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Abstract
The research has been conducted from January 30 to March 7, 2017. The purpose of this research is to know the
influence of addition of fermented milk, fermented soy milk, and the combination, as well as the influential composition
to creatinine and blood glucose levels on broiler. The method used is experimental, with a complete random design.
There are seven treatments, T1 = without treatment, T2 = milk granted, T3 = fermented milk granted, T4 = fermented
soy milk granted, T5 = fermented milk and fermented soy milk granted with ratio 1:1, T6 = fermented milk granted LA +
B 1.25%, T7 = fermented milk granted LA + B, 2% dose with four times repetition. Each unit has five farm animals, so
the total is 140 broiler chicken, 1-35 days old. Based on the statistic analysis calculation, the effect of granting
fermented milk, fermented soy milk, and the combination has a significant effect (P<0.05) to decrease creatinine levels
and does not have a significant effect (P>0.05) to decrease blood glucose levels in broiler. The conclusion is by
granting fermented milk combined with fermented soy milk with ratio 1:1 can decrease creatinine levels, but does not
decrease blood glucose levels in broiler.
Key words: broiler, creatinine, blood glucose, fermented milk, fermented soy milk.

INTRODUCTION

aims to see if probiotic can improve kidney
function through creatinine levels. Probiotic
function is to press pathogenic bacteria
population, to supply the enzyme to help
digesting food ingredients, to detox adverse
food components and take it out from the
digestive track, and to stimulate the intestinal
peristaltic activity. Some microbacterias in
probiotic can produce compounds that can
inhibit fat synthesis, mobilize or reduce it to
increase farm animals’ health.
Creatinine is mass muscle production that
comes from fosfoceratine. Generally, creatinine
is produced in the body in the fixed amount and
released into the blood. An increase in
creatinine levels can be used as an indicator of
kidney function disorder and the low ability of
glomerulus filtration. On the other hand, blood
glucose derived from the absorption of food
digestion and the release of glucose from
glycogen cell supplies. This research use
fermented milk, using probiotic bacteria such
as Lactobacillus bulgaricus, Lactobacillus, and
Bifidobacterium. The advantages of probiotic is

The research is focused on the role of probiotic,
including Lactic Acid Bacteria (LAB) in the
yoghurt for the enhancement of the
gastrointestinal function through the kidney
improvement, lactose intolerance (lactase
deficiency) reduction, and Lactobacillus
acidophilus and Bifidobacteria consumption
(Vesa et al., 2000).
LAB enables the inhibition of the pathogenic
infection through acetic acid, lactic acid, and
bacteriocins production (Bianchi-Slvadori,
1986), as well as stabilizing the intestinal
microflora after long-term antibiotic usage
(Brown et al., 2005). Suppression of the
harmful carcinogens is associated with colon
cancer (Tavan et al., 2002; Wollowski et al.,
1999) and increasing the immune response by
producing
secretory
immunoglobulin
(Perdigon, 1995, 2003).
This research aims to improve lipid profile and
the health of farm animals, one of them is by
increasing the probiotic. Beside that, it also
9

to press pathogenic bacteria population, to
supply the enzyme to help digesting food
ingredients, to detox adverse food components
and take it out from the digestive track, and to
stimulate the intestinal peristaltic activity
(Adriani, 2009). Creatinine is used to monitor
kidney function in blood. An increase in
creatinine levels can be caused by some
conditions, such as heart failure, dehydration,
pyelonefritis, and high urem levels in blood.
Creatinine levels in blood can decrease where
there is a reduction of the mass of muscle
tissue.
Creatinine serum is an important indicator of
renal health because it is an easily measured by
product of muscle metabolism that is excreted
unchanged by the kidneys. Creatinine itself is
produces through a biological system involving
creatine, phosphocreatine, and adenosine
triphosphate (ATP, the body’s immediate
energy supply).
Creatine is synthesized primarily in the liver
from the methylation of glycocyamine by Sadenosyl methionine. It is then transported
through blood to the other organs, muscle, and
brain, where, through phosphorylation, it
becomes
the
high-energy
compound
phosphocreatine. Creatine conversion to
phosphocreatine is catalyzed by creatine
kinase, a spontaneous formation of creatinine
occurs during the reaction. High creatinine
levels are rarely an independent problem. More
often, this issue is a symptom of something
more serious to decrease the levels permanently
and improve human and animal vein. Kidney
damage and chronic kidney disease are related
to type II Diabetes, and also linked to high
creatinine levels in human.
Glomerulus is an indication of increasing blood
glucose with metabolism changing on poultry.
Blood glucose is sugar in blood, which formed
from carbohydrate in food and stored as
glucose in liver and skeletal muscle. Blood
glucose will decrease if the rate absorption by
metabolism or stored higher than additional
rate. Glucose absorption by cells is stimulated
by insulin, which secreted by ß cell from
Langerhans Islands. Glucose is spreading from
plasma to cells because the concentration of
glucose in plasma is higher than in cells. The
consumption of fermented soy milk is
beneficial to the balance of the ecosystem in

the intestinal tract by increasing probiotic
population and decreasing pathogenic bacteria
population (Lengkey and Adriani, 2009). One
of the component of soy milk that has lots on
benefits is isoflavones, which is the intrumental
in the improvement in decreasing creatinine
and blood glucose. Other components cush as
saponins and soy protein also have antioxidant
effect. Fermented soy milk can decrease total
cholesterol and the accumulation liver
triglycerides on oxidative process. Generally,
soy milk has vitamin B2, B1, niacin pyridoxine,
and vitamin B, E, and K. Soy contains lots of
Ca, F, but has less Fe. Soy also contains lots of
nutrients, such as isoflavones, saponins,
phytosterols, pitat acid, and felonic acid
(Anderson and Wolf, 1995).
Blood glucose profile is arranged to always be
in stable condition in the body through
homeostatic process, which involved other
glucose resources such as glycogen, fat acid,
and amino acid (Lovita et al., 2010). According
to Piliang (1996), the constant blood glucose
profile is maintained at all times. Homeostatic
sugar in blood is reached through some
mechanisms that set the speed of glucose
conversion to glycogen or fat to be stored and
released, then converted to glucose that enter
blood circulatory system (Asril, 2002).
Probiotic is needed to decrease creatinine and
blood glucose levels. Based on the explanation,
it is important to do research about giving
probiotic that affected creatinine and blood
glucose levels on broiler chicken.
MATERIALS AND METHODS
Farm animals observed in this research are 140
strain Cobb broiler chicken, from starter to
finisher phase (1 – 35 days). The research use
experimental method with Complete Random
Design with seven treatments and four times
repetition, so 28 experimental units are
retrieved. Drinking water ad libitum is provided
during experimental period and feed is given
according to needs.
It were taken random blood sample from 56
broiler chicken, two from each cage, which
analyzed at Physiology and Biochemistry
Laboratory, Faculty of Animal Husbandry,
Padjadjaran University. The parameter
measured is creatinine and blood glucose
10

levels. The analysis of creatinine levels is
measured with kolorimetric method, and the
analysis of blood glucose levels is measured
with Folin-Wu method.
Data collected from the analysis is tested using
Anova and the significant result is tested using
Tukey test. Probiotic used consists of T0, T1,
T2, T3, and T4 is using mixture of three
bacteria; L. bulgaricus, L. acidophilus, and
Bifidobacteria. T5 and T6 is using mixture of
two bacteria: L. acidophilus (LA), and
Bifidobacteria (B).
T1 = The rations is given ad libitum without
fermented milk granting.
T2 = The rations is given ad libitum with milk
by force feeding with 1.25% from body weight.
T3 = The rations is given ad libitum with
fermented milk by force feeding with 1.25%
from body weight.
T4 = The rations is given ad libitum with
fermented soy milk by force feeding with
1.25% from body weight.
T5 = The rations is given ad libitum with
fermented milk and fermented soy milk with
ratio 1:1 by force feeding with 1.25% from
body weight.
T6 = The rations is given ad libitum with
fermented milk with LA + B by force feeding
with 1.25% from body weight.
T7 = The rations is given ad libitum with
fermented milk with LA + B by force feeding
with 2% from body weight.

A decrease in creatinine levels occurs because
of lactic acid bacteria contained in probiotic.
Because of the lactate production of glucose
correlates with glomerular filtration rate, lactate
production is also correlates with urine flow
rate and sodium resorption (Hohmann et al.,
1974).
Creatinine serum levels in probiotic addition
due to the combination of fermented milk and
fermented soy milk ca suppress free radical
compunds and fibrosis tissue formation by
using antioxidant compunds in the form of
vitamin E (α-Tocopherol). Vitamin E is able to
inhibit the formation of oxidative stress and
protect polyunsaturated fatty acids, such as
linoleic, linolenic, and arachidonic acids
(Pryor, 2001). Antioxidant in vitamin E can be
used as a therapy in the process of curing renal
fibrosis disease, by inhibiting the formation of
factors that stimulate the production of excess
ECM (Extracellular Matrix) components. Free
radicals trigger lipid peroxidation that will
damage the glomerulus and tubules, and cause
inflammation (Peter, 2007). Inflammation leads
to activation of fibroblast proliferation.
Fibroblasts produce excess ECM and are
deposited on the glomerulus and tubules, which
in turn, ECM deposition forms a fibrous tissue
in the kidneys (Eddy, 2000). Kidney fibrosis
results in decreased renal function. The
decreased kidney function causes the
glomerular filtration rate to fall, resulting in the
filtration of some substances, such as damaged
creatinine. This will lead to creatinine and nonprotein nitrogen substances retention in the
kidneys so that the level of creatinine in the
blood increases (Razzaque, 2004).
Blood glucose in the body serves as a source of
energy in order to stay in normal homeostasis
conditions. Glucose is the fuel for important
tissues such as the brain and red blood cells.
The source of blood glucose is feed after meal,
the liver oxidizes glucose, and stores its excess
as glycogen (Tan et al., 2010).
Microbes that live in the chicken intestine have
a big effect on regulating blood glucose levels.
That is why the addition of probiotics is also
beneficial to lower blood glucose levels (Table
2 and Figure 2).

RESULTS AND DISCUSSIONS
The result shows that treatments of fermented
milk, fermented soy milk, and the combination
of it has significant effect (P<0.05) to decrease
creatinine levels (Table 1 and Figure 1).
Creatinine levels are significantly different in
T4 and T5 compared to other treatments.
Normal creatinine levels in broiler blood is
ranged from 0.90 – 1.85 mg/dl (Girindra,
1989).
An increase in creatinine levels in blood and
the amount of creatinine in urine can be used to
estimate glomerular filtration rate (Kramer et
al., 2004). If the glomerulus filtration is
decreasing, the kidney function is also
decreasing and the glomerular function in the
filtration is reducing. This will cause an
increase of creatinine levels in blood.
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Table 1. Levels of broiler chicken creatinine (mg/dL) in various treatments
Repeat
1
2
3
4
Average

T1
2.23
1.86
1.67
1.49
1.81±0.32

T2
2.05
1.67
1.86
1.49
1.77±0.24

T3
1.67
1.58
1.67
1.86
1.70±0.12

Treatment
T4
1.49
1.67
1.49
1.86
1.63±0.18

T5
1.12
1.49
1.30
1.12
1.26±0.18

T6
1.86
1.49
1.67
1.86
1.72±0.18

T7
1.49
1.67
1.86
1.67
1.67±0.15

Figure 1. Average levels of broiler chicken creatinine in various treatments
Table 2. Levels of blood glucose (mg/dL) of broiler chicken in various treatments
Repeat
1
2
3
4
Average

