70 kg/da for the basic fertilisation Boneprot
and 400 L/da for the basic fertilisation
Lumbrical) and optimal reduced by 50%.
In the process of seedling growth, the
biofertiliser Seasol was introduced twice, i.e. in
the soil before sowing of seeds in concentration
1:500-0.3-0.4 L/da, and at the end of the
seedling growing in the same concentration
(Vlahova, 2013).
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transpiration intensity (E) (mmol m-2s-1) and
stomatal conductance (gs) (mol m-2 s-1), using a
portable infrared gas analyser LCA-4 (ADC,
Hoddesdon, England).
Statistical data processing was done by
Microsoft Office Excell 2007, SPSS (Duncan
1955), BIOSTAT and STATISTICA - StatSoft
Treatment 9.0 (MȺNOVA, StatSoft). An
analysis of variance (ANOVA) was used to
analyse the differences between treatments. A
Duncan multiple-range test was also performed
to identify the homogeneous type of the data
sets among the different treatments at P<0.05
level. BIOSTAT was used to compare the
results as treated compared to the control.

cm (Table 1). The difference between these two
variants was not significant (at P<0.05). The
statistical analysis made in connection with all
variants showed that the difference in
comparison with the non-fertilized control was
significant at P0.1%. When compare the variants
on the two basic fertilizations, it was found that
the plants are higher after the basic fertilization
with Boneprot.
In 2010, the highest values of the pepper
seedlings height was measured for the variant
treated with biofertiliser Seasol on the basic
fertilization Lumbrical, i.e. 17.50 cm. In
comparison with the single application of a
basic fertilization in optimal concentration, a
better result was shown on the basic
fertilization with Lumbrical. In all variants the
difference compared to the control was
significant at P0.1%.
The results of the biometric measurements of
the height of the pepper seedlings in 2011
showed, that the liquid biofertiliser Seasol on
the basic fertilization Boneprot lead to a higher
value in comparison with the basic fertilization
Lumbrical, thus confirming the findings made
in 2009.

RESULTS AND DISCUSSIONS
Changes in biometric parameters during the
vegetative growth of pepper seedlings
The results of biometric measurements on the
height of the pepper seedling for the variety
'Sofiiska Kapiya' showed that in 2009 the
highest value was shown by the variant treated
with the biofertiliser Seasol on the basic
fertilisation Boneprot, i.e. 19.32 cm, followed
by the variant treated with biofertiliser Seasol
on the basic fertilization Lumbrical, i.e. 19.28

Ɍable 1. Height of plants (cm) on pepper seedlings, variety of 'Sofiiska Kapiya'
Mean; St. Dev.

GD

Mean; St. Dev.

GD

Mean; St. Dev.

GD

Average
for the
period

Control

16.66 ± 0.342 ɟ

Base

16.10 ± 0.207 f

Base

15.55 ± 0.127 d

Base

16.10

Boneprot
(optimum)
Boneprot
(50%) + Seasol
Lumbrical
(optimum)
Lumbrical
(50%) + Seasol
GD 5 %
GD 1%
GD 0.1%

18.50 ± 0.065 b

+++

17.20 ± 0.254 de

+++

16.21 ± 0.542 c

+++

17.30

19.32 ± 0.202 a

+++

17.00 ± 0.067 e

+++

16.70 ± 0.286 b

+++

17.67

17.41 ± 0.586 d

+++

17.40 ± 0.312 d

+++

16.60 ± 0.046 b

+++

17.14

19.28 ± 0.226 a

+++

17.50 ± 0.131 d

+++

16.62 ± 0.361 b

+++

17.80

2009
No
1.
2.
3.
4.
5.

Treatments

2010

0.22
0.30
0.41

2011

0.30
0.41
0.56

0.33
0.45
0.61

*Duncan’s Multiply Range Test, Ɋ<0.05

It was found that the combined application of
biofertilisers had better effect on the average
height of the pepper seedlings in comparison
with the single application of basic fertilization
in optimum concentrations. It was detected in
2009 and confirmed in 2011. The results of
biometric measurements of the average height
of the pepper seedlings showed that the treated

plants exceeded the controls during the three
years (at Ɋ0.1%).
In 2009, the highest number of a leaves of a
plant in the seedling phase was obtained after
the combined application of the biofertiliser
Seasol on the basic fertilization Boneprot, i.e.
8.87 pcs/plant, followed by treatment with the
biofertiliser Seasol on the basic fertilization
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Lumbrical, i.e. 8.60 pcs/plant (Table 2). The
difference in these two variants, compared to
the control was significant at P0.1%. The results
showed the better effect of the combined
application of biofertilisers reflecting in higher
number of leaves per plant in comparison with
the single application on the basic fertilizers.
In 2010 maximum value was found upon
additional application of the biofertiliser Seasol
on the basic fertilization Lumbrical and the
single application on the basic fertilization
Boneprot, i.e 7.80 pcs/plant. The difference
between the average values and the nonfertilised (control) was significant (P0.1%).
The highest number of leaves per plant in the
seedling phase in 2011, was found upon
combined application of biofertiliser Seasol on
the basic fertilization Boneprot, i.e. 7.40
pcs/plant, thus confirming the findings made in

2009. The best effect of influence on the
formed number of leaves per plant, average for
the period was reported for the combined
treatment of the biofertiliser Seasol applied on
the basic fertilization Boneprot, i.e 7.89
pcs/plant.
The combined application of liquid biofertiliser
Seasol affected positively on the total number
of leaves on the basic fertilization Boneprot
(2009, 2011) and on the basic fertilization
Lumbrical (2009, 2010) and had an effect on
the height of pepper seedlings on the basic
fertilization Boneprot (2009, 2011) and on the
basic fertilization Lumbrical (2009, 2010,
2011). This can be attributed to the favorable
influence on the Seasol and suitable
combination with the basic fertilization, which
ensured nutritional substances absorbable by
seedlings.

Table 2. Number of leaves per plant on pepper seedlings, variety of 'Sofiiska Kapiya'
2009
No.
1.
2.
3.
4.
5.

Treatments
Control
Boneprot (optimum)
Boneprot
(50%) + Seasol
Lumbrical (optimum)
Lumbrical
(50%) + Seasol
GD 5 %
GD 1%
GD 0.1%

Mean; St. Dev.
6.67 ± 1.234 ɟ
7.87 ± 0.352

d

8.87 ± 0.352

ab

8.40 ± 0.507

bcd

8.60 ± 0.507

abc

GD

Mean; St.Dev.

GD

Average
for the
period

Base

5.60 ± 1.121 e

Base

6.25

+++

6.67 ± 0.488

d

+++

7.45

7.40 ± 0.507

bc

+++

7.89

7.20 ± 0.414

cd

+++

7.67

7.07 ± 0.458

cd

+++

7.82

2010
GD
Base
++
+++
+++
+++

Mean; St.Dev.
6.47 ± 1.246 f
7.80 ± 0.414

d

7.40 ± 0.507

de

7.40 ± 0.507

de

7.80 ± 0.414

d

0.68
0.93
1.26

2011

++
++
+++
0.59
0.81
1.09

0.51
0.69
0.93

*Duncan’s Multiply Range Test, Ɋ<0.05

Leaf gas-exchange analyses under seedlings
The summarized results of the rate of net
photosynthesis (PN) in the period of the
experiment are presented on the Table 3 below.
In the end of 2009 seedling period, the highest
value was reported after applying optimal
concentration Boneprot, i.e.23.40 μmolm-2s-1.
Higher PN values were shown by the pepper
seedling fed with liquid biofertiliser Seasol on
the basic fertilization Lumbrical, as the
difference between average values compared to
the control ones was significant at P0.1%.
In 2010, the highest value of the rate of the net
photosynthesis (PN) was shown after
application of biofertiliser Seasol on basic
fertilization with Boneprot, i.e. 23.25 μmolm2 -1
s . Comparing the results of both basic
fertilizations. It was found that there was a

higher PN upon the application of Boneprot, as
the difference between the average compared to
the control was significant at P0.1%.
In 2011, the highest value of the rate of the net
photosynthesis (PN) was reported for the pepper
seedlings fed with liquid biofertiliser Seasol on
the basic fertilization Boneprot - 24.30 μmolm2 -1
s , as the difference between the average
compared to the control was significant at
P0.1%. Combined application of the biofertiliser
Seasol on the basic fertilization Boneprot in
2011, confirmed the findings in 2010. It
confirmed the stimulating effect of combined
application in comparison with optimum
concentration on the basic fertilization
Boneprot (2010, 2011) and Lumbrical (2009,
2011).
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Ɍable 3. Rate of the net photosynthesis PN - (ȝmol mЁ²sЁ¹) in the end of seedling period
No.
1.
2.
3.
4.
5.

Treatments

2009
Mean;
St. Dev.

2010
Mean;
St. Dev.

GD

Control

18.00 ± 0.269 b

Base

Boneprot
(optimum)
Boneprot
(50%) +
Seasol
Lumbrical
(optimum)
Lumbrical
(50%) +
Seasol
GD 5 %
GD 1%
GD 0.1%

23.40 ± 1.796 a

++

18.26 ± 0.608 b

16.70 ± 1.302 ɟ

GD

2011
Mean;
St. Dev.

GD

Base

18.11 ± 0.580 e

Base

20.50 ± 1.224 bcd

++

18.49 ± 0.395 e

ns

ns

23.25 ± 2.359 a

+++

24.30 ± 0.400 a

+++

17.30 ± 0.488 b

ns

22.10 ± 0.895 abc

+++

19.80 ± 0.200 de

+

22.98 ± 2.616 a

++

19.57 ± 0.480 d

+

21.82 ± 0.315 bc

+++

3.22
4.58
6.63

2.17
2.96
4.00

0.90
1.26
1.83

*Duncan’s Multiply Range Test, Ɋ<0.05

The Multifactorial Analysis of variance
(MȺNOVA, StatSoft) applied for the purpose
of analyzing the rate of the net photosynthesis
(PN) in the seedling period during the period of
the experiment is presented in Figure 1 below.
The interaction of major factors for pepper
growth, i.e. type of biofertiliser and the year of
vegetation (different agroecological conditions)
was investigated.
The interaction of these factors impacted
significantly (Ɋ<0.05) the rate of the net
photosynthesis (PN).
The impact was significant after feeding with
liquid Seasol on Boneprot. Combined
biofertilization have greater impact than
application of a single biofertiliser.

Seasol on the basic fertilization Lumbrical and
after optimal concentration of Lumbrical, i.e.
2.00 mmolm-2s-1. The diference by these two
variants and the non-fertilized control was
significant at P 0.1% (Table 4).
In 2010 the higher values of the dynamics of
the net photosynthesis has been reported for
plants cultivated on the basic fertilization
Lumbrical- 2.42 mmolm-2s-1. The combined
application of biofertiliser Seasol on the basic
fertilization Lumbrical showed a higher effect
on the intensity of the transpiration in
comparison with the combined application on
the other biofertilisers. In 2011, the data
showed the maximum value after single basic
fertilization Lumbrical, i.e.
1.88 mmolm-2s-1. Next higher results were
shown also after a single application of
biofertiliser Boneprot.
The Figure 2 presents the MȺNOVA (StatSoft)
for analyzing the intensity of transpiration (E)
in the pepper seedling during the period of the
experiment. It was found that there is no
uniform tendency, i.e. interaction between the
two factors is statistically significant (Ɋ<0.05)
and impacts the intensity of transpiration (E),
but it is more profound after application of
Lumbrical in optimum concentration as well as
after application of the combined treatment of
Seasol and basic fertilisation.
The study found a maximum stomatal
conductance (gs) in the pepper seedlings grown
on the basic fertilization Lumbrical (2009,
2010) (Table 5).
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Rate of the net photosynthesis (PN )

14

13

12

11

10

9

8

7

Control (non-fertilised)
Boneprot (50%) + Seasol
Lumbrical (50%) + Seasol
Boneprot (optimal)
Lumbrical (optimal)

Treatments

2009
2010
2011

Figure 1. Effect of the interaction of the main
factors on rate of the net photosyntesis (2009-2011)

The intensity of transpiration (E) in 2009 at
the end of seedling period showed the highest
value by the pepper fed with biofertiliser
160

Ɍable 4. Transpiration intensity ȿ - (mmolm-2 s-1) in the end of seedling period
2009
No.
1.
2.
3.
4.
5.

Treatments

Control
Boneprot (optimum)
Boneprot
(50%) + Seasol
Lumbrical (optimum)
Lumbrical
(50%) + Seasol

2010

Mean;
St. Dev.
1.38 ± 0.269 b
1.26 ± 0.156 bc

Base
ns

1.20 ± 0.042 bc

ns

2.00 ± 0.035

a

2.00 ± 0.042

a

Mean;
St. Dev.
1.82 ± 0.172 d
bc
2.32 ± 0.255

GD

+++
+++

GD 5%
GD 1%
GD 0.1%

2.04 ± 0.210

cd

2.42 ± 0.099

abc

2.38 ± 0.367

abc

0.25
0.35
0.51

2011

Base
+

Mean;
St. Dev.
1.50 ± 0.029 d
1.61 ± 0.110 d

Base
ns

ns

1.04 ± 0.021 e

++

++

1.88 ± 0.120

c

++

1.09 ± 0.040

e

++

GD

++
0.39
0.53
0.72

GD

0.26
0.38
0.54

*Duncan’s Multiply Range Test, Ɋ<0.05
2,2
2,1
2,0

Intensity of Transpiration (E)

1,9
1,8
1,7
1,6
1,5
1,4
1,3
1,2
1,1
1,0

Control (non-fertilised)
Boneprot (50%)+Seasol
Lumbrical (50%)+Seasol
Boneprot (optimal)
Lumbrical (optimal)

Treatments

2009
2010
2011

Figure 2. Effect of the interaction of the main factors on (E)
(2009-2011)

A good value of stomatal conductance was also
detected in the variant treated with the
biofertiliser Seasol on the basic fertilization
Lumbrical (2009, 2010).
The higher values of stomatal conductance
correlate with the observed maximum values of
the intensity of transpiration (E). This can be

attributed to the influence on the nutrient
compounds in accessible form contained in the
liquid biofertiliser Seasol and the good
combination with the solid biofertiliser applied
as a background.
On the other hand, this probably creates
conditions for improving the physiological
status of the pepper seedlings. Upon
comparison of both combined applications of
biofertilisers, it was found that there was higher
PN on the basic fertilization Boneprot.
The present study confirmed the findings of
Karanatsidis and Berova (2009) that the rate of
the net photosynthesis and the intensity of
transpiration are significantly increased upon
the soil application of the organic nitrogen
fertiliser Emosan.
Zlatev and Popov (2013) showed that nutrition
with biofertilisers Emosan and Lumbrical
increases the parameters of the leaf gas
exchange.

Ɍable 5. Stomatal conductance gs- (mol m-2 s-1) in the end of seedling period
No.
1.
2.
3.
4.
5.

Treatments
Control
Boneprot
(optimum)
Boneprot
(50%) + Seasol
Lumbrical
(optimum)
Lumbrical
(50%) + Seasol

2009
Mean; St. Dev.
0.025 ± 0.007

2010
Mean; St. Dev.
0.033 ± 0.006

2011
Mean; St. Dev.
0.030 ± 0.010

0.035 ± 0.007

0.033 ± 0.006

0.040 ± 0.010

0.030 ± 0.007

0.040 ± 0.010

0.030 ± 0.005

0.050 ± 0.000

0.045 ± 0.005

0.030 ± 0.010

0.040 ± 0.007

0.040 ± 0.004

0.030 ± 0.010
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CONCLUSIONS
Combined application of biofertilisers of
various nature on a basic fertilization had a
positive effect on the net photosynthesis (PN) in
comparison with single application of solid
biofertilisers in optimum concentrations. This
lead to improving the physiological status on
the pepper seedlings. A better effect on the PN
was achieves upon the application of the
biofertilisers Seasol on the basic fertilization
Boneprot (2010, 2011).
The best effect on the intensity of transpiration
(E) and stomatal conductance (gs) of the pepper
seedlings was observed after application of the
biofertiliser Seasol on the basic fertilization
Lumbrical. The effect can be attributed to the
nature of the two biofertilisers that provide
necessary nutrients for the growth of the
seedlings.
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Abstract
Animal welfare is of multi-dimensional nature, and its assessment should be based on a variety of measures.
Traditionally, farm animal welfare assessment has focused on ‚inputs’ such as resources and management practices
provided to the animals. Especially during the last decade, however, the use of animal-based ‚outcome’ measures has
been advocated since they are considered to directly reflect the animals’ state and experience. Considerable efforts
have been made and are still being made to develop such mainly animal-based assessment schemes for different farm
animal species (e.g. Welfare Quality®, Bristol Welfare Assurance Programme, AWIN). Comprehensive, scientifically
sound (i.e. at least valid as judged by experts) assessment protocols are thus available. Potential applications include
farm assurance, legislative and/or voluntary certification, use as a farm management tool or research with the different
uses partially requiring different approaches. In the second part, this paper addresses selected concerns regarding
dairy cattle welfare and provides approaches to welfare improvement: 1) Production-related diseases such as lameness
are regarded the most important welfare problem in the dairy industry. Farm individual intervention strategies taking
the major factors such as housing and management etc. into account have been shown to effectively reduce lameness
prevalence. 2) Restrictions of movement and behaviour around resting. Access to pasture is typically considered
positive for cattle welfare but becomes less common. Cows in zero-grazing production systems have to cope with more
confined housing conditions in terms of space allowance, social stress, floor properties etc. Of crucial importance are
the effects of barn design and management on standing and lying behaviour such as stocking rate, provision of bedding
and dimensions and configuration. 3) Painful procedures such as disbudding of calves. Disbudding causes tissue
damage and subsequent experiences of pain, which may be assessed using physiological and behavioural indicators.
These effects should be alleviated as far as possible, preferably by a combination of sedation, local anaesthesia and
anti-inflammatory treatment.
Keywords: animal welfare, dairy cattle, disbudding, lameness, on-farm assessment.

behaviour, because they better reflect how
animals actually are able to cope with the given
set of husbandry conditions.