T1
84.42
89.71
89.81
83.75
86.92±3.29

T2
85.48
79.52
93.75
89.13
86.97±6.01

T3
84.81
85.58
82.50
86.06
84.74±1.58

Treatment
T4
82.98
89.62
90.10
85.48
87.05±3.41

T5
86.63
87.60
84.04
80.00
84.57±3.40

T6
86.25
83.85
82.12
88.65
85.22±2.85

T7
85.00
82.69
84.42
87.79
84.98±2.12

Figure 2. Average levels of broiler chicken blood glucose in various treatments

Probiotics, alias good bacteria, are included in
functional food because of its benefits to
health. A healthy digestive organ is trusted by
experts as the foundation for excellent physical
health. As glucose levels increase, glucose
output stops, and at high levels occurs as
uptake (Martin et al., 1984).
These data show that according to Ejtahed et al.
(2012), the function of probiotics in lowering
glucose is not clear. This is associated with

decreased oxidative stress, which is shown to
be present in hyperglycemia (Ferreira et al.,
2010). Specific strains of lactic acid bacteria
have antioxidant properties (Amaretti et al.,
2013). Yadav et al. (2006) reported that
fermented milk containing Lactobacillus
acidophilus and L. casei delay the development
of glucose intolerance, hyperglycemia, and
hyperinsulinaemia through decreased oxidative
stress, thus, probiotics may modulate the
12

systemic immune response and low-level
inflammation, in particular by reducing
cytokines (de Moreno De Leblanc and
Perdigon, 2010). And suppress the NF-κB
pathway, which mediates microbial activation
of the immune system via receptors such as
tolls (Shi et al., 2006).
Consumption of probiotics can increase plasma
antioxidant levels and neutralize the effects of
oxygen-reactive species. Furthermore, the
stimulation of the immune system decreases the
inflammatory state and prevents oxidative
stress induced by cytokines (Martarelli et al.,
2011). Anti-oxidative and anti-inflammatory
properties of probiotics, benefits can be given
to the immune system, consequently
neutralizing the production of oxygen reactive
species (Martarelli et al., 2011). This is
consistent with previous studies of the effects
of probiotics on renal function by short-term
randomized trials and the results show a
decrease in blood urea nitrogen (BUN)
(Ranganathan et al., 2009).
Probiotics contain flavonoid compounds, which
are important antioxidants in neutralizing and
destroying free radicals that can cause cell
damage and also damage biomolecules in the
body that can eventually lead to degenerative
diseases (Silalahi, 2002).
When the amount of free radicals in the body is
excessive, creatinine levels also increase, it
takes antioxidant that come from outside the
body, such as flavonoids, vitamin A, vitamin C,
and vitamin E (Pratiwi et al., 2006,).
The mechanisms of antioxidants are: 1) interact
directly with oxidants, free radicals; 2) prevent
the formation of reactive oxygen species; 3)
fixed the damage that arises (Ong et al., 1995).
Provision of probiotics is the reason for the
blood creatinine profile does not increase in a
state of stress.
The results of Wyss and Kaddurrah (2000) and
Adriani et al. (2017) show adequate availability
of glucose in muscle cells inhibiting the
creatine kinase enzyme to catalyze creatine
phosphate to creatinine.
Associated with the results of these studies of
Wyss and Kaddurrah (2000), it can be
explained that probiotics contain glucosamine,
a source of glucose as a precursor of energy. So
the phosphate creatine decomposition becomes
less creatinine. With the provision of fermented

milk as a probiotic in broiler chicken, it will
improve kidney function so that kidney
function and filtration by glomerulus can
increase which is the creatinine levels will
decrease at the end.
High dose probiotics have been hypothesized to
metabolize the nitrogenous waste products.
Parameters of blood glucose result of variance
analysis shows that the provision of fermented
milk has no significant effect (P>0.05) to
decrease blood glucose level on broiler
chicken. Blood glucose is derived from several
sources, such as from food carbohydrates,
glycogenic
compounds
through
glycogenogenesis, as well as from liver
glycogen by glycogenesis. The guard system of
glucose profiles in the blood of livestock
through
the
process
of
glycolysis,
gluconeogenesis, etc. so that the blood glucose
concentration will be relatively constant
(Poedjiadi, 1994; Adriani et al., 2015).
Consumption of probiotics can simply improve
glycemic control. Modification of intestinal
microbiota by probiotic supplementation may
be a method for preventing and controlling
hyperglycemia in clinical practice (Yuting et
al., 2015).
CONCLUSIONS
The given of fermented milk and fermented soy
milk has a significant effect in decreasing
creatinine levels, but had no significant effect
in decreasing blood glucose in broiler chicken.
The given of fermented milk with mixture of
two bacteria – Lactobacillus acidophilus, and
Bifidobacteria can decrease creatinine in the
highest levels compared to other treatments.
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Abstract
The study was performed in 2012-2013 and 2013-2014 vegetation seasons in the Dicle University, Agricultural Faculty,
+
+
Research and Application Field and open greenhouse conditions. In this study, dry plant weight, K /Na rates, Ca, Fe,
and Zn contents in green parts of different 5 bread wheat cultivars of foreign origin, and the standard bread wheat
cultivar, which is cultivated commonly in Southeastern Anatolia Region, have been compared under salt stress in pots.
In addition, the agricultural characteristics like Number of Heading Days, Plant Height, Plant Grain Yield and
Thousand Grain Weight were measured both in field and pot experiments.
+
+
It has been determined in the study that average dry weight decreased at a rate of 43.5%, and the K /Na rate
decreased at a rate of 50.1% in all wheat cultivars that are cultivated in salinity conditions. The Calcium (Ca) content
of all cultivars increased at a significant level with the salt application. While the zinc (Zn) content of the Muzik cultivar
decreases in salt stress, the Zn contents of the other cultivars have increased.
Key words: bread wheat cultivars, salinity, salt stress, salt tolerance, agricultural characteristics, plant ion content.

INTRODUCTION

importance in covering the increasing need of
nutrition.
Generally various yield and quality criteria are
assessed in bread wheat and durum wheat in
plant breeding works. However, the
improvements in forming resistance against
salinity in plants have been limited so far.
Some of the important reasons for this are the
plant physiology being influenced by salinity in
many ways and the tolerability of plants to salt
being a quantitative characteristic defined by
multiple genes (Borsani et al., 2003).
Today, 20% of the agricultural lands on Earth
and 50% of the irrigated lands are influenced
by salinity (Zhu, 2001). In our country, on the
other hand, it is possible to observe salinity at
various levels in 4.49% of the agricultural areas
(Munsuz et al., 2001). 7.52% of the land in our
country (5.8 million ha) is influenced by
drainage problem at various levels. Salinity and
alkalinity are observed in many areas, mostly in
Central Anatolian Region and in alluvial
coastal plains due to the disrupted drainage
systems (Anonymous, 2006). When the salinity
levels of the soil in Turkey are examined
according to the regions it is observed that the
slightly salty soils (0.15-0.35%, 1.5-3.5 g/l) are

Turkey has the high potential of breeding
varieties and wheat production because of its
ecological structure and its being the gene
center of wheat. The wheat has an important
place as the basis of nutrition for people.
Performing the production of quality and
resistant wheat cultivars by using proper
cultivation techniques are extremely important
for producers and the industrialists (Aydemir et
al., 2003).
Yield and quality in wheat are influenced by
genocultivar, environment, and genocultivar X
environment interaction at a significant degree.
In order to obtain high yield in wheat, the
genocultivar must have high yield potential and
the environmental conditions must be suitable.
Adequate and balanced nutrition of the fastincreasing population with the production
obtained from the separating and decreasing
agricultural fields is becoming difficult day by
day. For this reason, determining the
genocultivars that have high yield, quality and
resistance properties and that adapted to the
ecological conditions well are of vital
16

distributed
mostly
in
Middle-South,
Mediterranean, Middle-North and SouthEastern agricultural regions. The salinity
problem in the Mediterranean and Southeastern
agricultural areas, which cover the Ceyhan
Plain and GAP Project, stem from the
secondary cause, i.e. the salinity due to
irrigation.
The negative influences of salinity are observed
mostly in arid and semi-arid areas where
mainly wheat and other cereal products which
cover the food requirement of the world.
Salinity causes important losses in crops every
year. It has been reported that biotic and abiotic
(hot, cold, drought and salinity) stress factors
cause nearly 25% loss in crops in annual base
(Gill et al., 2004). Salinity limiting the plant
production at a significant level may occur due
to natural factors (less precipitation, high-level
vaporization, and the existence of salty rocks)
and
incorrect
agricultural
applications
(incorrect irrigation methods, irrigation with
salty water, the accumulation of chemical
residues from industrial products, high-dose
mineral fertilization) (Kalaji and Pietkiewicz,
1993). Global warming, which is the source of
the biggest environmental problem encountered
by the globe, also cause that the seasonal
normal values or temperature and precipitation
become irregular and lead to inadequate
precipitation and high vaporization eventually
leading to salinity of the soil.
The simplest influence of the salt on plants is
leading to the decrease in the intake of the
nutrients in the soil by the plant and the plant
cannot make use of the water in the soil
(Crawley, 1997). The plants cannot make use
of the water due to the increasing osmotic
potential in salty soils or the plants can only
make use of small amounts of water because of
+
the toxic effects of Na and Cl which exist in
excessive amounts in the soil (Greenway, 1973;
Flowers and Yeo, 1981). The Na, which
accumulates in plants in salt stress, inhibits the
potassium intake, and the Cl especially inhibits
the NO3 intake and disrupts the ion balance of
the plants (Siegel et al., 1980; Kirkby and
Knight, 1987; Gunes et al., 1994; Inal et al.,
1995).
Parallel to the disruption in the ion balance in
plants that grow in salty conditions, there also
appears changes in mineral concentrations of

the plants that may be accepted as significant.
The Na and Cl ions are less in the tissues of the
plants that are not influenced or influenced
relatively less by the salt stress, and the proline
amount is more (Flowers et al., 1977). The
disruption in the photosynthesis, respiration
and similar activities due to the damage in the
cells breaking down the cellular functions by
excessive amount of salt is another result of the
damages of salt (Leopold and Willing, 1984).
+
+
The Na and K content of the plant are used as
the criteria of resistance to salt in wheat grown
in salinity conditions (Ahsan and Khalid,
1999). Potassium has important effects on
photosynthesis, enzymatic activity, turgor
potential, cell enlargement, aboveground and
underground organs growth, stoma mobility,
transpiration and protein synthesis (Tisdale et
al., 1993; Marschner, 1995). The increase of
potassium concentration of the plant rises the
resistance to salt (Hsiao and Lauchli, 1986). In
+
+
addition, it is known that the high K /Na rate
in the plant is in direct proportion with the
resistance to salt (Gorham, 1990; Ashraf et al.,
1997; Sherif et al., 1998).
The plants that are resistance to salt during the
developmental stages after germination are
extremely sensitive to soil salinity germination
period (Tekinel and Çevik, 1983). These
characteristics must be taken into consideration
in selecting suitable cultivars and species for
salty areas.
In this study, the agricultural characteristics and
some chemical and technologic properties of
five different bread wheat cultivars that is
cultivated commonly in the region and in dry
conditions have been examined, and the plant
ion contents of them have been investigated;
and the changes in some minerals like K, Na,
Ca, Fe and Zn in plants under salt stress have
been observed.
MATERIALS AND METHODS
All of the annual precipitation in Diyarbakır,
where the field experiments are performed,
falls between October and May. There is
almost no precipitation in summer months, and
the relative moisture decreases at a significant
level. The average annual precipitation as long
years has been 488.1 mm, relative moisture is
53%, and average temperature is 15.8°C.
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According to the climate data during vegetation
period (2012-2014 growing seasons), the relative moisture (63.6%) and total precipitation
values (537.8 mm) vary at a significant level
when compared with the long years average
values, and there have not been any differences
among years in terms of average temperature.
The field studies were performed in 2012-2013
and 2013-2014 vegetation seasons in the Dicle
University, Agricultural Faculty, Research and
Application Field. The soils where the study
was conducted had the inclination of the land
varies among different parts, but usually between 1-2%, clayish loamy soil, slightly alkaline (pH 7.77), slightly calcic (7.81% CaCO3),
total salt level was harmless (0.073%), rich in
potassium (0.42%), poor in organic matter
(1.67%). the experiment area soils contain 2.14
ppm Mn, 0.19 mg kg-1 B and 0.37 ppm Zn.
The improved standard bread wheat cultivar
(Adana-99) in the region and 5 bread wheat
cultivars of foreign origin (Renan, Tigre,
Skerzo, Flamenko and Muzik) were used as the
material in the studies. The field experiments
were planted in complete randomized blocks
design with 3 replications. The distance
between the rows was 20 cm, and 450 seeds
were sown per m2. Phosphorus was given to all
parcels with the 6 kg/da ratio when the seeds
were sown, and half of the 12 kg/da pure
nitrogen need was given when the seeds were
sown, and the remaining half was given during
stem elongation period.
In the study, which was conducted under open
greenhouse conditions, the wheat seeds were
sown to the pots which contained 1600 g soil
with 6 seeds in one pot.
Nitrogen was given in ammonium nitrate form
at 200 mg N/kg soil level, phosphorus was
given at 100 mg/kg soil level, and potassium
was given at 125 mg/kg level to all of the pots
as basic fertilizers. In order to create salt stress
in the soil, 68 mmol (4 g) NaCl/kg soil was
applied. After sodium chlorine application, the
soil pH was measured as 7.4; Electrical
Conductivity as 2.7 mS/cm.
After 10-week development period, two plants
in a pot were removed with their roots and Wet
Plant Weights were weighed. The plant
samples were washed with re-distilled water in
the laboratory and dried at 70oC for 48 hours to
determine their dry plant weights were grinded.