INTRODUCTION
Animal welfare refers to the state of an animal
and it relates to the animal’s feelings as well as
its bodily state (e.g. Broom, 1996; Duncan,
1996). For a long time, farm animal welfare
assessment has focused on the measurement of
resources provided to the animals such as
housing or design criteria (Bartussek, 2001).
The use of such so-called indirect parameters
of welfare is attractive, because in most cases
they may be easily, quickly and reliably
recorded. However, the provision of certain
environmental resources and management
procedures does not necessarily guarantee a
high standard of welfare. Valid welfare
assessment should therefore focus on direct
animal-based parameters such as health and

ANIMAL-BASED WELFARE
ASSESSMENT
Considerable efforts have been made and are
still being made to develop mainly animalbased assessment schemes for different farm
animal species. For example, one of the first
attempts is the Bristol Welfare Assurance
Programme (Main et al., 2007). The even more
comprehensive Welfare Welfare Quality®
assessment protocols for cattle, pigs and
poultry (Welfare Quality, 2009) were
developed to allow for welfare-specific product
information and may therefore also be used for
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farm certification. These protocols follow four
welfare principles and twelve criteria; for each
criterion one or several mainly animal-based
measures have been selected (see Table 1 for
the general structure of the Welfare Quality®

assessment protocol for dairy cows). Currently,
further animal-based assessment protocols are
being developed within the EU-project AWIN
(www.animal-welfare-indicators.net).

Table 1. Welfare principles, criteria and measures in the Welfare Quality® protocol for dairy cattle
(Welfare Quality®, 2009)
Welfare principle
Welfare criteria
Welfare measures
Absence of prolonged
Percentage of very lean animals (Body condition
hunger
score)
Good feeding
Absence of prolonged
Water provision, water flow, cleanliness and
thirst
functioning of water points
Time needed to lie down, animals colliding with
housing equipment during lying down movement,
Comfort around resting animals lying partly or completely outside lying
area, cleanliness of udder, lower hind leg and upper
Good housing
hind leg
Presence of tethering, access to outdoor loafing area
Ease of movement
or pasture
Lameness, alterations of the integument (hairless
Absence of injuries
spots or lesions/swellings)
Coughing, nasal discharge, ocular discharge,
hampered respiration, diarrhoea, vulvar discharge,
Absence of disease
milk somatic cell count, mortality, dystocia, downer
Good health
cows
Absence of pain induced
Procedures used for disbudding/dehorning, tail
by management
docking
procedures
Expression of social
Incidence of agonistic behaviours
behaviours
Expression of other
Access to pasture
behaviours
Appropriate behaviour
Good human-animal
Avoidance distance at the feed bunk
relationship
Positive emotional state Qualitative behaviour assessment

Comprehensive, scientifically sound (i.e. at
least valid as judged by experts) assessment
protocols are thus available. Potential
applications include farm assurance, legislative
and/or voluntary certification, use as a farm
management tool or research with the different
uses partially requiring different approaches.

of movement and behaviour such as resting and
social behaviour and 3) painful procedures such
as disbudding of calves. In the following
section, I will address selected issues and
discuss approaches to improve welfare in
respective regards.
LAMENESS

WELFARE
CATTLE

CONCERNS

IN

DAIRY
Lameness is the behavioural manifestation of
painful conditions in the cow’s locomotory
system (Whay et al., 1997; Rushen et al.,
2007). In most cases, the source of pain is
lesions of the claw, but also alterations of the
joints may result in lameness. Mainly due to
the pain involved in gait aberrations, lameness
is often recognized as the top priority welfare
problem in dairy cattle (Whay et al., 2003a).
But even if in some animals pain may not play
a role, impacts on welfare can be expected

Dairy farming in Europe is characterized by a
wide range in herd sizes and production
systems from low input pasture-based milk
production to high input/high output dairy
systems. The major concerns regarding dairy
cattle welfare are to a certain extent
independent from the production system: 1)
production-related diseases such as lameness,
mastitis or metabolic disorders, 2) restrictions
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farmers’ motivation to induce changes (Leach
et al., 2010) may therefore be used to reduce
lameness in dairy farming.
In the light of the body of knowledge on risk
factors, there are surprisingly few lameness
intervention studies. However, it has been
shown that reduction of lameness using farm
individual intervention measures related to
management and housing conditions can be
achieved in commercial farms (Brinkmann and
March, 2012). In the latter study, 40 cubicle
housed herds were locomotion scored; housing
and management was also assessed. In 21
farms,
intervention
measures
(e.g.
improvement of bedding, claw trimming) were
suggested and discussed with the farmer; 19
farms served as control group. The most
frequent measures implemented in the
intervention farms refer to regular claw
trimming (10 farms), improvement of cubicles
(bedding, maintenance, design; 11 farms),
cleaning of floors in the alleys (12 farms) and
grip of floors in the alleys (7 farms). In order to
evaluate the effectiveness of these intervention
measures all herds were re-visited multiple
times in the following four years.

from impaired mobility, which restricts the
access to resources or reduces the ability to
cope with agonistic encounters. Reported
average lameness prevalences, i.e. cows being
assessed as lame at a time, vary between
studies and locomotion scoring systems used
but usually range between 20 and 40% (e.g.
Whay et al., 2003b; Dippel et al., 2009; RouhaMülleder et al., 2009; Brinkmann and March,
2012). Lame cows do not only feel pain, but
produce less (Amory et al., 2008), are less
fertile and are more likely to be culled (Collick
et al., 1989; Alawneh et al., 2011) and therefore
cause considerable financial losses (Bennett et
al., 1999). Despite its importance, farmers often
under-perceive lameness prevalence (Whay et
al., 2002; Sarova et al., 2011).
Tackling lameness means tackling a
multifactorial problem. Claw lesions and
lameness are influenced by a variety of factors
including housing (e.g. design and maintenance
of cubicles, floor properties), management (e.g.
removing of slurry, claw trimming) and
intrinsic cow factors (e.g. conformation of legs,
claw horn quality) (for review see for example
Vermunt, 2004; Figure 1). The existing
knowledge on both risk factors and the

Figure 1. Major factors affecting lameness in dairy cattle

The baseline lameness prevalence was 33 ±
13% (mean ± SD) in intervention and 19 ± 12%
in control farms. Lameness prevalence was
significantly and consistently reduced on the
intervention farms by more than 50%. Already
after one year, there was no significant
difference in lameness prevalence anymore and

final prevalence was 15 ± 11% and 15 ± 10%,
respectively, after four years. The prevalence of
limb injuries was also reduced when specific
measures to improve the cubicle surface were
introduced. The results are therefore promising
pointing at effective improvement strategies.
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lying time, increased the time spent standing in
the alleys, and increased the number of
displacements from the cubicles (Fregonesi et
al., 2007). Similar effects on lying and standing
in the alleys have been reported when stocking
density was increased in both cubicles and
feeding places (Krawczel et al., 2008; Hill et
al., 2009). Cows prefer lying surfaces with
ample bedding (Tucker et al., 2003) and spend
more time lying down in well-bedded cubicles
with dry, well-maintained bedding. Also
dimensions and configuration influence lying
times and standing inside the cubicle. For
example, cows spend more time standing fully
in the cubicle and less time with the front feet
on the cubicle surface only when provided
stalls that are wider and with the neck rail
position higher above the stall surface and
further from the rear curb. Appropriate neck
rail position, which allows the animals to fully
stand in the cubicles also has been shown to
improve lameness (Bernardi et al., 2009).
On the other hand design and management of
the cubicle and the lying surface can affect cow
hygiene. Cows are more likely to defecate onto
the surface of larger cubicles, especially those
that allow cows to stand fully in the cubicle
(Tucker et al., 2005; Bernardi et al., 2009).