The dried and grinded plant samples were
subjected to wet burning in concentrated
HNO3/HClO4 (4:1) mixture, and the Ca, Fe,
and Zn were determined with Atomic
Absorption Spectrophotometer. The K+ and Na+
in green parts were measured with Flame
photometric Method (SOLAAR AA Series,
Thermo Electron Corporation) (Kacar, 1972),
and the determined values were rated.
The agricultural characteristics like “Number of
Heading Days, Plant Height (cm), Plant Grain
Yield (g) and Thousand Grain Weight (g)”
were measured both in the field experiments
and under open greenhouse conditions.
The data’s obtained in the study were subjected
to analysis of variance as used the TARIST
Statistical Program, and differences between
the averages were evaluated by Duncan Test
(Duncan, 1955).
RESULTS AND DISCUSSIONS
It was determined that the average dry weights
of the wheat cultivars grown in salinity
conditions decreased at a rate of 43.5%, and the
average K+/Na+rate decreased at a rate of
50.1%. Although Adana-99 and Tigre cultivars
produced the highest amount of dry matter both
in salinity and in non-salinity conditions, the
cultivars which showed the highest decrease in
terms of dry weight in salt stress was Flamenko
(51%) and Skerzo (53%) cultivars. The Tigre
and Adana-99 wheat cultivars showed the
highest K+/Na+rate in salt stress, and the
highest decrease was determined in Flamenko
(59%) in K+/Na+ rates in salinity conditions. In
Muzik and Tigre cultivars, no significant
decreases were determined in terms of
K+/Na+rate.
When the wheat cultivars were examined in
terms of calcium contents, it was observed that
the Ca contents in all cultivars increased at a
rate of 31% with the salt application. No
significant differences were determined in
terms of Ca contents between the cultivars
grown in salinity conditions. While an increase
at a rate of 70% was observed in Ca content of
Flamenko cultivar, the increase in Adana-99
cultivar was 10 % (Table 1).
The decrease in dry matter amount in Adana-99
(31%), which is the standard cultivar of the
region; and the Tigre cultivar (34%) was at low
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level when compared with the other cultivars in
terms of salt stress. It is possible to claim that
Adana-99, Tigre and Skerzo cultivars are more
advantageous in terms of potassium and
sodium rate and ion balance. It was determined
that Adana-99 and Tigre cultivars had advantages when compared with the other cultivars in
terms of calcium content.
Significant differences were observed between
the wheat cultivars in terms of iron (Fe) and
zinc (Zn) contents of plants. The average iron
(Fe) content at a rate of 0.63%, and the average
zinc (Zn) content at a rate of 3.0% increased in
salinity conditions. The Fe contents of Skerzo
and Adana-99 cultivars decreased at a
significant level in salt stress; however, the Fe
content of Muzik cultivar did not change much
in salinity and non-salinity conditions, and the
Fe contents of Renan, Tigre and Flamenko
cultivars increased in salt stress. The Zn
content of Muzik cultivar decreased in salt
stress, while it increased in other cultivars.
The increases in Ca contents depending on salt
application in wheat cultivars may be explained
with the calcium having an important role in
excessive Na existence for carrying the K
selectively to enable the plant durable against
salt; and therefore, Ca intake also increases

parallel to the increasing Na intake in salty
conditions.
Kaiser et al. (1983), associated the decrease in
growth with the decrease in nutrient and water
intake; Wang et al. (2010) associated the harmful effects of salinity with water stress, ion
toxicity and ion imbalance (inhibitions in K+
intake) or with the combination of these factors. In addition, Wang et al. (2010), claimed
that the decrease in photosynthesis was related
with the decrease in the stoma conductivity.
It was observed in NaCl (-) conditions that the
plant grain yield of bread wheat samples varied
between 2.60-3.44 g, and the highest plant
grain yield was determined in Flamenko and
Tigre cultivars, and the lowest plant grain yield
was determined in Adana-99 sample, which is
the cultivar grown commonly in the area.
The plant grain yield of wheat cultivars grown
in pots under salt stress vary between 1.67-2.64
g in salinity conditions. Average plant grain
yield of wheat cultivars grown in salinity
conditions reduced by approximately 0.806 g
(26.9%). The most reduction rate was observed
about 1.19 g (41.6%) in Skerzo cultivar, 1.15 g
(40.3%) in Muzik cultivar, the lowest reduction
rate was observed in Adana-99 cultivar (Table
2).

Table 1. Means and groups formed among bread wheat cultivars regarding plant dry weights, K+/Na+ ratio and Ca
contents in NaCl (-) and NaCl (+) conditions
Cultivars

Plant Dry Weight (g/plant)
NaCl (-)
NaCl (+)
Average

Renan
Tigre
Flamenko
Skerzo
Muzik
Adana-99
Average
LSD
CV (%)

0.599 AB
0.318 CD
0.625 AB
0.412 AB
0.517 C
0.253 D
0.570 BC
0.263 D
0.646 A
0.348 BC
0.643 A
0.440 A
0.600 A
0.339 B
0.092
32.40

0.459 BC
0.519 AB
0.385 D
0.416 CD
0.497 AB
0.542 A
0.065

NaCl (-)
1.781 C
2.938 A
1.874 C
2.244 B
1.562 C
2.652 A
2.175 A

K+/Na+ ratio
NaCl(+)
Average

0.880 C
1.549 A
0.765 C
1.064 BC
0.943 C
1.302 AB
1.084 B
0.589
45.41

1.330 C
2.244 A
1.319 C
1.654 BC
1.253 C
1.977 AB
0.417

NaCl (-)

Ca (g/kg)
NaCl (+)

3.447 B
4.427
3.688 AB
4.298
2.722 C
4.629
3.578 B
4.809
3.101 BC
4.400
4.248 A
4.698
3.464 B
4.543 A
1.010
20.51

Average
3.937 AB
3.993 AB
3.675 B
4.194 AB
3.750 B
4.473 A
0.714

*The differences between the means shown by the same letter are not significant at the 0.05 level according to LSD test.

Table 2. Means and groups formed among bread wheat cultivars regarding Fe, Zn contents and Plant Grain Yield in
NaCl (-) and NaCl (+) conditions
Cultivars
Renan
Tigre
Flamenko
Skerzo
Muzik
Adana-99
Average
LSD
CV (%)

Fe (mg/kg)
NaCl (-)
NaCl (+)
55.020 C
58.400 AB
56.537 BC 59.599 A
57.979 B
59.676 A
61.915 A
58.659 A
55.075 C
55.607 B
61.281 A
58.083 AB
57.968 A
58.337 A
3.926
5.01

Ort
56.710 BC
58.068 ABC
58.828 AB
60.287 A
55.341 C
59.682 A
2.776

Zn (mg/kg)
NaCl (-)
NaCl(+)
11.718 B
12.112 C
13.770 A
14.898 AB
13.161 AB 13.513 BC
14.425 A
14.680 AB
13.257 AB 12.254 C
14.449 A
15.748 A
13.463 A
13.867 A
1.617
11.09

Ort
11.915 D
14.334 AB
13.337 BC
14.553 AB
12.756 CD
15.099 A
1.143

Plant Grain Yield (g)
NaCl (-) NaCl(+)
Av.
2.88
2.12 BC 2.50
3.30
2.64 A
2.97
3.44
2.49 AB 2.96
2.86
1.67 C
2.26
2.85
1.70 C
2.27
2.60
2.47 AB 2.54
2.988 A
2.182 B
1.295
0.915
31.62

*The differences between the means shown by the same letter are not significant at the 0.05 level according to LSD test.
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salt stress vary between 29.27-35.40 g in
salinity conditions. Average thousand kernels
weight of wheat cultivars grown in salinity
conditions reduced by approximately 8.33 g
(20%).
The most reduction rate was determined about
25.12 g (41.5%) in Flamenko cultivar, but the
lowest weight loss with 3.57 g (10.4%) in
Adana-99 cultivar. A non-statistically significant increase was observed in Muzik wheat
cultivar.
It was observed that the plant heights of the
bread wheat cultivars vary between 66.8693.80 cm, and the highest plant height was
observed in Adana-99, and the lowest plant
height was determined in Muzik cultivar in
NaCl (-) conditions.
The plant heights of wheat cultivars grown in
pots under salt stress vary between 48.87-67.25
cm in salinity conditions. Average plant height
of wheat cultivars grown in salinity conditions
reduced by approximately 22.06 cm (27.2%).
The most reduction rate was observed about
26.8 cm (28.6%) in Adana-99 cultivar, 26.7 cm
(31.2%) in Tigre cultivar (Table 3).

While there were significant differences
between the cultivars at a rate of 1%, in terms
of heading time it was observed that the
heading time of the bread wheats vary between
143-158 days in non-saline field conditions.
The latest heading was observed in Renan,
Skerzo and Muzik cultivars, and the earliest
heading time was observed in Tigre cultivar in
non-saline conditions.
The heading time of wheat cultivars grown in
pots under salt stress vary between 128-136.3
days in salinity conditions. Average heading
time of wheat cultivars grown in salinity
conditions reduced by approximately 20 days
(13%). This reduction rate was about 12 days
(7.86%) in Tigre cultivar, 10 days (6.55 %) in
Adana-99 cultivar.
It was observed that the Thousand Kernels
Weight of the bread wheat samples vary
between 28.37-60.52 g in NaCl (-) conditions.
The highest Thousand Kernels Weight was
observed in Flamenko cultivar and the lowest
Thousand Kernels Weight was observed in
Muzik wheat sample. The thousand kernels
weight of wheat cultivars grown in pots under

Table 3. Means and groups formed among bread wheat cultivars regarding agricultural properties
in NaCl (-) and NaCl (+) conditions
Heading Time (Day)
Cultivars

NaCl (-)

NaCl (+)

Renan
Tigre
Flamenko
Skerzo
Muzik
Adana-99
Average
LSD
CV(%)

158.00 A
143.00 D
153.66 B
157.66 A
156.66 A
146.33 C
152.55 A

128.0 B
131.3 AB
134.0 AB
132.3 AB
136.0 A
136.3 A
133.00 B
6.343
07.97

Thousand Kernel Weight (g)
Av.

143.00 AB
137.17 C
143.83 AB
145.00 AB
146.33 A
141.33 BC
4.485

NaCl (-)

NaCl (+)

41.67 B
34.58
41.07 B
33.95
60.52 A
35.40
43.35 AB
35.37
28.38 B
29.27
34.30 B
30.73
41.55 A
33.22 B
18.822
33.29

Av.
38.12 AB
37.51 AB
47.96 A
39.36 AB
28.82 B
32.52 B
13.309

Plant Height (cm)
NaCl (-)

NaCl (+)

90.15 AB 67.25 A
85.46 B
58.73 B
71.76 D
52.20 C
78.43 C
60.06 B
66.86 D
48.87 C
93.80 A
66.97 A
81.080 A 59.013 B
5.832
20.54

Av.
78.70 A
72.10 B
61.98 C
69.25 B
57.87 C
80.38 A
4.124

*The differences between the means shown by the same letter are not significant at the 0.05 level according to LSD test.

CONCLUSIONS
In conclusion, salt is unwashed and accumulate in upper soil. This situation restricts
the development of plant roots, causes the
formation of abiotic stress in plants. Water
intake and transpiration decreased.
There are significant differences in terms of
growing and mineral matter content of wheat
plants in saline conditions. Besides being not
used as much water by plants, it can be said
that plant growth can also be limited by ion
uptake, and particularly by impairments in ion
balance.

Adana-99 cultivar, which is grown commonly
in the area, showed high plant height and high
Grain Yield per Unit Area, and these characteristics are the indicator for its being
preferred by producers in the region in further
years.
The results of this study revealed that the
assessment based merely on grain yield is
inadequate.
It is observed that Adana-99, Tigre, Flamenko
and partly Skerzo cultivars may be preferred
in terms of the grain yield values in both
NaCl (-) and NaCl (+) conditions.
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Abstract
The objective of this study was to evaluate the effect of different fibre and starch dietary levels on the blood parameters
of post-weaning rabbits. A control group was fed a post-weaning, growing rabbit diet containing 138 g/kg dry matter
(DM) crude fibre and 168 g/kg DM starch. Three rabbit groups were fed diets with 147, 156, or 164 g/kg of DM crude
fibre, and three groups were fed diets having 190, 223, or 247 g/kg DM starch. The experiment started with six weekold rabbits and lasted 28 days. Blood glucose levels were, on average, 7% lower in the groups fed fibre-enriched diets
(P = 0.048) and 10% higher in the rabbit groups fed starch-enriched diets than in the control. The higher the dietary
level for fibre and starch diets, the greater the deviation from normal in glucose levels. Total protein levels were not
significantly modified, excepting a 13% increase in the globulin fraction of fibre and starch-diet fed groups and a
subsequent decrease (8.3% and, respectively 13.8%) in the albumin/globulin ratio, but no differences according to the
level of fibre or starch. Compared to the control, blood urea was 17% lower and 10% higher in rabbits fed the high
crude fibre high starch diets respectively. Alanine aminotransferase, aspartate aminotransferase, and alkaline
phosphatase showed relatively steady activity regardless of diet. The fibre diet levels were positively correlated with
protein (r = 0.87) and HDL cholesterol (r = 0.78), but negatively correlated with glucose (r = −0.72), urea (r = −0.91)
and triglycerides (r = −0.78). Contrastingly, dietary starch levels correlated positively with triglycerides (r = 0.92)
and LDL cholesterol (r = 0.86). A negligible relationship was found between cholesterol and fibre (r = 0.15) or starch
(r = 0.01) enriched diets.
Key words: blood biochemistry, diet, fiber, growing rabbit, starch.