COMFORT AROUND RESTING
Access to pasture is typically considered
positive for cattle welfare. In general, pasture
provides cattle with abundant space, fewer
agonistic interactions, and cows on pasture
have the freedom to perform natural behaviours
such as grazing or exploration. Keeping cows
on pasture is also thought to increase the
frequency of affiliative behaviours and selfgrooming and access to pasture can improve
health aspects. For example Hernandez-Mendo
et al., (2008) showed that lame cows provided
pasture significantly improved in gait after
several weeks.
When provided a choice between pasture and
indoor housing, cows showed both a partial
preference to be indoors (Charlton et al.,
2011a) as well as outdoors (Legrand et al.,
2009; Charlton et al., 2011b). Preferences
appear to be associated with nutritional
demands, environmental factors such as
ambient temperature, time of day and
presumably
also
previous
experience.
However, even a partial preference to be
indoors does not mean that pasture is not
important for the welfare of dairy cows
(Charlton et al., 2011a).
Despite the obvious benefits of access to
pasture, zero-grazing production systems
become increasingly common, mainly for
reasons of balanced feed rations. Cows in such
systems therefore have to cope with more
confined housing conditions in terms of space
allowance, social stress, floor properties etc. Of
crucial importance is the lying/resting area. In
dairy cows resting mainly occurs during lying.
Lying is a high priority behaviour as shown by
operant conditioning experiments (Munksgaard
et al., 2005). Cows may spend up to 14 h per
day lying with about half of the resting period
ruminating. Disturbances of resting may result
in insufficient recuperation, frustration
(Munksgaard and Simonsen, 1996) and
increased risks for health problems such as
lameness or lesions (Bowell et al., 2003;
Norring et al., 2008).
The effects of barn design and management on
standing and lying behaviour have been
considerably investigated in recent years.
Overstocking at the cubicles (i.e., insufficient
lying places for the number of cows) reduced

DISBUDDING OF CALVES
A recent survey revealed that more than 80% of
the
EU
dairy
cattle
population
is
disbudded/dehorned with a somewhat lower
prevalence in some Eastern European countries
(ALCASDE, 2009). Disbudding describes the
removal of the horn bud of calves at an age of
up to three months. It is usually carried out
using a hot iron, caustic paste or by surgical
removal. Thermocautery through hot iron is
most frequently applied. Dehorning describes
the removal of the horns, which is carried out
in older animals. Dehorning is much more
painful than disbudding and should therefore be
avoided as far as possible.
The main reason for keeping hornless animals
is easing the management of cattle. Hornless
cattle are considered less dangerous with regard
to stockperson safety since normal head
movements or purposefully conducted attacks
cause less harm. Another reason for
disbudding/dehorning, especially when the
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- taking the existing knowledge on both risk
factors and the farmers’ motivation to
induce changes into account;
- providing housing and management
conditions that have been designed from the
cow’s point of view;
- implementing effective pain control
measures in farming routines.

animals are kept in loose housing systems, is to
reduce bruises and injuries resulting from horn
thrusts exerted on other animals (Menke et al.,
1999).
Disbudding causes tissue damage and
subsequent experiences of pain, which may be
assessed using physiological and behavioural
indicators. Both thermocautery and caustic
paste disbudding cause a significant rise in
plasma cortisol, which reaches baseline levels
after about three to four hours (Faulkner and
Weary, 2000). Violent struggling of calves is
usually seen during hot iron disbudding, while
application of caustic paste does not lead to an
acute behavioural response. However, pain
related postoperative behaviours (such as
restlessness, head shaking, ear flicking, head
rubbing) are not different between hot iron and
caustic paste disbudded calves and these
responses have been described to last for at
least six hours after disbudding to about 24
hours (for review see EFSA, 2012).
These effects should be alleviated as far as
possible, preferably by a combination of
sedation, local anaesthesia and antiinflammatory treatment. Injection of local
anaesthetics reduces the acute cortisol distress
response and pain-related behaviours, but
effective pain control is only reached when
additionally a NSAID is used. Sedation allows
an easier administration of the local
anaesthetic. However, it should be noted that
sedation alone using for example xylazine does
not provide sufficient analgesia and may
simply mask the signs of pain as opposed to
provide pain relief (Stilwell et al., 2010).
As alternatives to disbudding/dehorning, the
introduction of the polled gene and/or the
keeping of horned cattle in loose housing
systems may be taken into account. The latter
requires special attention with regard to
appropriate housing facilities and management
strategies as well as improvement of the
human-animal relationship.
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Abstract
Lactic acid bacteria (LAB) constitute a heterogeneous group of industrially important bacteria that are used to produce
fermented foods and beverages, using various substrates, such as milk, vegetables, cereals, meat, cocoa beans etc.The
most important advantage of LAB, making them suitable for the use in food biotechnology, is that they are generally
recognized as safe (GRAS). LAB have been shown to contribute to the improvement of the shelf life of fermented foods,
due to the production of a wide variety of compounds, acting in a synergistic way to prevent or eliminate microbial
contamination. In fermented foods, LAB also contribute to the nutritional and organoleptic characteristics of the final
products and they are traditionally used as starter cultures for the industrial production of many types of foods and
beverages. The so-called “functional foods” concept was recently proposed and has shown a remarkable growth over
the last few years. Such foods should promote well-being and health, while at the same time should reduce the risk of
some major chronic and degenerative diseases, such as cancer, cardiovascular diseases, obesity and gastrointestinal
tract disorders. Therefore, an increasing demand exists for new functional starter strains that show desirable effects on
the product characteristics. They should possess at least one inherent functional property, contributing to food safety
and/or offering one or more organoleptic, technological, nutritional, or health advantages. Traditionally fermented
foods are the best places to look for such microorganisms with potential applications in food industry and health. In
Romania, fermented foods are still produced, at a large extent, in a traditional way, depending on local and regional
traditions and on the indigenous microbiota present or selected by the environment or technology used (no starter
cultures are added). Some of these products, mainly fermented vegetables and cereals are known for their positive effect
on human organisms, especially due to the high vitamin and mineral content. The present paper will present our most
important findings on the diversity of LAB in traditional Romanian fermented foods, but also on the isolation and
characterization of some metabolites produced by these bacteria, with potential applications in food biotechnology.
Keywords: lactic acid bacteria, bacteriocins, exopolysaccharides, functional foods.

of the raw materials. The most important
advantage of LAB, making them suitable for
the use in food biotechnology, is that they are
generally recognized as safe (GRAS); they are
harmless for humans, on the contrary, having
many beneficial health effects.
LAB have been shown to contribute to the
improvement of the shelf life of fermented
foods, due to the production of a wide variety

INTRODUCTION
The group of lactic acid bacteria (LAB) gained
lately a lot of interest, based on their use since
ancient time in the fermentation of many
substrates, such as milk, meat, fish, vegetables,
cereals, cocoa beans etc. (Doyle and Beuchat,
2007; Wood and Holzapfel, 1995; Wood,
1997), as the first natural preservation method
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desirable effects on the product characteristics.
They should possess at least one inherent
functional property, contributing to food safety
and/or offering one or more organoleptic,
technological, nutritional, or health advantages
(Leroy&De Vuyst, 2004).
Traditionally fermented foods are the best
places to look for such microorganisms with
potential applications in food industry and
health. In Romania, such foods are still
consumed at a large extent and some of them,
mainly fermented vegetables and borЮ
(fermented wheat bran) are known for their
positive effect on human organisms, especially
due to the high vitamin and mineral content.
This short review will present our most
important findings on the diversity of LAB in
traditional Romanian fermented foods,
including dairy products and fermented
vegetables, but also on the isolation and
characterization of some metabolites produced
by these bacteria, with potential applications in
food biotechnology.

of compounds (organic acids, ethanol,
hydrogen peroxide, bacteriocins, antibiotic-like
peptides etc.), acting in a synergistic way to
prevent or eliminate microbial contamination
(De Vuyst & Vandamme, 1994). Based on this
antimicrobial effect, LAB have been proposed
to be used as bioprotective agents against
foodborne pathogens (Leverentz et al., 2006;
Trias et al., 2008).
In fermented foods, LAB also contribute to the
nutritional and organoleptic characteristics of
the final products and they are traditionally
used as starter cultures for the industrial
production of many types of foods and
beverages. These properties and the metabolites
involved were extensively studied during the
last decades. For instance, vitamins, lowcalorie sugars, and bioactive peptides produced
by LAB are typical examples of nutraceuticals food components with a claimed medical or
health benefit (El Sohaimy, 2012). Moreover,
certain LAB strains, the so-called probiotics,
display beneficial health properties, including,
amongst many other, equilibration of the
intestinal microbiota, antimicrobial activity,
improving the digestibility of ingested food,
anti-tumor properties and ability to neutralize
toxic compounds, immunomodulating and
cholesterol-lowering effects (Wood, 1999). On
the other hand, many LAB strains have the
ability to produce exopolysaccharides (EPS),
with an important role in the rheology and
texture properties of fermented food products,
and thus of interest for food applications as in
situ produced, natural bio-thickeners (De
Vuyst&Vaningelgem, 2003; Mozzi et al.,
2010). Some EPS and oligosaccharides
produced by LAB might also have prebiotic
activity (Ruijssenaars, 2000; Salazar, 2008),
contributing to the promotion of human
gastrointestinal health.
The so-called “functional foods” concept was
recently proposed and has shown a remarkable
growth over the last few years (Annunziata
&Vecchio, 2011). Such foods should promote
well-being and health, while at the same time
should reduce the risk of some major chronic
and degenerative diseases, such as cancer,
cardiovascular
diseases,
obesity
and
gastrointestinal tract disorders (Mozzi et al.,
2010). Therefore, an increasing demand exists
for new functional starter strains that show