INTRODUCTION

MATERIALS AND METHODS

In rabbit metabolism and nutrition research,
diets with differing structures or chemical
compositions are often tested. Most dietary
studies aim to determine the effects of different
levels of protein, starch or fibre on metabolism
or nutrition physiology (Eiben et al., 2008;
El-Tahan et al., 2012; Wang et al., 2012).
The structure and composition of these diets,
which sometimes deviate in high degree from
the standard diet, could influence blood
parameters and subsequently, the physiological
status and welfare of individuals (Atansuyi et
al., 2012; Ewuola et al., 2012).
The aim of this study was to reveal the extent
to which different starch or fibre dietary levels
could influence the haematology of growing
rabbits.

Animals and experimental design
Research was performed on 6-week old New
Zealand x Californian (males and females)
weaned (at 28 days old) rabbits with an average
initial weight of 1.038 ± 54 g.
Two weeks later, the young rabbits were
equally divided into seven groups: a control
and six experimental groups (10 rabbits in each
one).
Rabbits were housed in individual cages (250 ×
400 × 300 mm), and maintained at temperatures ranging from 22°C to 26°C. Water and
pelleted feeds were provided ad libitum.
A light cycle of 12 h from 07:00 h to 19:00.h
was maintained throughout the trial.
Diets were calculated according to weaned
rabbit nutrient requirements described by De
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Blas and Mateos (2010): a control diet and
three diets each with increasing crude fibre

(FL1, FL2, FL3) and starch (SL1, SL2, SL3)
levels respectively (Table 1).

Table 1. Calculated chemical composition of control and experimental post-weaning rabbit group diets
Chemical composition
Dry matter (DM, g/kg)
Crude protein (g/kg DM)
Crude fibre (g/kg DM)
Starch (g/kg DM)
Digestible energy
(MJ/kg DM)*

Control
886
127
138
167
10.04

Fibre enriched diets
FL1
FL2
FL3
883
882
878
138
136
135
147
156
164
149
147
146

Starch enriched diets
SL1
SL2
SL3
885
892
889
128
127
119
121
123
121
190
223
247

9.93

99.34

9.51

9.28

10.72

10.73

*Calculated according to energetic values of ingredients (tables INRA, 1999)

All diets consisted of maize, barley, oats, wheat
bran, full-fat soya, sunflower seed meal,
dehydrated alfalfa meal, and a vitamin mineral
premix. The diet per kg contained 10,000 IU
vitamin A, 2,500 IU vitamin D3, 80 IU vitamin
E acetate, 2.0 mg thiamine, 4.5 mg riboflavin,
3.4 mg pyridoxine, 10 mg pantothenic acid, 20
mg niacin, 0.030 mg vitamin B12, 100 mg Fe,
100 mg Zn, 52.2 mg Mn, 0.4 mg I, and 0.4 mg
Se. We enriched the fibre diets by adding
wheat straw and bran in partial substitutions of
maize and barley (FL1 = 6.0 % fibre enriched
diet, FL2 = 12.7% and FL3 = 18.8%). The
starch diets were enriched with the addition of
maize starch in partial substitutions of maize
and dehydrated alfalfa meal (SL1 = 13.7%
starch enriched diet, SL2 = 33.4%, SL3 =
47.4%). The trial lasted 28 days with the
rabbits being 42 and 70 days old at the start and
end of it respectively. Feed intake, body
weight, and clinical parameters of the animals
were monitored.
Blood sampling and chemical analyses
At the end of the experimental feeding period,
blood samples were taken at 10:00 h, from the
marginal vein of the ears of each rabbit. Fresh
blood samples, from 7-8 randomly selected
rabbits from the control and each experimental
group, were used to analyse the blood
morphological parameters: red blood cells
(RBC), haemoglobin, packed cell volume
(PCV), mean corpuscular haemoglobin
concentration (MCHC), mean corpuscular
volume (MCV) and mean corpuscular
haemoglobin (MCH) using an ABACUS Junior
Vet automatic haematology analyser. The
blood serum was obtained after blood
coagulation, 10 min of centrifugation at

14,000 G, and decantation. The sera were
stored at 4°C, until biochemical processing, for
no longer than 24 h. The glucose was measured
using an enzymatic method (Ashwell, 1957).
Total serum protein and serum albumin were
determined according to Gornall et al., (1949).
Alkaline phosphatase (ALP, EC 3.1.3.1),
aspartate aminotransferase (AST, EC 2.6.1.1),
and alanine aminotransferase (ALT, EC
2.6.1.2) activities were assayed by spectrophotometric methods as described by
Richterich
(1967).
Triglycerides,
total
cholesterol, high-density lipoprotein (HDL)cholesterol, low-density lipoprotein (LDL)cholesterol, and urea were measured according
to Manta et al. (1976).
Statistical analysis
A two-way ANOVA was performed for the
descriptive statistics and statistical comparisons
of the blood parameters of each rabbit group
using a General Linear Model procedure of
SAS (2002). When any null hypothesis was
rejected, a Tukey's post hoc test was performed
to compare the groups. The relationship
between starch or fibre enrichment levels and
the blood biochemical parameters were
statistically analysed using Pearson correlation
(r). The significance level of null hypothesis
rejection was declared at P < 0.05.
RESULTS AND DISCUSSIONS
Results of intake and growth suggested that
animals maintained their physiological status
regardless of the fibre or starch dietary levels
(Table 2). A 13.7% starch supplementation (in
SL1) resulted in a 25% and 63% increase in
intake and growth respectively. Rabbit groups
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fed by starch-enriched forages showed
productive performance (weight gain) superior

to control. Similar results were reported by
Wang et al. (2012) in growing meat rabbits.

Table 2. Daily gain and feed intake of rabbit fed on increasing fibre or starch dietary level
Control
FL1
FL2
FL3
SL1
SL2
SL3
P
(n=10)
(n=10)
(n=10)
(n=10)
(n=10)
(n=10)
(n=10)
values
Daily gain (g/d)£
21.1
28.4
22.4
21.4
34.3*
30.4
20.6
0.005
Feed intake (g/d)
81.5
87.0
79.0
75.5
101.6*
98.8*
94.6
0.019
n= number of animals; *: significant difference from the control group at the level P < 0.05. £: period = 42 to 70-d old.
Item

Similarly, different levels of fibre and starch
enriched diets did not modify the analysed
blood morphological parameters of the rabbits
(P>0.05, Table 3). Surprisingly, there seemed
to be a correlation between RBC count and
dietary levels of starch and fibre. These
unchanged physiological features suggest that
the hematopoietic process remained in the

normal range, at least during the experimental
period and for the tested levels of fibre or
starch. This is also in agreement with Ewuola
et al. (2012), who reported no significant
modifications of blood parameters in rabbit fed
on different dietary levels of water spinach leaf
meal, but a good intake, growth and health
performances were observed.

Table 3. Morpho-haematological parameters in post-weaning rabbits fed for 28 days on increasing levels of a fibre or
starch diet
ConFibre enriched diets
P
r
Starch enriched diets
P
r
trol
values
values
FL1 FL2 FL3
SD
SL1 SL2 SL3
SD
n=
8
8
7
8
10
9
9
6.58 6.65 6.50 6.36 0.43
0.059
0.81 6.50 6.44 5.89 0.41
0.054
0.86
RBC (106/L)
Haemoglobin (g/dL)
10.6 11.0 10.7
9.8
1.5
0.059
0.66 10.0 10.5 10.2
1.0
0.932
0.22
PCV (%)
36.7 37.7 36.4 35.0
2.3
0.069
0.71 36.4 36.8 36.0
3.0
0.060
0.56
MCHC (g/dL of RBC)
28.8 29.1 29.3 28.0
1.3
0.069
27.4 28.6 28.3
3.3
0.491
MCV (fL)
55.7 56.6 56.0 55.8
3.0
0.088
56.0 57.1 61.1
2.9
0.059
MCH (pg)
16.1 16.5 16.4 15.4
0.5
0.831
15.3 16.3 17.3
2.5
0.048
SD: standard deviation; n = sample size; r = correlation coefficient; RBC = red blood cells; PCV = packet cell volume; MCHC =
mean corpuscular haemoglobin concentration; MCV = mean corpuscular volume; MCH = mean corpuscular haemoglobin
Item

between proteins and globulins with fibre level
independent variables were found (r = 0.87 for
total protein and r = 0.88 for globulins).
This is in contrast with findings by Oboh et al.
(2007), where the total protein, albumin and
globulin were lowered (P<0.05) in rabbits after
eight weeks on a high carbohydrate/low fat
diet.
Blood urea was lower in all the experimental
groups than the control group, regardless of
fibre or starch levels. Urea levels decreased in
FL and SL groups (−3% in FL1, −22% in FL2
and FL3; −32% in SL1 and SL2, −19% in SL3
[P<0.05]).
There was a negative correlation between urea
levels and fibre levels (r = −0.91), and, less so,
in starch levels (r = −0.51). The decrease in
urea levels could suggest a decrease in protein
mobilization and the use of protein as a
metabolic fuel (Atansuyi et al., 2012; Wang et
al., 2012).

Fibre diets had a different effect on blood
biochemical parameters than the starch diets.
Compared to the control, blood glucose levels
reduced by 3% in FL1, 12% in FL2, and 7% in
FL3, but increased by 12% in SL1, 7% in SL2
and 11% in SL3 (Table 4).
Maintaining the normal limits of glucose
concentrations regardless of diet showed that
rabbits were able to control the intermediary
metabolism of carbohydrates for the tested
fibre or starch dietary levels. Instead, different
levels (and higher versus control) of blood
glucose were reported by Ewuola et al. (2012)
in rabbits fed on different dietary levels of
water spinach leaf meal.
Total protein level were only slightly affected
by diet with a little increase in the globulin
fraction (+13%, in FL1-FL3 and 14% in SL1SL3 groups), and a subsequent decrease (8% in
FL and 14% in SL groups) in the
albumin/globulin ratio. A positive correlation
24

Table 4. Blood biochemical parameters in post-weaning rabbits fed for 28 days
on increasing fibre or starch dietary levels
Fibre enriched diets
Starch enriched diets
SD P values
r
FL1 FL2
FL3
SL1 SL2
SL3
SD
n
10
10
10
10
10
10
10
Glucose*
87.0a;b 84.6 77.0a
81.4b
2.2
0.048
0.72 99.0 94.0
97.5
6.60
Protein**
7.3
7.3
7.5
7.5
4.4
0.509
0.87
7.7
7.5
7.6
0.40
Albumin (A)**
3.7
3.7
3.5
3.6
0.6
0.454
0.65
3.7
3.3
3.6
0.33
Globulins (G)**
3.4
3.6
4.0
3.9
0.8
1.054
0.88
3.9
3.9
3.8
0.55
A/G ratio
1.08
1.02 0.87
0.92
0.85 0.94 0.85
0.94
Urea (mmol/L)
6.9a;b;c
6.7
5.5a
5.5b
0.4
0.031
0.91
5.2a 5.2b
5.8c
0.23
AST***
50.3
55.4 52.3
49.4
3.0
0.065
0.24 50.0 52.9
46.4
5.0
ALT***
38.8
36.9 40.1
42.0
1.7
0.298
0.63 35.9 38.4
33.0
3.7
ALP***
104.0 120.4 110.0 96.0
6.4
0.243
0.39 120.1 110.0 114.1
8.6
Cholesterol*
89.9
87.7 92.3
89.3
8.8
0.404
0.15 85.0 79.0
92.1
4.4
Triglycerides*
60.0a;b 48.1a 46.4
48.3
2.7
0.020
0.78 55.4b 54.5
44.0
1.7
HDL chol.*
35.0a;b 29.9 32.0a 30.0
2.4
0.039
0.61 29.0 33.3b 31.3
2.0
LDL chol.*
40.2a;b 54.5 50.0a 54.9
6.2
0.033
0.78 46.0b 46.2
48.0
2.3
Legend: as in Table 2. Means with the same letter in the same row differ (P<0.05); * mg/dL; ** g/dL; *** IU.
Item

Control

The almost steady-state activities of ALT,
AST, and ALP may represent the integrity of
the liver health parameters and the ability to
maintain a constant protein synthesis activity in
the liver regardless of the starch or fibre dietary
levels.
Increasing the fibre or starch levels did not
change total cholesterol (P > 0.05) but affected
the lipid metabolism profile. Triglycerides and
HDL decreased in FL1 (−20% and −17%,
respectively) and SL1 (−8% and −17%,
respectively). A strong negative relationship
between triglycerides and starch diets was
found (r = −0.92). On the other hand, LDL
increased in FL1 and in SL1 and correlated
positively with dietary starch level independent
variables (r = 0.86). Variations in triglycerides,
HDL or LDL levels were not necessarily
proportional to the changes in fibre or starch
dietary levels, which could reveal a high
physiological capacity of the rabbit to correct
the levels of these blood parameters. No
relationship was found between cholesterol and
fibre (r = 0.15) or starch (r = 0.01) levels.
Instead,
direct
correlations
between
triglycerides and pancreatic lipase activity have
been reported by Dojana et al. (2012).