BIODIVERSITY OF LAB IN ROMANIAN
FERMENTED FOODS
In Romania, many fermented foods (dairy,
vegetables, even cereals – borЮ) are still
producedin a traditional way, depending on
local and regional traditions and on the
indigenous microbiota present or selected by
the environment or technology used (no starter
cultures are added). During several years, in the
framework of several projects, the LAB
diversity of such traditional fermented foods,
collected from farmhouses, local markets, and
monasteries, was investigated. The bacterial
isolates were identified to species level using
both clasical methods (Gram-staining, cell
morphology, catalaseproduction etc.) and
modern techniques (SDS-PAGE of total cell
proteins, (GTG)5-PCR fingerprinting, 16S
rRNA sequencing etc.).
The biodiversity of Romanian raw milk and
traditional fermented dairy products proved to
be characterized by lactococci, with
Lactococcus lactis as the most frequent species,
leuconostocs, and enterococci (Zamfir et al.,
2006) (Figure 1). Among the latter, the new
species E. saccharominimus was found
(Vancanneyt et al., 2004). Lactobacilli are
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millks, accord
ding to tthe classiffication off
Robinson & Tamime
T
(19990), with a dominating
g
miccrobiota consisting
of lactoccocci and
c
d
leu
uconostocs. This type of fermenteed milks iss
typ
pical for Scandinavia
S
an and Central
C
and
d
Easstern Eurropean coountries (Oberman&
(
&
Lib
budzisz, 199
98).
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Figure 1.. Incidence off LAB taxa in raw milk and fermented daairy products investigated. N
Numbers repreesents: 1 Lactococccus lactis subssp. lactis; 2 -L
Lactococcus laactis subsp. crremoris; 3 - La
actococcus gaarviae; 4 - Entterococcus
durans; 5 - Enterococcus faecium; 6 - Enterococcuus faecalis; 7 - Enterococcu
us saccharom
minimus; 8 - Leeuconostoc
mesenteeroides; 9 - Leeuconostoc pseudomesenterroides; 10 - Leeuconostoc lactis; 11 - Leucconostoc citreeum; 12 Lactobacillus plantarum; 13 - Lactobaccillus paracaseei subsp. para
acasei; 14 - La
actobacillus ccurvatus; 15 - Lactobacilluss
animalis; 16 - Lactobacillus helveticcus; 17 - Lactoobacillus kefirr; 18 - Lactoba
acillus fermenntum; 19 - Lacctobacillus
delbrueckii ssubsp. bulgarricus; 20 - Lacctobacillus breevis; 21 - Strep
ptococcus theermophilus; 222 - Streptococcus bovis; 23
- Weissella
W
virideescens; 24 - un
nidentified strrains

Concerningg the fermeented vegettables, cultuuredependent and culturee-independeent analysess of
end-samplees
of
various
spontaneeous
fermentatioon scarried
d out in farmhouses
f
s in
central R
Romania revealed Lactobaciillus
plantarum and Lactob
bacillus breevis as the m
most
frequently isolated LAB
L
speciies (Table 1).
Leuconostooc mesenteeroides and
d Leuconosstoc
citreum w
were also found in high numbbers
(Wouters et al., 2013).
2
In parallel, two
fermentatioons (cauliflower solely
y and a mixtture
of caulifloower, carro
ots and grreen tomatooes)

were followeed asa fuunction off time to
o
dettermine
their
com
mmunity
dynamicss
and
dmetabolite kinetics. These ferrmentationss
were characteerised by the omnip
presence off
Lacctobacillus plantarum . Based on
n the LAB
B
div
versity, the two ferm
mentations seemed to
o
folllow a three steps patterrn: a first phase with a
wid
de LAB species diversity (including
g
Weeissella kimchi, Leeuconostoc citreum,
Lacctobacillus
breviis,
La
actobacilluss
sakkei/curvatuss) followed by a phasee with moree
adaaptedspeciess, in turn followed by
b a phasee
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fermentation. Since Lactobacillus brevis and
Lactobacillus plantarum are the most prevalent
in vegetable fermentations, at least in the end of
the process, strains belonging to these species
might be further used as starter culture for
controlled fermentations (Wouters et al., 2013).

with the most prevailing ones (Lactobacillus
brevis
and
Lactobacillus
plantarum).
Metabolite target analysis revealed that glucose
andfructose were mostly depleted at the end of
fermentation.
The
main
products
of
carbohydrate
metabolism
were
lactic
acid,acetic acid, ethanol and small amounts
ofmannitol,
indicating
heterolactate
Fermentation
Cabbage
Cabbage
Cabbage and beet
Cucumbers
Cucumbers
Cucumbers
Cucumbers and
cauliflower
Cucumbers and
plums
Green tomatoes
Green tomatoes and
carrots
Green tomatoes and
cucumbers
Green tomatoes,
cauliflower, and
carrots
Green tomatoes,
celery and carrots
Green tomatoes
apples, pears,
cucumbers, and beet
Pepper filled with
chopped cabbage and
carrots

Table 1. LAB species identified in traditional fermented vegetables
Time of
pH (brine)
LAB species
sampling
Lb. plantarum, Lb. brevis, unidentified
3.59
1 month
Lb. plantarum, Lb. brevis
3.37
2 months
Lb. plantarum, Lb. brevis
3.67
1 month
Lb. plantarum, Lb. brevis
3.56
1 month
Lb. plantarum/pentosus
3.42
2 months
3.50
3 months
Lb. plantarum, Lb. brevis, unidentified
3.57
1.5 months
2 months

3.68

Lb. plantarum, Lb. brevis, unidentified

1 month
1 month

3.93
3.77

Lb. plantarum, Lb. brevis, Leuc. citreum
Lb. plantarum, Leuc. citreum

2 months

3.71

Lb. plantarum, Lb. brevis, Lb. plantarum/pentosus

2 months

3.56

Lb. plantarum, Lb. brevis, Lb. plantarum/pentosus

2 months

3.82

Lb. plantarum, Lb. brevis, Lb. plantarum/pentosus

0.5 months

4.18

Lb. plantarum, Leuc. mesenteroides, unidentified

2 months

3.44

Lb. plantarum, Lb. brevis, unidentified

Furthermore, many bacteriocins are heat stable,
making them applicable in combination with
heat treatment. Finally, they are food stable,
biodegradable, digestible, safe to health and
active
at
low
concentrations
(De
Vuyst&Vandamme, 1994). Because of all
theseadvantages, bacteriocins produced by
lactic acid bacteria might find applications in
food industry, as additives used to prolong the
shelf life of many foods.
Several bacteriocin-producing LAB strains
have been selected during our studies.
Acidophilin 801, produced by Lactobacillus
acidophilus IBB801 (Figure 2), isolated from
dairy products, has been extensively
characterized. The inhibitory activity of L.

BACTERIOCINS FROM LAB
LAB are able to synthetise several compounds
with antibacterial activity. Amongst them,
bacteriocins received a lot of interest and are
well characterized. They are ribosomally
synthetized antimicrobial peptides or proteins
that inhibit growth of other bacteria, usually
closely related to the producing organism (De
Vuyst&Leroy, 2007). The antibacterial
spectrum includes, however, several spoilage
microoorganisms and food-borne pathogens
such as Bacillus cereus, Clostridium botulinum,
Clostridium perfringens, Listeria monocytogenes, and Staphylococcus aureus (De Vuyst and
Leroy, 2007; Sip et al., 2012; Zendo, 2013).
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towards sensitive strains, without causing
concomitant cell lysis of the indicator cells.

acidophilus IBB 801 is restricted to closely
related lactobacilli, but under certain
conditions, it also inhibits the growth of E. coli
Row, S. panama 1467, and Klebsiella
pneumoniae K33 (Zamfir et al., 1999). While
catalase does not affect the activity, incubation
of bacteriocin samples with trypsin, pronase, or
proteinase K at 37°C for 1 h completely
destroyes the antibacterial activity. Moreover,
acidophilin 801 is strongly heat resistant, a
small inhibitory activity being observed even
after incubation for 30 min at 121°C, and
rezistant to pH variations. The bacteriocin was
purified by reversed-phase highperformance
liquidchromatography and the molecular mass
was estimated to about 6500 Daby
sodiumdodecylsulfate-polyacrylamide
gel
electrophoresis (Zamfir et al., 1999).
Whereas most antibiotics (usually classified as
secondary metabolites) are synthesised during
the stationary growth phase, almost all
bacteriocins produced by lactic acid bacteria
display primary metabolite kinetics (Lejeune et
al., 1998), including acidophilin 801 produced
by L. acidophilus IBB 801 (Zamfir et al.,
2000). The bacteriocin is produced during the
exponential growth phase with a maximum in
the middle or near the end of this phase.
Moreover, when different growth conditions
were compared as to their capacity to support
bacteriocin production by L. acidophilus IBB
801, it turned out that growth and bacteriocin
production were enhanced when the medium
was supplemented with 1% (m/v) of yeast
extract, or in the presence of some amino acids
(glutamic acid or leucine). Growth and
bacteriocin production were also enhanced
when fermentations at constant pH (6.0) were
carried out. Maintaining the pH at a value
optimal for growth increases the specific
growth rate, prolongs the exponential growth
phase provided enough of the energy source is
present, and results in higher biomass amounts
and, because of its growth-associated
production kinetics, higher bacteriocin titres.
On the other hand, mild stress conditions (low
concentration of NaCl) orgrowth at 10°C,
resulted in an increase of the specific
bacteriocin production (Zamfir & Grosu-Tudor,
2009).
Concerning the mode of action, acidophilin has
a bactericidal, concentration-dependent effect