P value

r

0.032
0.090
0.193
0.232
0.002
0.094
0.059
0.165
0.332
0.044
0.047
0.022

0.59
0.47
0.52
0.62
0.69
0.51
0.38
0.67
0.34
0.01
0.92
0.33
0.86

both, fibre and starch enriched diets. Variations
in triglycerides, HDL, and LDL levels were not
proportional to fibre or starch dietary levels.
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Abstract
Use of renewable energy resources is regulated by EU Directive 2009/28/CE from April 23rd 2009. The reduction of the
greenhouse gas emissions coming from the biofuels and bioliquids use is calculated according to the Article 19 of the
Directive and is based on typical and default values. In this study the coefficients for sunflower crop (typical emissions
of greenhouse gas -g CO2 ech MJ-1) were evaluated at NUTS3 level (county) taking into account the pedoclimatic and
technological conditions of Romania. The evaluation of greenhouse gas emissions and of energy consumptions within
the whole production chain of biofuels and biodiesel was done by using Carbon Calculator – version 1.1 designed by
E4Tech for Renewable Fuels Agency from UK. This program was used for different crop production levels: multiannual
national average for the period of 1991-2014 provided by National Institute of Statistics; the lower level of crop
production defined as difference between multiannual average and standard deviation of crop production years; the
upper level of the crop production defined as sum between multiannual average and standard deviation of crop
production years; crop production for which the default values of crop coefficients are given in Annex V/part D. The
aggregation of information on greenhouse gas emissions (g CO2 ech MJ-1) at NUTS3 level corresponding to the fourth
levels of crop production was done as an average of emissions from each soil-terrain unit under arable land use. The
E4Tech model was then used for evaluation of spatial distribution of emissions. It was used the dependence between
typical greenhouse gas emissions specific to sunflower crop and crop yield (optimum technology: multiannual average,
multiannual average ± standard deviation; actual technology: multiannual average). The aggregation of these results
at NUTS3 level showed that the default values for typical emissions included in the Directive are not reached even in
case of optimum technology applied in favorable years for sunflower cultivation (average production + standard
deviation). The greenhouse gas emissions had the lowest values in Braila, Ialomita and Calarasi counties. The
reduction of greenhouse gas emissions within the whole chain of biofuels and biodiesel production from sunflower
cultivation, which were evaluated based on multiannual national average for the period of 1991-2014 (actual
technology) were 35% in favorable years and 11% in unfavorable years. These values are lower than the typical and
default values from Annex V/part D from EU Directive.
Key words: greenhouse gas emissions, biofuels, biodiesel, sunflower crop.

INTRODUCTION

financial support for biofuels and biodiesel
consumption. These type of energy should be
taken into account if the following
sustainability criteria are met: (1) beginning
with April 1, 2013 the greenhouse gas
emissions coming from using biofuels and
biodiesel produced by instalations that were
working at January 23, 2008 are reduced with
at least with 35%; (2) beginning with January
1, 2017, the greenhouse gas emissions coming
from using biofuels and biodiesel are reduced
with at least 50%; (3) beginning with January
1, 2018, the greenhouse gas emissions coming
from using biofuels and biodiesel produced in
instalations that have begun to work at or

Use of renewable energy resources is
regulated by EU Directive 2009/28/CE of
European Parliament and of Council from
April 23rd 2009 (European Parliament, 2009).
According to the article 17 of this Directive
either the feedstocks are cultivated within the
Community territory or outside it, the energy
produced from biofuels and biodiesel is
taking into account for: the evaluation of
respecting the requirements imposed by
Directive for the national tasks; the evaluation
of respecting the obligations related to
renewable energy; the eligibility related to
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after January 1, 2017 are reduced with at least
60%; (4) biofuels and biodiesel are not
obtained from feedstock produced on lands
with high biodiversity; (5) biofuels and
biodiesel are not obtained from biofuels and
biodiesel are not obtained from feedstock
produced on lands with high carbon stocks;
(6) biofuels and biodiesel are not obtained
from feedstock produced on lands which in
January 2008 were peat bogs, excepting the
case when there are proves that there were no
soil portions drained by cultivating and
harvesting these feedstock which previously
were un-drained.
The reductions of greenhouse gas emissions
are calculated according to the article 19 of
Directive 2009/28/CE based on typical and
default values. These values are based on data
related to production and use of biofuels and
biodiesel and on the methodology included in
Annex V of the Directive.
In part A of Annex V of the Directive typical
and default values for production chains
whose elements are not specified in the
Directive are presented. These values do not
include the net carbon emissions as a result of
land use change.
According to the Directive a “typical value”
designates an estimation of a representative
reduction of greenhouse gas emissions for
certain biofuels production chain. A “default
value” means a derived value from a typical
value by applying some pre-determined
factors and which can, in some conditions
mentioned in the Directive, be used instead of
a typical value. Typical and default values of
the coefficients used in the computing
methodology of greenhouse gas emissions
from production and using of the fuels for
transports, of biofuels and biodiesel (part C of
Annex V) are detailed for processes related to
plants growth (Table 1, part D of Annex V),
its processing (Table 2, part D of Annex V),
transport and distribution (Table 3, part D of
Annex V).
The objective of this study is to evaluate at
NUT 3 (county) level the sunflower crop
coefficients of which the default values are
given in Annex V/part D of the Directive
(default greenhouse gas emissions, g CO2 ech
MJ-1, for biofuels and biodiesel production
chains) under specific pedo-climatic and

agricultural
Romania.

technological

conditions

of

MATERIALS AND METHODS
The evaluation of greenhouse gas emissions
and of energetic consumption on the whole
biofuels and biodiesel production chain was
done by using Carbon Calculator – version
1.1 designed by E4Tech for Renewable Fuels
Agency from UK. The program uses predefined sequences for biofuels and biodiesel
production chains, which may be grouped in
the following categories: (1) specific inputs
for agricultural farms and vegetal crops; (2)
pre-processing;
(3)
vegetal
feedstock
transport; (4) processing/conversion; (5)
transport of final products (biofuels,
biodiesel) to the final users.
The calculations were based on default values
of computing program for sequences 2-5,
mentioning that the feedstock transport is
done by track at 50 km distance and with
electric train at 100 km distance and the
transport of final products is done with the
tanker at 200 km distance. It was not taken
into account the direct effect induced by land
use change, it was considered that the crop
structure will not be significantly changed and
the lands under different uses (pastures,
grasslands, orchards, vineyards) will not be
transformed in arable ones.
The input parameters related to sequence 1
(specific inputs for agricultural farms and
vegetal crops) were introduced according to
pedo-climatic and agricultural technological
conditions from Romania. The technologies
for sunflower crop were provided by the
Ministry
of
Agriculture
and
Rural
Development. These were used in order to
establish the input values related to diesel
consumptions for soil agricultural tillage and
for weeds and diseases control.
The mineral fertilizers consumption was
calculated based on the coefficients from the
Code of Good Agricultural Practices
according to estimated crop yield (kg of
nutrients per tone of main crop). For
sunflower crop, the soil nutrients mean
consumption for crop yield formation (kg of
nutrients – conventional active substances per
tone of main crop yield and corresponding
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secondary yield) are 36.5 nitrogen (N), 17.5
phosphorus pentoxide (P2O5), 50.0 potassium
oxide (K2O), in a rate seeds : strains of 1:3.
The computing program for evaluating the
greenhouse gas emissions was used for the
following crop yield levels: multiannual
national average for the period 1991-2014
provided by National Institute of Statistics;
lower level of crop yield defined by the
difference between multiannual average
(1991-2014) and standard deviation of crop
yield series; upper level of crop yield defined
by the sum between multiannual average
(1991-2014) and standard deviation of crop
yield series; crop yield corresponding to
default values of crop coefficient mentioned
in Annex V / part D from the Directive.
In case of sunflower crop the multiannual
national average for the period 1991-2014
was 1210 kg/ha and the standard deviation
was 228 kg/ha. The crop yield needed for
attaining the typical value of crop coefficient
from Annex V / part D from Directive
2009/28/CE is 3600 kg/ha. Regressions
(power functions) between greenhouse gas
emissions (g CO2 ech MJ-1) and main crop
yield (t/ha) were established for the chain of
biodiesel production.
As input data for crop yield the following
values were used: (1) multiannual average
value of crop yield which was obtained in unirrigated conditions using an optimum
technology (balancing the fertilizer stress by
application of mineral fertilizers on the whole
crop growing period). These values were
evaluated by using ROIMPEL agropedoclimatic simulation model coupled with
digital soil map of Romania, at 1:200000
scale and with climatic data basis in a grid of
10 x 10 km for the time interval of 19612014. The crop yield evaluation was done for
each soil polygon under arable use (based on
geo-referenced LCCS layer - satellite data
from 2002); (2) minimum values of crop yield
which was obtained in un-irrigated conditions
using an optimum technology, evaluated as
difference between multiannual average
values and standard deviation computed with
ROIMPEL model (same conditions as at point
1); (3) maximum values of crop yield which
was obtained in un-irrigated conditions using
an optimum technology, evaluated as sum

between multiannual average values and
standard deviation computed with ROIMPEL
model (same conditions as at point 1); (4)
multiannual average value of crop yield
which may be obtained in un-irrigated
conditions using the actual technology.
The aggregation of the information related to
greenhouse gas emissions (g CO2 ech MJ-1) at
county (NUTS3) level was done for the fourth
crop yield levels as an average of the
emissions from each soil-terrain unit under
arable use.
The spatial distribution of greenhouse gas
emissions was evaluated by using the
dependence between typical greenhouse gas
emissions specific to sunflower crop and crop
yield (optimum technology: multiannual
average, multiannual average ± standard
deviation; actual technology: multiannual
average) with the following equation:

EmissionsgCO

2 echMJ

1

0.8156
 51.3 * Productiontha
1

RESULTS AND DISCUSSIONS
The spatial distribution of the greenhouse gas
emissions within the biofuels and biodiesel
production chains from sunflower cultivation
is presented in Figures 1-4.

Figure 1. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
optimum technology

In case of using as input data for crop yield
the multiannual average production under
optimum technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
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biofuels and bioliquids production exceeds
the typical value from Directive 2009/28/EC
(19 g CO2 ech./MJ) all over the arable land of
the country. The highest values are recorded
in southern part of the country (Figure 1).
In case of using as input data for crop yield
the multiannual average production under
optimum technology + standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC (19 g CO2 ech./MJ)
with highest values in south and south eastern
part of the country (Figure 2).

In case of using as input data for crop yield
the multiannual average production under
optimum technology - standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC (19 g CO2 ech./MJ), with
very high values all over the arable land of the
country (Figure 3).
In case of using as input data for crop yield
the multiannual average production under
actual technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
biofuels and biodiesel production exceeds the
typical value from Directive 2009/28/EC (19
g CO2 ech./MJ), with very high values all
over the arable land of the country (Figure 4).

Figure 2. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
optimum technology + standard deviation (favorable
years for sunflower cultivation)
Figure 4. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
actual technology (1991 – 2014)

The aggregation of these results at NUTS3
level showed that the default values for
typical emissions included in the Directive are
not reached even in case of optimum
technology applied in favorable years for
sunflower cultivation (average production +
standard deviation). The greenhouse gas
emissions had the lowest values in Braila,
Ialomita and Calarasi counties (Table 1).
This situation is a consequence of the fact that
the level of the crop yields for which the
default values from Annex 5 were established
are very high (3600 kg/ha), more than double
of the average production of sunflower seeds

Figure 3. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
optimum technology - standard deviation (unfavorable
years for sunflower cultivation)
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obtained in EU. By using these values
Directive 2008/28/CE discourages the use of
sunflower seeds for biofuel and biodiesel
production.

At national level, the arable land area for
which the values for crop are lower or equal
with that’s from Annex V/D (for which the
calculated
greenhouse
gas
emissions
according to Article 19 are within in the
sustainability criteria defined in Article 17 of
the Directive 2009/28/CE) is for the
multiannual average production obtained
under an optimum technology: 19246 ha
(1032894 ha in favorable years, 0 ha in
unfavorable years). At the level of actual
average production (1991 – 2014), there is no
any arable land area for which the values for
crop are lower or equal with that’s from
Annex V/D from Directive 2009/28/CE.

Table 1. Emissions from feedstock cultivation.
Biofuels and biodiesel from sunflower.
Typical emissions according to Directive 2009/28/CE:
19 g CO2 ech./MJ. Potential average production ±
standard deviation under un-irrigated regime. Recorded
average production (1991-2014)

CONCLUSIONS
In case of using as input data for crop yield
the multiannual average production under
optimum technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
biofuels and biodiesel production exceeds the
typical value from Directive 2009/28/EC all
over the arable land of the country. The
highest values were recorded in southern part
of the country.
In case of using as input data for crop yield
the multiannual average production under
optimum technology + standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC with highest values in
south and south eastern part of the country.
In case of using as input data for crop yield
the multiannual average production under
optimum technology - standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC, with very high values
all over the arable land of the country.
In case of using as input data for crop yield
the multiannual average production under
actual technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
biofuels and biodiesel production exceeds the

The reduction of greenhouse gas emissions
within the whole chain of biofuel and
biodiesel
production
from
sunflower
cultivation, which were evaluated based on
multiannual national average for the period of
1991-2014 (actual technology) were 35% in
favorable years and 11% in unfavorable years.
These values are lower than the typical and
default values (58%, 51% respectively) from
Annex V/part D from EU Directive. Similar
situation is in case of using as input data for
national average production under an
optimum technology: the greenhouse gas
emissions are just 44%.
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Abstract
The work was performed based on the research undertaken over a period of more than 20 years on the activity of
agritourism and rural tourism in Oltenia, aimed at the touristic and agritourist potential of the neighbouring and
protected area of Cozia National Park. Through careful research and SWOT analysis, it was concluded that the studied
area possesses a very rich and valuable touristic and anthropic potential, which presently has not been sufficiently
utilized. Furthermore, a veritable capacity of attracting tourists was discovered through large quasi-virgin areas, of
great originality and variability, which have suffered almost no human intervention. These areas enjoy a rich flora and
fauna with unique species in Europe and a relatively large number of touristic attractions and monuments of nature,
included on the list of UNESCO world heritage. The research clearly underlines the impact of industrial tourism over
time, on the natural and anthropic environment, realising that almost all of its components have been reversibly or
irreversibly affected. The final conclusion is that the only viable option of agritourism and tourism that can be practiced
in the area of National Parks is based on the principle of ecologic sustainability, which would not damage the natural
and built environment and would have a favourable impact on the economic and social-cultural life. In this paper, a
series of general recommendations are clearly formulated, on the implementation, strategies, policies, directions and
objectives of development of this form of tourism.
Key words: agritourism, ecosystem, pollution, protected area, resources.

INTRODUCTION

natural surroundings (Stănciulescu, 2000;
Cândea, 2006).
The World Commission on Environment and
Development defines sustainable development
as being “a development that meets the needs of
the present without compromising the ability of
future generations to meet their own needs".
The Finnish economist Malaska explains more
comprehensively: “Human development is
ecologically sustainable, in relation to the
environment, if the interventions and effects
imposed by human activities, whether
economical, technological, social or cultural,
do not alter the rate of change of nature and
ecosystems in a way which is not controllable
by nature or in an irreversible way from the
point of view of future generations”. Essential
for sustainable development is the respect for
the interests of those who come after us. The
central idea is not to exhaust resources needed,
preoccupation which did not characterize the
pre-modern or modern economy (Iagăru et al.,
2016; Păcurar et al., 2014).

The problem of sustainable development takes
part on global level in a veritable trend to
change the planet, to combat pollution, fight
against drainage of resources, protection of
varieties of biosphere, saving of species and, is
based on a set of new values, mirroring a new
cultural mentality as compared to nature
embraced especially by the younger generation
(Maliţa, 1998).
Presently, the concept that enjoys the largest
audience among the specialists on a global
level is that of sustainable development, which
is often used as a synonym along with those of
viable development, sustainable, human and
even ecological. This represents the
manifestation of economic development falling
within the scope of using the planet’s natural
resources, forms of conventional and nonconventional energy, while at the same time
protecting and preserving the environment,
representing a trend to save nature and our
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The general current strategy of international
development also led to the development of
world tourism, desiring to introduce a new
economic world order and to gradually reduce
the existent discrepancy between industrialised
countries and developing countries. In this
respect, tourism and implicitly agritourism are
considered a major activity in the lives of
nations because of the direct influence on
social, cultural, educative and economic sectors
with large openness to international exchanges
(Bran, 1997, 1998; Comen, 2006).
If we refer to the evolution of tourism at
present, it is characterised by a profound
renewal of world tourism offer, especially by
the development of a new tourist product range,
higher from the qualitative and quantitative
point of view. Tourism, more than any other
field of activity, is dependent on the
environment, this representing its primary
matter, the object and the field of activity and
of carrying out of tourism being its framework
support, the bearer of its resources. Tourism is
carried out in the environment and through the
environment, its quality being able to favour or
to deny tourist activities. The more the
resources are varied and more complex, and
especially not altered, with properties as close
as possible to the primary ones, the more their
tourist's interest is higher, and the activities
which are generated by them are more valuable
and more attractive, answering to various
tourist motivations (Stănciulescu, 2000).
The appreciation made by the Swiss specialist
professor J. Krippendorf (1987) is very
conclusive: „If we can lose, and then rebuild
capital in other economic fields, it is not the
same thing in tourism, where the basic
substance – landscape and land – once lost, is
irremediably lost”.

Călina et al. (2017): observation, getting of
information – as basic method, being thus
emphasised aspects such as: tourism
environment, tourism resources, tourism
infrastructure, etc.; description, presentation of
facts – as means of rendering, presenting all
noticed elements; analysis, investigation –
which comprises involvement of a set of
instruments, techniques and methods of
enhancement and explanation of relations
which are established between the elements of
tourist phenomenon.
Emphasis is put first of all on the 3
interdependent elements of agritourism and
rural tourism: attraction towards the beauties of
nature, novelties, charm and events specific to
life in the countryside; accommodation and
meal, without having the expectation to be at
hotel standards, but to be of quality and offered
with hospitality; transport, access routes to the
rural environment are primordial elements to
ensure a continuous flow of tourists.
The main aspects aimed are particularised by
Călina and Călina (2011):
1. Environmental context
a) Relief. The studied area comprised in Brezoi –
Titeşti inter-Carpathian depression and a part of
the Getic perimeter, or the Getic depression
formed in the Carpathian geosyncline, where
sedimentary, marine and alluvial deposits are
predominant, where the system of Olt river
with its median direction carved deep valleys,
(33% mountains, 45% foothills, 20% subCarpathian hills and depressions and 2% flood
plains), marked by pronounced fragmentations.
The area presents a relief of mountain and hill
with sub-Carpathian depressions and plateau
hills. The high step is constituted by mountains
and comprises Căpăţânii and Lotrului peaks,
Cozia massif and, partially, the southern sector
of Făgăraş Mountains and Tara Loviştei
intermountain depression.
b) Climate. As in the territory of the studied
area various forms of relief are found, which by
their orographic particularities influence the
carrying out of thermal, wind and atmospheric
rainfall conditions, the climate, although a
moderate continental one, has certain nuances
which are imposed first of all by the relief in
steps, from heights exceeding 2000 m (Suru,
Mizgavu) and up to 300-400 m in Drăgăşanilor
«plain». Under these circumstances, we meet

MATERIALS AND METHODS
The work presents in the first part the quality
and favourability of tourist resources in Cozia
National Park, in performing agritourism and
rural tourism activities, and then an analysis
regarding their sustainable development in the
researched area is carried out.
The methodology used in assessing and
diagnosing the agritourist phenomenon in the
area is the one presented by Glăvan (2002) and
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oscillations of temperature varying from -2º C
(in the mountains) and +11º C (in the southern
part of the area), the winters are longer and rich
in precipitations, and the summers are
sometimes short. The months of July, August
and September provide the best conditions to
organise trips. The annual average of the
temperature in Râmnicu Vâlcea is of 10.2º C.
c) Hydrography. The main axle of the entire
hydrographic network of the area is Olt river,
and its most important tributary is Lotru river,
which springs from Parâng Mountains and
gathers the waters from the northern versants of
Căpăţânii Mountains and the southern ones of
Lotru Mountains. It has a length of 80 km and
the area of the hydrographic basin is just about
1000 km2, over which a density of
hydrographic network of 0.77 km/km2 is
overlapped, greater than the entire sector (0.65
km/km2), but specific to a mountain area.
In Parâng Mountains, the glacial lakes Câlcescu –
from which the Lotru river springs - Găuri,
Lacul lui Vidal, Pisari and others originate from
the accumulation of water in the cauldrons of
former cirque glaciers. Glacial lakes of a rare
beauty are also found in Latoriţei – Cioara,
Iezeraşul Latoriţei, Muntinul Mic and
Singuraticul Mountains (Călina and Călina,
2011).
d) Vegetation. The forests cover in 93% of
cases the Cozia, Narăţu, Doabra-Călineşti
massifs. The main existent levels of vegetation
are represented by multi-tiered forests,
depending on the altitude, from 300 m to 1667
m. The general composition of the forests in
Cozia Natioanl Park is mainly formed of beech
(57%), holm (14%), spruce (18%) and mixed
species: hornbeam, cherry, lime, manna, etc.
(11%). The area of brushes aged over 80 years
is of 62%, and the quasi-virgin natural brushes
total over 6000 ha. The scientific value of
Cozia National Park is constituted by the
existence on large areas of forestry ecosystems
and natural meadows, slightly altered by human
intervention, of great originality and variability.
Among the rare plants in the flora of our
country, in Cozia – Narutu area grow:
sânzâiene (goldenrods) (Galium kitaibelianum
Schult.), which are found only in the Romanian
Carpathians Mountains, garofiţa albă (white
mini-carnation) (Dianthus spiculifolius Schur.),
glacial relict which grows only in the