Figure 2. Antibacterial activity of Lactobacillus
acidophilus IBB801 supernatants against Lactobacillus
delbrueckii subsp. bulgaricus (serial dilutions from 1 to
1/256)

The most important step in its mode of action
seems to be the pore formation that causes the
release
of
intracellular
molecules.
Consequently, the glycolytic rate is reduced
and hence many vital processes might be
blocked. All these effects cause growth
inhibition and result in the ultimate death of
sensitive cells (Zamfir et al., 2007).
EPS PRODUCTION BY LAB
In fermented foods, LABare not only important
because they acidify and hence preserve food
products from spoilage, but also because of
their contribution to the organoleptic properties
of the fermented foods. The contribution of
LAB to the texture development of yogurts and
other fermented milks, low-fat cheeses, and
dairy desserts is well known. This is partly due
to the production of exopolysaccharides (EPS),
which
are
long-chain
polysaccharides,
composed of one type (homopolysaccharidesHoPS) or more different monosaccharides
(heteropolysaccha-rides-HePS), released by the
bacteria in their surroundings (De Vuyst &
Vaningelgem, 2003). EPS increase the
viscosity and firmness, improve the texture,
reduce susceptibility to syneresis, and
contribute to the mouthfeel of low-fat products
(De Vuyst&Vaningelgem, 2003; Mozzi et al.,
2010). In situ production of EPS by LAB to
get a desired texture and mouthfeel of some
dairy products is being explored, in order to
replace polysaccharides from plants (starch,
pectin, guar gum, alginate) or animals
(gelatine), currently in use. This would lower
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vegetables, have been shown to produce both
HoPS and HePS, in various amount (Table 2).
In general, HePS are produced in much lower
amounts compared with HoPS, and also
compared with other bacterial polymer
producers, such as the aerobic Xanthomonas
campestris producing xanthan (Ruas-Madiedo
et al., 2009).

the production costs and would lead to a more
natural product.In this context, a rational
screening for novel EPS from particular LAB
strains that are characterized by a unique
structure or molecular mass is of utmost
importance regarding their applications.
Several LAB strains, isolated from traditional
Romanian dairy products and fermented

Table 2. EPS production by LAB isolated from fermented foods
Producing strain
Source of
EPS
Molecular
Monomer composition
isolation
yield
mass
(g/l)
(KDa)
0.05a
2.5Gal:1.0Rha
Yogurt
S. thermophilus ST111
> 2000
3.9Gal:1.2Glc:1.0GalN(Ac)
Yogurt
S. thermophilus ST110
> 2000
0.012a
1.7Gal:3.9Glc:1.0GalN(Ac)
Yogurt
S. thermophilus ST113
210
0.023a
3.7Gal:2.4Glc:1.0Rha
Yogurt
S. thermophilus ST114
> 2000
0.014a
3.0Gal:1.0Rha
Yogurt
S. thermophilus S509
> 2000
0.036a
1.6Gal:1.0Glc:1.0Rha
Yogurt
S. thermophilus SR1
18
0.028a
Glc
Raw milk
L. lactis 1.8
> 5000
4.62b
Glc
Raw milk
Leuc. citreum 1.10
> 5000
15.48b
Glc
> 5000
Raw milk
Leuc. citreum 1.11
13.75b
Glc
> 5000
Raw milk
Leuc. citreum 1.12
15.40b
Glc
> 5000
Fermented
Leuc. citreum 2.8
16.30b
milk
Glc
Raw milk
> 5000
Leuc. citreum 4.11
16.71b
Glc
Raw milk
> 5000
Leuc. pseudomesenteroides 20.6
2.24b
Glc
Raw milk
> 5000
Leuc. mesenteroides 21.2
13.89b
Glc
Sour cream
> 5000
Weissella confusa/cibaria 38.2
2.74b
f.v.
f.v.
Glc
> 2000
Leuc. citreum 177
19.43b
f.v.
Glc
> 2000
Leuc. citreum 52
21.13b
f.v.
Glc
> 2000
Unidentified strain 37
4.68b
f.v.
Glc
> 2000
Leuc. mesenteroides 2
2.64b
f.v.
Glc
> 2000
Leuc. mesenteroides 368
0.63b
Glc
f.v.
> 2000
Weisella viridescens 28
0.03b
Glc
> 2000
Lb. curvatus/sakei 29
0.02b
a

EPS yield in milk medium
EPS yield in filtered MRS medium with 50g/l sucrose
f.v. = fermented vegetables
Gal=galactose, Glc=glucose, Rha=rhamnose, GalN (Ac)=(N-acetyl)-galactoseamine
b

With only two exceptions, the EPS isolated
from the selected strains are large polymers,
with a molecular mass over 2000 or even 5000
KDa. Moreover, most of the EPS are HoPS,
composed of glucose solely, and only six are
HePS, composed of two or three different
monosaccharides (Table 2). For the HoPS
produced by LAB isolated from dairy products,
the linkage analysis revealed the dominance of
Į-1.6 linkage, amongst other different types of
Į-linkages (Grosu-Tudor et al., 2013a). The
structure of the repeating unit of the HePS
produced by S. thermophilus ST111 has been
also elucidated by NMR spectroscopy (De Vust
et al., 2003).

EPS production was, in general, strictly
correlated with growth, the optimal growth
conditions resulting in the highest EPS yields.
Higher yields were also obtained when the
producing strains were grown at controlled pH,
or in milk supplemented with lactalbumin
hydrolysate (Vaningelgem et al., 2004b; Zamfir
& Grosu-Tudor, 2014). Finally, six selected
EPS (both HoPS and HePS) were tested for
their potential prebiotic effect, in in vitro
studies simulating the passage through the
upper gastrointestinal tract. The results were
promising, since none of the tested EPS was
degraded by the low pH or treatment with
pepsin and pancreatin. On the other hand, in
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low scale fermentations, it was shown that
some of these EPS could be metabolized by
some beneficial bacteria, such as Bifidobacteria
(Grosu-Tudor et al., 2013b). Our work provides
evidence that natural environments (such as
traditional fermented foods) are rich in
biodiversity and can be important sources for

new strains and species within the LAB group.
Among these LAB one can find strains with
functional properties (such asbacteriocin or
EPS production, pro- or prebiotic effect) and
hence
with
potential
biotechnological
applications.

β-D-Galp-(1-6)-β−D-Galp
1
↓
4
2)-α-L-Rhap-(1→2)-α-D-Galp-(1→ 3)-α-D-Galp-(1→3)-α-D-Galp-(1→3)-α-L-Rhap-(1→
Figure 3. Structure of the repeating unit of the HePS produced by S. thermophilus ST111
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Abstract
Rain-induced fruit cracking in sweet cherries can cause heavy losses in yields and returns. Several advances in the use
of different cultural practices, which reduce the incidence of fruit cracking have been made. These practices range from
exclusion of water from the fruit surface during growth and maturation of the fruit, to reducing osmotic potential across
the fruit skins during rainfall events, to coating the fruit with elastic hydrophobic rain exclusion biofilms. Physical
exclusion of rainwater may also be achieved by covering the trees with protective plastic rain covers. Two systems have
been researched in Norway; retractable plastic rain covers and multi-bay polyethylene “high tunnels”. The supporting
framework of the former is built entirely of wood and overhead polyethylene curtains slide back and forth on three
wires per row to open or close depending on the prevailing weather. Retractable covers must be drawn over the trees
manually before rainfall events and is extremely labour intensive. The system is highly susceptible to heavy winds.
High tunnels, which are accessible to tractors, are constructed of steel bows, attached to metal posts and covered with
greenhouse–grade polyethylene. Tunnels may be fully ventilated on hot, humid days or completely closed for extending
the growing season. The plastic covering is completely removed during winter. Cherries may be covered from bloom
until harvest or only during the time when fruit are susceptible to cracking. A high density planting (1250 trees per ha)
of ‘Sweetheart’/‘Colt’ in Norway grown in high tunnels yielded 9 kg per tree on average in the 4th leaf and 19 kg per
tree on average in the 5th leaf. Fruit size measurements found that on average, more than half the fruit were larger than
32 mm in diameter by the 4th leaf. GA3 treatment at yellow straw colour delayed harvest by one week, and significantly
improved fruit size and fruit firmness.But soil moisture management is critical inside the tunnels as excess soil moisture
can induce significant percentages of fruit cracking even inside the tunnels. In the United States, Pacific Northwest,
Parka (powered by SureSeal®), a novel biofilm comprised of palm oil and cellulose, patented by Oregon State
University, resulted in 50% less fruit cracking on average, higher total soluble solids and increased retention force
between the pedicel and fruit than untreated control fruit.
Keywords: Luminance THB film, Visqueen clear UV, rain covers, Parka, SureSeal®, fruit quality, yield