Romanian Carpathians, laleaua (Tulipa)
(Fritillaria montana Hoppe ex W.D.J. Koch),
gladioli (Gladiolus imbricatus L.), albina (darkbee orchid) (Ophrys fusca Link.), a
Mediterranean orchid which is a Neozoic relict,
located here in the most northerly European
station and other rare species. Moreover, the
Cozia – Narutu mountain area is rich in
endemic species whether to Carpathians, or to
the entire country. We mention just a few:
Dianthus kitaibelii ssp. spiculifolium Schur.,
Dianthus henteri Heuff. ex Griseb. & Schenk,
Centaurea coziensis Nyár. (vinetele de Cozia Cozia aubergines), Iris hungarica ssp. dacica
(Beldie) Prod. et Nyár., Rosa coziae Nyár. or
măceşul Coziei (Cozia dogberry) etc.
e) Fauna. Fauna, interesting and rich in species
of different origins, keeps almost the same
spectrum mentioned in the flora, in the sense of
the predominance of European elements. The
composition and the repartition of fauna on the
studied territory are reflected, like in the case of
vegetation, by the climatic particularities, by
the diversity and the altitudinal tier of the relief.
Consequently, the fauna differentiates as
follows:
Among the elements of central Europe, we
mention here: echinus (Erinaceus europaeus
L.), mole (Talpa europaea L.), bear (Ursus
arctos L.), squirrel (Sciurus vulgaris L.), wolf
(Canis lupus L.), lynx (Lynx lynx L.), wild cat
(Felis silvestris Schreber), marten (Martes
martes L.), weasel (Mustela nivalis L.), deer
(Cervus elaphus L.), doe (Capreolus capreolus
L.) and badger (Meles meles L.) among the
mammals, and among the birds we mention:
nutcracker (Nucifraga caryocatactes L.), jay
(Garrulus glandarius L.), robin (Erithacus
rubecula L.), ox-eye (Troglodytes troglodytes
L.), owl (Athene noctua Scopoli), eagle owl
(Strix aluco L.) etc.
As elements of the Euro–Siberian fauna, we
mention:
grosbeak
(Coccothraustes
coccothraustes L.), which comes in the hot
season, crossbill (Loxia recurvirostra Vrolik.),
megpie (Pica pica L.), sparrow (Passer
domesticus L.), crested lark (Galerita cristata
L.), chaffinch (Fringilla coelebs L.), blackbird
(Turdus merula L.) a.s.o.
The fauna of mammals of Cozia Mountains
comprises 39 species, out of which two are
protected: chamois (Rupicapra rupicapra
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carpatica Couturier), recently returned,
especially in Narutu Massif, and the lynx (Lynx
lynx L.), species that in the last decade
increased their number in this part of the
country. Of the total of mentioned mammals,
16 species pertain to Rodentia order, and 12
species pertain to Fissipedia order. Habitual of
these are the mammals specific to Carpathians:
bear, Carpathian deer, pine marten, forest
dormouse (Dryomys nitedula Pallas), echinus.
The aquatic fauna of Cozia Massif comprises
over 130 species, out of which the majority
(84) pertain to Passeriformes order, the
predominant and qualitative, not only
quantitative group of birds.
Aquatic fauna is represented by a huge number
of invertebrates and over 30 species of fish
specific to mountain rivers, such as: trout –
Salmo trutta fario L., bullhead – Cotus gobio
L., minnow - Phoxynus phoxynus L., nase –
Chondrostoma nasus L., barbell – Barbus
barbus L., carp – Cyprinus carpio L.,
Romanian loach – Sabanejewia romanica
Băcescu, the last one being endemic in
Romania and thus it is imposed to ensure not
only the survival of the species as is, but also
its survival in as many basins in the country as
possible.
2. Position and accessibility
- Attractive geographic position between the
Danube and the Carpathians;
- The region is crossed by 3 European Roads
(10,000 km of roads): E 70; E 79; E 81; 4th
European Corridor; 5 ports on the Danube and
Craiova International Airport.
3. Economical-social and cultural framework
- Agriculture and forestry represent 51.2% of
the economic activities of the population in the
region;
- Preponderantly rural population-54.6% of the
population in the regions lives in rural
environment;
- Representative ethnographic centres of the
regions are as follows: Horezu, Vaideeni,
Polovragi, Ştefăneşti, Bărbăteşti, Somăneşti;
- From the cultural point of view, the thesaurus
is completed by museums, house museums,
historical monuments, monuments of laic,
religious arts, archaeological sites etc;
moreover, the area is considered to be a land of
monasteries, churches and hermitages, being

the second region, after Moldova, as number
and importance (Călina and Călina, 2011).
In Romania, the problems related to evaluation
of the impact on the environment were
regulated by Law no. 135/1996, where the
detailed
provisions
to
elaborate
the
environment agreements and balances with the
participation of environment agents, and
specialized companies in environment issues
were established. In the WTO publication
“Tourism in the year 2010” it is specified as
follows: “Sustainable tourism develops the idea
of meeting the needs of present tourists and the
tourist industry while protecting and enhancing
opportunities for the future. It is envisaged as a
leading management of all resources in such a
way that we can fulfil economic, social, and
aesthetic needs while maintaining cultural
integrity, essential ecological processes,
biological diversity and life support systems”.
RESULTS AND DISCUSSIONS
Based on the research and on pursued
objectives in the research methodology, the
team of experts carried out the SWOT analysis,
through which all positive and negative aspects
were very clearly, realistically and pertinently
emphasized, which may favour or prevent
development of sustainable agritourism and
tourism in the researched area.
Strengths:
- richness of natural patrimony of Cozia
National Park;
- access infrastructure in the protected area
insufficiently artificialized;
- diversity of natural tourist resources;
- fauna and flora rich in species which are
unique in Europe;
- existence of wild areas, not affected by human
intervention;
- relatively large number of tourist objectives
included in the UNESCO world heritage;
- existence of the legislative framework which
allows the development of the network of
protected areas and their preservation, as well
as the necessary conditions to establish the
administration for protected areas, in view of
initiating their management.
Weaknesses:
- precarious information and lack of
awareness/education in respect to the natural
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heritage, of its importance at present, but
especially in the future;
- chaotic location of constructions and
extension of the built-up area in the space in the
immediate proximity or even inside the
protected natural area, aiming at developing
and further execution of buildings or even
tourist resorts;
- reduced perception of local community near
the natural park of the importance of practicing
sustainable agritourism and tourism, as
supplemental financial source both for the
individual and for the local community;
- reduced level of training of tourist guides in
sustainable agritourism and tourism, as well as
of the specialty staff administering the
accommodation structures;
- the offer of activities and services, as well as
the accommodation capacity at the level of the
protected area is reduced, and the defective
administration of tourist facilities already
existent produce large quantities of waste;
- the lack of sewers, with wastewater treatment
plants – leads to the pollution of brooks;
- the irrational exploitation of natural resources
by massive felling of trees and inappropriate
storage of sawdust, by inadequate grazing and
overgrazing, poaching, uncontrolled tourism,
etc.;
- the lack of an effective administration to
initiate a management of sustainable
development of the protected area, as well as
modern marketing through which its true value,
both on a local/regional level may be
emphasised, as well as on national/international
level.
Opportunities:
- the increase of the number of internal and
external tourists/ visitors who have as
motivation sustainable agritourism and tourism,
based on ecological principles;
- the diversification of specialty offer on
sustainable agritourism and tourism, based on
ecological principles, by including some
representative tourist objectives of Cozia
Mountains;
- the discovery, diversification and promotion
of some events based on „nature calendars”
(e.g.: clopping of deer, dance of the grouse,
blossom of mountain peony, etc.);
- providing facilities to investors in
national/natural parks by the administration of

parks, or even by the competent ministries in
our country.
Threats:
- competition on a national and international
level in respect to the offer in the field of
sustainable agritourism and tourism, based on
ecological principles;
- superior and high performance systems to
manage waste in protected areas and their
neighbouring areas, existent in other areas in
the country or in the countries in the region;
-process of accentuated urbanization of rural
population with direct implications in losing
immaterial/material cultural heritage existent in
the National Park;
- probability of decrease of income of
communities from the park or in its
neighbouring space as result of the restriction
of some economic activities specific to the
areas, if they are not compensated by the new
business opportunities that appear by practicing
sustainable agritourism and tourism, based on
ecological principles;
- proliferation, near Cozia National Park, of
some forms of industrial tourism, to make
unfair competition, due to the non-observance
of the minimum conditions to protect natural
and built environment;
Moreover, research carried out on the tourism
potential of Cozia National Park and especially
on natural and anthropic tourist resources,
aimed the identification, inventory and analysis
of main types of impact caused to the natural
and built environment as follows in table 1
(phenomenon also stressed out by Bran et al.,
1997, 1998; Bălteanu et al., 2008).
From the analysis of data collected on site, it
was established that the main factors which
significantly contributed to the increase of
agritourism implicitly, are as follows, factors
also found by Lieth &Whttaker (1995):
- substantial increase of tourist circulation and
of the number of tourists on a local, regional or
even national and international level;
- emersion of complex developments and
facilities in the area, for winter sports or spa
treatment;
- increase of the number of tourist structures of
different types and sizes, as well as of those of
public food;
- substantial increase of road and railway
traffic, in particular, and less of air traffic;
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- increase of the degree of dissatisfaction of
local population due to the irrational
development of tourist activities, leading to
illegal expropriations and processing of natural
resources;

- continuous degradation of the landscape and
environment;
- extremely reduced number or even the
absence of minimum facilities to stop or limit
pollution (water treatment plants, incineration
of household refuse and others).

Table 1. Types of impact caused to natural and built environment
Impact on natural environment

Impact on anthropic environment

a. Changes in the composition of flora and fauna species
- destruction of valuable vegetal species to crop plants and to
valorise wood and cutting of natural vegetation to realise tourist
facilities;
- restraining the areas of natural reservations, of sanctuaries
with wild life;
- destruction of the habitat of the species and hunting of animals
for pleasure, gastronomic curiosities and souvenirs market;
- acting on the internal and external migration of animals.
b. Pollution
- pollution of soil;
- pollution of atmosphere;
- pollution of water by discharge of wastewater, discharging of
petroleum substances;
- sound pollution due to tourist activities and transportations.
c. Erosion
- increase of the phenomenon and degree of landslides;
- trampling and compaction of ground, resulting in the increase
of discharge of pluvial water and superficial erosion;
- emphasising of processes that trigger avalanches;
- affecting o special geological forms and sites (caves,
sinkholes);
- increase of the level of shore erosion on the main
watercourses.
d. Natural resources
- diminution of the debit of water sources by over-solicitation
and over-exploitation;
- diminution of classical fuel resources for the necessary energy
to support tourist activities;
- increase of risk for natural fire.
e. Visual impact
- tourist structures and facilities (hotels, recreational
constructions, auxiliary services);
- garbage and waste resulting from tourist circulation.

a. Urban forms
- emphasising the contrast between the urban area arranged from
the tourist point of view and other residential areas;
- modifications in urban structures (industrial areas, residential)
and other utilities (leisure, structures to receive tourists)
- transformations in equipments and urban furniture (streets,
surfacing of roads, paving, lighting)
b. Urban environment
- set aside of lands:
- modification of hydrological, climatic regime.
c. Infrastructure
- occurrence of new facilities of general and specific
infrastructure;
- increase or over-loading with elements of infrastructure (roads,
railways, parking, electric grills, communication systems, water
supply);
- re-orientation of environment management, to adapt areas for
tourist purposes (winter sports, hiking, escalades, cycling
tourism).
d. Restoration and competition
- re-use and restoration of old urban sites, of historical buildings;
- restoration and renovation of old buildings as a second
residence;
- decline of some tourist attractions or of a region because of the
emersion of other attractions or the change of motivation or of
tourist habits.
e. Visual impact
- significant increase of areas occupied by constructions;
- new architectural concepts and projects, not harmonised with the
existent ones and with the environment;
- conglomeration of population and goods.

In order to solve the problems approached
within the research theme, from the beginning,
the plans of common actions were established,
being correlated with those of WTO (World
Trade Organisation), WTTC (World Travel and
Tourism Council) and the National Strategy for
Tourism Development, which are supposed to
know and approach the following problems:
- first of all, by the research methods, all
natural and cultural particularities were
inventoried, which may constitute the basis of
tourism potential and analysis of all the aspects;
- then, all the values and opportunities that may
form the basis of sustainable tourism, in
protected natural areas with tourism potential
were identified;

- clear specification, from the beginning, of the
purposes for protection for the protected natural
area, with participation of specialists and all
interested parties in its tourist exploitation;
- multidisciplinary working teams were
established and conditions were ensured for a
better collaboration with local population, with
regional and local organizations interested in
tourism;
- carrying out of a study regarding the
launching in protected natural areas of a new
tourist product, based on the amplification of
the educational, teaching and scientific role;
- analysis of the capacity to support different
areas, components of natural areas with tourism
potential, to ensure quality at the level of
international standards;
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-analysis of the degree of exploitation of
resources, taking into account the requirements
for environment protection and creation of
conditions to implement the plans of complex
economic arrangement and exploitation;
-implementation in the area of a new technical
management, appropriate to develop systems of
sustainable transportation and a promotional
and communication strategy to promote the
idea of protected natural area, within the
context of creation of new tourism products;
-then, the internal and international markets
regarding the diversification and the
development of tourist activities in protected
areas were pursued and analysed and a final
appreciation was made concerning all the
impacted aspects;
-moreover, the programmes that monitor
information about natural areas regarding
tourist circulation were established, the
consequences and the periodical review of
plans of tourism development in order to
observe environment quality standards;
-in the end, specialty consultancy will be
provided in supporting travel agents or
economic agents, interested in the development
of activities that are compliant with the national
and local policy on environment protection.
General
recommendations
to
achieve
sustainable agritourism and tourism
Keeping all the tourist-based functions of the
national parks and of the biosphere,
reservations must have as basis the drafting of
specific tourist development plans, which
should not be limited to these natural spaces
and to be inscribed in a much wider regional
context.
The isolated actions of partial establishment
exclude the achievement of a sustainable
tourism.
Means of transport, which should be as
noiseless as possible, have to be developed and
promoted, by using alternative energy sources,
and the tourist endowments and equipment
must be achieved in such a way and on such a
scale, that the fullest harmony with the local
environment be achieved, by using local and
traditional construction materials. This is
demanded for future types of holidays which
require low energy costs and which could
exploit the least amount of existing resources