however, been made. These practices include
exclusion of water from the fruit surface during
growth and maturation of the fruit using plastic
rain covers (Meland & Skjervheim, 1998;
Børve et al. 2003) and reducing osmotic
potential across the fruit skins during rainfall
events using calcium products (Lang et al.
1997). Some cherry scion cultivars crack more
easily than others (Ystaas & Frøynes, 1998;
Cline et al., 1995) but why susceptible cultivars
are more predisposed to cracking than resistant
ones has not been explained satisfactorily.
Indeed, investigations have found that genetic
differences in skin morphology (Belmans &

INTRODUCTION
Rain-induced fruit cracking in cherries remains
a problem at an international level and can
cause heavy losses in yields and returns
(Pennell & Webster, 1996; Vittrup Christensen,
1996; Lang & Flore, 1999; Sekse, 2005). Fruit
cracking is the result of morphological,
physiological, environmental and genetic
factors. Unfortunately, a lack of understanding
of several of the fundamental mechanisms
involved in these phenomena persists. Several
advances in the use of different cultural
practices, which reduce fruit cracking have
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uptake to the tree by its roots. Control of such
water uptake will improve the reduction or
avoidance of fruit cracking in sweet cherries.
Water relations in sweet cherry fruit play a
pivotal role in fruit cracking. Internal water
potential of the fruit is affected mainly by sap
import through the fruit pedicel but external
water uptake through the fruit surface has also
been implicated.
Cherry fruit cracking may also occur as a result
of free surface water or an imbalance in
internal water relations of the fruit. Cherry fruit
will crack when water remains in contact with
the fruit surface for a certain period of time.
However, fruit have been known to crack even
under cover, when the fruit surface is not wet.
The traditional opinion is that that water uptake
through the fruit surface during and after a
rainfall event increases turgor pressure, thus
inducing cracking. The water penetrates the
wetted fruit cuticle by osmosis due to the
difference in osmotic potential between the
rainwater and the fruit sap (Glenn & Poovaiah,
1989). Two hydrophobic products are available
commercially the first, Raingard® is a carnauba
wax based product developed by Washington
State University. Due to the rigid nature of
carnauba, the coating must be reapplied up to 5
times during stage III of fruit growth. The
second product, ParkaTM, powered by
SureSeal® is an elastic co-polymer of cellulose
and palm oil and was developed by two of the
authors at Oregon State University. Due to the
elasticity of the product, Parka only requires
two applications for optimal coverage.
In this report we document the use of physical
methods to prevent fruit cracking i.e.
retractable plastic rain covers and multi-bay
polyethylene high tunnels as well as the use of
Parka to prevent fruit cracking based on a waxbased biofilm, which seal off the cuticular
fractures, retain elasticity and allows for
normal shrink-swell processes during fruit
growth.

Keulemans, 1996), variable cuticle thickness,
differences in stomatal density (Beyer &
Knoche, 2002), cutin content (Schreiber et al.,
1996; Knoche et al., 2000) and exocarp polar
pathways are all implicated. However, all
cherry fruit cuticles consist of both cutin and
wax. Cutin is the largest constituent (90-99%)
but only plays a minor role in water exclusion.
The wax component (1-10%) however,
accounts for most hydrophobicity of the
cuticle. Hovland and Sekse (2004) found that
water loss from the fruit skin under low air
humidity was linear with time, whereas fruit at
high air humidity accumulated water for 4-6
hours and this explains why in some cases, fruit
cracking can take place following harvest. This
also has major implications for both harvest,
when prevailing conditions are cool and
overcast, resulting in high relative humidity
and postharvest hydrocooling. Cuticular
fractures increased the conductance for water
uptake (Beyer & Knoche, 2002). Knoche et al.
(2002) found an 8% increase of the total
conductance for water loss of the cuticle due to
fractures. The number of cuticular fractures on
the fruit surface influenced water loss
significantly. Indeed, more cuticular fractures
resulted in more water loss under low air
humidity (Hovland & Sekse, 2004). This means
that these fractures represent pathways for
water transport through the sweet cherry
surface.
Cherry fruit has a double sigmoid growth
pattern (Coombe, 1976), which may contribute
to fracture development during the last part of
fruit growth and maturation resulting in rapid
weight and volume increases, probably leading
to significant mechanical stress in the cuticle
(Considine & Brown, 1981). Irregular water
supply to cherry trees during this period (Sekse,
1995) increased the number of cuticular
fractures.
Consequently,
fruit
volume
expansion caused by water uptake through the
fruit pedicel probably occurs faster than the
fruit cuticle can correspondingly stretch.
Consequently fractures developed. Børve et al.
(2000) found that cuticular fractures acted as
infection sites for and promoted post harvest
fruit rot in sweet cherries; the more cuticular
fractures the more rot was observed. Cuticular
fractures in the sweet cherry fruit promotes
fruit cracking, and are influenced by water

MATERIALS AND METHODS
Physical exclusion of rainwater utilizes
protective plastic rain covers, which take many
different forms. Two systems that have been
researched in Norway include retractable
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operates. If birds are a problem, bird-netting
may be installed over the plastic on extra wires
connected to the top of the poles.

plastic rain covers and multibay polyethylene
high tunnels.
Bioforsk three-wires system
It consists of a main frame with wooden poles
supporting three overhead wires running the
length of each tree row. Within the rows, 5 m
long wooden poles (100-120 mm in diameter)
are spaced 12 m apart (Figure 1).

Multibay polyethylene tunnels
Here we wish to take appropriate green house
technology to field scale at a low cost for high
value crops like top and soft fruits for summer
and fall production. These tunnels are
comprised of galvanized metal arches spaced
2m apart, attached to galvanized metal posts,
which are driven 0.7 m into the soil. For
cherries a bay width of up to 8.5 m is most
appropriate. In May 2005, a tractor-accessible 4
bay Haygrove® tunnel with open kit strut, was
installed at the experimental farm at Bioforsk,
Ullensvang, Norway (Figure 2).

Figure 1. The Norwegian three-wires-system

In order to stabilise the poles, they are buried 11.2 m in the ground by machinery or hand. This
results in a maximum above ground height of 4
m. At the ends of the tree rows thicker poles of
140 mm diameter are recommended. Leaning
and securing the end poles outwards
strengthens the main frame. Poles are
connected to each other with transverse
woodwork (4’’x 4’’at the anchor poles and 2’’x
4’’ in the rows) 997). Overhead curtains slide
back and forth to open and close on three wires
down the row. The top wire is positioned about
4 m above the ground and not more than 0.5 m
higher than the side wires. The polyethylene
cover is therefore gabled around the centre
axis. Horizontal distance between the two side
wires is row width minus 0.1 m. A maximum
tree height of about 3.5 m in the beginning of
the season is appropriate.
Cross-laminated or woven polyethylene sheets
are used as curtains. Curtain length is similar to
the pole spacing in the row. When sheets with
eyelets are used, width should be the row
spacing minus 0.5 m. Recommended eyelets
distance along the sheet side is 1 m. Through
each eyelet an elastic rubber band is treaded
and equipped with a snap hook. These hooks
are connected to the side wires and slide back
and forth on these wires when the curtain

Figure 2. Multibay polyethylene tunnels for sweet
for prevention of fruit cracking cherry production in
Norway.

Each bay was 8.5 m width and 70 m long, with
legs 2.5 m in height. Bays were covered with
one layer of greenhouse–grade polyethylene.
The sides and doors were also covered with
polyethylene, but if left open allow for
ventilation. Closing allows for growing season
extension. Plastic coverings are completely
removed during winter and stored in the gutter
area between bays and protected using black
plastic. There is no permanent heating system,
nor electrical connection. Tunnels are however,
fed by an external trickle irrigation system that
may provide nutrients through fertigation. Each
tunnel was divided in half and each half was
covered with either Luminance THB film
(absorbing infrared light) or traditional
Visqueen clear UV polythene film. These overs
have different light spectral transmittance.
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In each tunnel, two rows of feathered 1-year
old ‘Sweetheart’/‘Colt’ cherry trees were
planted 2x4m apart, in four-tree plots with a
‘Lapins’ guard tree in between. All trees were
trained as free spindles. Tunnels were covered
before bloom (before the end of April) and
covers were only removed after harvest was
completed. Subplots consisted of 1) treating
with 20ppm gibberellin at yellow straw colour
and 2) of reflective ground covers. Records of
environmental modifications, evaluation of tree
growth, and yield performance were kept.

protect the cherry fruit from being exposed to
water on the fruit surface. However, it is
important have a regular water supply to the
roots as fruit can still crack due to rapid fruit
volume expansion caused by water uptake
through the fruit pedicel. Average temperature
from May to mid-September were 14.3˚C in
2008 season (data not shown). On only a few
days did maximum temperatures rise above
30˚C and it was necessary to ventilate the
tunnels. On average, there were small
differences between daily temperatures
between the two different tunnel coverings and
the outside temperature in the open land.
However, on sunny days, maximum
temperatures were 2˚C higher inside the
tunnels. In 2008, control trees were first harvest
on September 15. In 2009, control trees were
harvested on September 1. Trees treated with
GA3 trees were first harvested one week later in
both years.
In contrast to similar trees grown in the open,
all trees grown in the tunnels were extremely
precocious and average yield per tree was 9 kg
in the fourth leaf and double that in the fifth
leaf (Table 1).
Within the tunnels however, there were no
differences in yield between the different
tunnel coverings, nor different ground covers in
either year. Fruit size from trees grown under
tunnels was favorable in the fourth leaf, with
more than 60% of fruit being >32 mm in
diameter. When yields doubled the following
year, average fruit size was significant smaller.
Only about 20 % of the fruit were >32 mm in
diameter and the majority of the yield were in
the fruit size between 28-32 mm (data on
shown) suggesting over-cropping of the trees.
Fruit weight increases with fruit maturity
(Table 2) and neither GA3 treatments, tunnel
coverings nor different ground coverings had
any negative effect on this compared to
untreated control trees. In contrast however, all
fruit treated with GA3 were significantly firmer
at four successive selective pick harvest dates.

Organic biofilm
A
unique
formulation
of
complex
carbohydrates
and
phospholipids
was
formulated in the College of Pharmacy, Oregon
State University in late 2006. The formulation
was tested for elasticity by coating a semiflaccid balloon followed by repeated inflating
and deflating of the balloon. No cracking or
flaking of the Biofilm was observed. The base
formulation has however, been further
refinement as a result of several in vivo field
tests beginning in May 2007. An international
patent was applied for in April, 2009 and the
Organic Biofilm has tentatively been named
SureSeal®.
• In Vivo Field Testing
A 5X5 completely randomized block design
was laid out at Ullensvang Research Center in
2008. There were four different treatments and
an untreated control. Treatments included a)
two applications of 1% Biofilm (one at straw
color and another 10 days later); b) two
applications of Biofilm plus fungicide
fenhexamid; c) two applications of Biofilm
plus plastic ground covers; d) two applications
of Biofilm plus fenhexamid plus plastic ground
covers. Fruit were harvested according to
industry standards. On the day of harvest, the
number of cracked fruit per tree was recorded.
In addition, a sample of 50 fruit was harvested
from each of the trees and analyzed for fruit
firmness (g.mm-1), average fruit weight (g) and
TSS (% Brix).
RESULTS AND DISCUSION
Multibay polyethylene tunnels
Norway has a rather cool growing season
accompanied by heavy rainfall. These tunnels
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Table 1. The effects of the bioregulator GA3 and two tunnel covers (Luminance and clear plastic) on total yield of the
sweet cherry cultivar ‘Sweetheart’ in the fourth (2008) and fifth growing season (2009).
Kg per tree
2008

Tons per ha
2008

Kg per tree
2009

Tons per ha
2009

Gibberellin
Control
20 ppm

8.9
8.7

11.1
10.8

19.3
18.4

24.1
23.0

Significance

NS

NS

NS

NS

Film
Luminance
Clear film

8.7
8.9

10.9
11.1

19.1
18.5

23.8
23.2

Significance

NS

NS

NS

NS

Treatment

Table 2. The effects of the bioregulator GA3 and two tunnel covers (Luminance and clear plastic) on fruit weight and
fruit firmness at four different harvest windows of the sweet cherry cultivar ‘Sweetheart’ in 2008
Fruit firmness – four harvest windows 1)

Fruit weight, g – four harvest windows

Treatment

12.Aug.

15.Aug.

18.Aug.

21.Aug.

12.Aug.

15.Aug.

18.Aug.

21.Aug.

Control

12.4

13.0

12.4

13.0

74

70

69

74

20 ppm

14.0

14.7

14.7

14.6

81

79

77

73

**

*

***

**

***

***

***

IS

Luminance

13.6

14.1

13.9

14.3

79

74

73

69

Clear film

12.8

13.6

13.1

13.3

76

75

73

77

F-test

NS

NS

*

*

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Gibberellin

F-test
Film

Gibberellin
cover

x

1) Durofel. Highest readings are the firmest fruit

Surface colour development of fruits was
delayed by a week when GA3 treated compared
to untreated control trees (data not shown). In
general, average total soluble solid content was
high but no significant differences were found
between different treatments (17-18 % Brix).

Two applications of 1% Biofilm reduced the
average fruit cracking to 17% and further
inclusion
of
a
preharvest
fungicide
(fenhexamid) in combination with plastic
ground covers reduced fruit cracking even
more significantly to 9.8%.
Utilization of plastic ground covers is essential
under heavy rainfall conditions, as the use of
1% Biofilm and fungicide only (18.2%) did not
result in an improvement over the use of 1%
Biofilm alone.

Organic Biofilm.
In Vivo Field Testing
In 2008, fruit cracking in the untreated control
averaged 24.6% (Figure 3).
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Figure 3. Average percentage fruit cracking of ‘Sweetheart’cherries in Loftus, Norway sprayed twice with 1% Biofilm
in 2008 in combination with or without a preharvest fungicide (fenhexamid) and plastic ground covers, compared to
untreated control trees on the day of harvest.

Consequently, since exclusion of soil water in
combination with the Biofilm plus fungicide
reduced fruit cracking from 17% to 9.8%, we
conclude that almost half the fruit cracking in
Norway was the result of internal (soil-plant)
water relations. Under the Norwegian
conditions, fruit firmness was improved with
the use of 1% Biofilm however, this was not
significant. In contrast, total soluble solid
concentrations were significantly higher in all
treatments (ranging from 20.4% to 21.4% Brix)
that included 1% Biofilm compared to the
untreated control (18.6% Brix). Average fruit
weight was however, only affected by the use
of Biofilm in combination with ground covers
but in the absence of a fungicide (8.9g)
compared to the untreated control (10.6 g).
Average fruit weight of the control fruit was
however, not significantly different from those
fruit treated with 1% Biofilm and fungicide in
combination with plastic ground covers
(10.2g). It is possible that exclusion of rain
during the early part of the growing season may
have affected fruit size and a drip irrigation
system under the plastic covers is implicated.
In any event, careful monitoring of the soil
moisture content is imperative if fruit cracking

as a result of internal water relations is to be
avoided. This has major implications for
irrigation of cherries especially where they are
grown under dry conditions and further
research should look at clarifying this aspect.
Indeed evidence for this can be found where
cherry fruit still crack in the Pacific Northwest
even in the absence of rainfall during the three
weeks preceding harvest.
CONCLUSIONS
Clearly, cherry fruit cracking may be prevented
by excluding water from the surface of the
fruit. This may be achieved by erecting
physical barriers such as Haygrove® multi-bay
tunnels and utilizing organic biofilms such as
SureSeal. The choice of covering for the
tunnels influences fruit quality, yield and
maturity. Indeed, these tunnels allow for season
extension too when used in conjunction with
GA3 treatments. The latter also results in firmer
fruit. However, these tunnels have their
limitations as subsequent research has found
significant fruit cracking inside the tunnels
under conditions of extremely high rainfall and
internal soil water relations are implicated. In
the current study where fruit cracking was less
than 25% under natural conditions, SureSeal®,
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the hydrophobic elastic biofilm patented by
OSU, was found to reduce fruit cracking
significantly when used in conjunction with
fungicides and soil covers. SureSeal® also
increased fruit size, total soluble solids and the
force needed to remove the pedicels from the
fruit. Subsequent research (not presented here)
is finding however, that limitations also exist
for SureSeal®, when rainfall is excessive and
natural fruit cracking exceeds 50%. Again,
internal soil water relations are implicated and
this only serves to demonstrate the importance
of soil water management for the prevention of
cherry fruit cracking both in the open and under
protective covers. Gibberellic acid also has a
major effect on cherry fruit cracking in
combination with the soil moisture and
additional research is aimed at identifying these
effects.
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