and at the same time which should contribute to
the environment preservation and safety.
Both for tourists and for the local population it
is important too that the role and the method of
putting into practice the sustainable tourism be
explained, as well as the gradual achievement
of a life style compatible with the environment
international safety standards, something which
is very useful for the future generations
development requirements.
Complying with these basic requirements
necessitates a political and economic
commitment from all the units interested in the
tourism development, providing actual
financial support, opening partnerships between
the international, national and local bodies.
Following these partnership activities, the
following measures which are useful in the
achievement of a sustainable tourism for the
protected natural areas can be elaborated:
-rigorous instruments and law provisions on the
running legal status consolidation of the
national parks and biosphere reservation;
-European Charter drafting of practicing
sustainable tourism within and outside the
protected natural areas;
-elaborating a European Action Program for
the sustainable tourism which should include
putting into practice certain pilot priorities
which should prove the touristic and ecologic
efficiency of this type of tourism.
The impact of the agritourism and rural
tourism development in the researched area on
the economic, social and cultural life
The implementation and development of
agritourism and rural tourism in the
neighbouring areas and in the Cozia National
Park had a particularly favourable effect on all
the aspects, but especially upon the inhabitants’
economic, social and cultural life, the
mentioned effect being showed by the
following:
-providing
durable
and
sustainable
development of the rural localities by rationally
using all the resources, wastes decrease and
removal, recycling, providing environment
preservation and safety, decrease of the process
of taking agricultural and sylvan lands from the
agricultural and sylvan circuit, impact also
noticed by Louwagie et al. (2009);
-stopping the population exodus from the rural
areas towards the urban ones, especially of the
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young population, because of the lack of
occupation (impact also notified by Comen,
2006; Moinet, 2006);
-considerably enhancing the number and
volume of investments in the area – in the
infrastructure, agriculture, trade and tourism,
phenomenon also stressed by Călina et al.
(2017);
-increasing the level of education, culture and
civilisation of the inhabitants from the villages,
because by practicing agritourism they need to
study, keep themselves updated and
continuously perfecting, in order to be up to the
level of demands of the guests coming from
different social media and countries;
-improving of the inhabiting space, the
endowment with material elements of modern
civilisation (restrooms, running cold and warm
water indoors, sewage system, telephone, fax,
television, etc.), which represents a true
revolution of the degree of material civilisation
of the Romanian rural space after the
communist period (aspect also found by Stoian
2006);
-significant increase of the jobs percentage,
especially those occupied by the female
personnel, preponderantly attracted in the
agritourism activity (Glăvan, 2002; Moinet,
2006);
-direct
source
of
capitalization
and
modernisation of the agricultural exploitations,
because the incomes reach directly to the
agriculturalist families;
-acquiring new professional competence,
distinct from that of an agriculturalist - in the
field of providing tourist services (impact also
found by Giudici & Dessi, 2011);
-keeping and perpetuating traditional jobs and
crafts such as: pottering, artisanal processing of
wood and leather, weaving, painting on glass,
handicraft and embroidery, etc.;
-substantial decrease of the unemployment rate
in the rural space and increase of the incomes
of the rural farms and farmsteads engaged in
such an activity (also noticed by Marques,
2006);
-increasing the standard of living of inhabitants
from the rural areas where it developed rapidly
and tirelessly (phenomenon also notified by
Goodwin, 2003);
-recovery of the agricultural building stock and
capitalisation of all the cultural traditions from

the rural world and of the typical products from
the agriculture and of the traditional
gastronomy in the region (Bitsani & Kavoura,
2012);
-the possibility to capitalise as efficiently as
possible on the elements of representative
architecture, civilisation, religion, art and
culture, which express a certain cultural
identity and develops the tolerance spirit
(impact also found by McGehee, 2004);
-substantial decrease of the gap between the
way of habitation from the rural environment as
compared to the urban one.
The strategy and policies of sustainable
development of agritourism and rural tourism
in the researched area of the Cozia National
Park
Regarding the strategy and policy in the
researched area there is the need that
modernisation and development of the
infrastructure be taken as primary measures and
endowment of the area and of localities, the
rebuilding and safety of both the natural and
built area, of both the spiritual and cultural
thesaurus, making population aware and
keeping them updated as well as the tourists,
privatisation, revitalisation and a wider
promotion of tourism.
The National Institute of Research and
Development in Tourism, based on the studies
made, proposes a few primary lines of tourism
development, within the global and social and
economic strategy of the area, in the context of
the environment safety and of the tourist
resources and of institutional and organisational
regulations of the tourism activity.
In order to comply to the demands of
I.N.C.D.T. (National Institute for Research and
Development in Tourism), it is required, within
the sustainable development of agritourism,
that in the sustainable development of
agritourism and rural tourism, a series of global
strategies at the level of the region with
rigorous policies and programs should be
adopted, based on the partnership between the
government, the local authorities and the public
and private actors. All these needs to be
oriented towards the creation of a responsible
administration and of a rigorous and efficient
institutional and legislative climate, which can
contribute in a decisive manner to the need of
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environment safety and rehabilitation, on the
territory of the Cozia National Park.
The required policies and strategies are as
follows:
-firstly, promotion policies at the level of all the
educational institutions, as well as informing
the population regarding the need to practice
sustainable tourism and agritourism in the
researched area;
-policies
on
the
modernisation
and
development of the general infrastructure and
territory and localities endowment;
- rigorous policies and a protectionist character
on the removal of pollution sources, of ecologic
reconstruction and sustainable development, of
the natural and built environment safety, of the
priceless cultural, historical and spiritual
thesaurus;
-policies which could favour the sustainable
development of tourism and agritourism, as
well as their restructuring and modernisation.
The development lines of tourism are:
-it is primary the development and promotion
of specific forms of specialised tourism:
scientific (in natural reservations); ecotourism
(both in the protected areas, and in the
neighbouring areas), speotourism (in the
mountains areas), horse riding, etc;
-revitalisation and development of the wellness
and spa treatment tourism by persistently
promoting the prophylactic cure and of fitness
in all the tourist resorts;
-consolidation and development of repose and
relaxation tourism, with emphasis on the
diversification of the holiday and recreation
offer;
-development of the transit tourism, by
achieving modern infrastructures for the road
and railways traffic, which should not affect in
any way the protected area;
-promotion of the itinerant tourism with
cultural and religious traits;
-the maximum capitalisation of the tourist
potential of some rural localities;
-implementation and promotion in the nearest
vicinity of the business and reunions tourism.
The objectives which must be included in the
development strategy are as follows:
-tourist offer diversification;
-development of the tourism within the territory
and introduction into the circuit of new tourist
areas and values:

-restructuring and modernisation of the tourism
activity;
-achieving an adequate institutional and
organisational frame of the tourist activity;
-environment and tourist resources safety.
CONCLUSIONS
From the study of tourism potential of the
researched area, we determined that Cozia
National Park has a very valuable natural and
anthropic tourism potential, represented by the
various climate, rich flora, fauna and relief
resources, which have not been used and
promoted at their true value and beauty in the
activity of sustainable tourism and agritourism,
both on a local and national level. Practicing of
industrial tourism and agritourism, not based
on sustainable and ecological principles, led to
the manifestation, in protected areas as well as
in the neighbouring areas, of negative aspect
with strong and almost irreversible impact on
the natural and built environment, influencing
in a decisive manner the decisions of the
research team to rigorously and scientifically
study and the necessity of implementation of
sustainable tourism and agritourism. With an
experience of more than 25 years in the
evolution of tourism, in general, and of
agritourism in particular, we came to the
conclusion that these activities had a very
unfavourable impact on the protected areas as,
between 1990-2000 the so-called wild tourism
was practiced, which rapidly and chaotically
developed, with no respect for the natural and
anthropic environment. Subsequently with the
creation of a legislation in the field and the
increase in the level of knowledge and
information of the local population and
authorities, the foundations of a new type of
tourism was establish, based on sustainable and
ecological principles, which served to obtain
advantages both for the environment as well as
for the local population. Paying close attention
and balancing the negative aspects caused by
the impact of the tourism activity in general on
the environment and the advantages which are
gained by practicing this new type of tourism
with revolutionary aspects, based on ecological
principles, we determined that the two
concepts, preservation of natural and anthropic
environment and tourism, may be compatible
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only if the latter is implemented and developed
on healthy principles, which do not prejudice in
any way the natural and built environment.
Moreover, the research team, based on practical
knowledge and experience gained over the
years of research, formulated several general
recommendations which may influence in a
positive manner the development of tourism,
and elaborated a plan of strategies and policies
aiming at promoting, on the level of all
educational
and
local
administration
institutions, the necessity to practice
sustainable tourism and agritourism, the
development of general infrastructure and
fitting of the territory and the localities,
protectionist policing regarding elimination of
pollution sources and the invaluable culturalhistorical and spiritual thesaurus. A particularly
important contribution regarding the research is
shaping the direction of tourism development
in general, which mainly aims at practicing
scientific tourism, focused on knowledge and
protection of environment of protected areas,
ecological tourism, itinerant tourism with
cultural and religious valences, likewise that
which is based on making the best use of
cultural, historical and ethnographic heritage of
rural localities in the neighbouring areas of the
National Park. At the same time, the objectives
that must be included in their future
development strategy must be very clearly and
correctly established.
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Abstract
Gentiana lutea is known as one of the most valuable medicinal plant, most of the chemical compounds being
synthesized in the roots. The aim of this study was to evaluate the antioxidant properties based on total phenolic
content, flavonoids concentration and reducing capacity of the extracts from in vitro differentiated roots of the
protected plant species G. lutea. Explants represented by leaf and root fragments originated in a six years old culture of
somatic embryos, were inoculated on liquid and solid nutritive Murashige & Skoog media variant supplemented with
mannitol. 3% mannitol in liquid media was able to induce the best result concerning number of roots and root length,
but a higher antioxidant capacity correlated with flavonoids oncntraation was founded in the root cultures induced on
solid medium variant. A viable method for root culture should be use for improving the biomass of the gentian and
exploitation of the secondary metabolites. In this way, the protection of the endangered species is ensured.
Key words: flavonoids, mannitol, protected plant species root culture.

INTRODUCTION

in their natural habitats (Ando et al., 2007).
Nearly 100 species of Gentiana genus are
protected by law in many European countries
(Mikula et al., 2005).
In Romania, G. lutea is a protected plant
species, listed as critically endangered (Oprea,
2005), collection and exploitation in the natural
habitats being restricted under national and
international regulations.
Despite the large amount of seeds, plant
development and reproduction is influenced by
its biological peculiarities: low seed germination, pest and diseases, soils and climatic
conditions requirements, specific pollinators
and mycorrhizal fungi (Drobyk et al., 2015).
In this way, an alternative technique for
providing plant material for pharmaceutical
industry is represented by biotechnological
approaches, applied for sustainable use of
endangered and/or protected medicinal and also
for conservation of these species. The
biotechnological approaches used for medicinal
plants are based on in vitro techniques (to
multiplicated the plant material) and
biochemical or molecular techniques (to
analyses the secondary metabolites with
medicinal properties).

Gentiana species play an important role in
ethnobotany, pharmacology and horticulture
(Hayta et al., 2011), G. lutea being one of the
most valuable medicinal plant (Sava, 2015).
Different in vitro studies showed that gentian
extracts have antimicrobial, antispasmodic,
anti-inflammatory, antioxidant, choleric and
secretory activities (Nastasijević et al., 2012).
The main chemical compounds of this species
are represented by bitter terpenes, xanthones,
alkaloids, small amounts of tannins, sugar,
essential oils mainly being synthesized in roots
(Edwards et al., 2015). For a good exploitation
of active ingredients, the gentian roots have to
be collected after 4-5 years (Heltmann and
Silva, 1970).
Taking into account the importance of G. lutea
and other relatives, several studies were made
during time concerning characterization,
ecology, biotechnology and applications summarized in two volumes of The Gentianaceae
book (Rybczyński et al., 2014, 2015).
Over the world, there was an increasing
demand for raw material (1,500 tons of gentian
roots); this reason caused a significant damage
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The aim of our study was to evaluate the
antioxidant properties based on total phenolic
content, flavonoids concentration and reducing
capacity of extracts from in vitro differentiated
roots induced in moderate osmotic stress of the
protected plant species G. lutea.

Survival percentage of the explants (%),
percentage of rooted explants (%), number of
roots/explant and mean roots length (cm)
represents the evaluated parameters of the in
vitro root cultures. The results were recorded
after 4 weeks.
The survival percentage was calculated as the
number of viable explants after 4 weeks of
culture on media variants/ total of initial
explants * 100.
To check the statistical significance, one-way
analyse of variance was used. Tukey test was
used
for
multiple
comparations
(http://xltoolbox.sourceforge.net).

MATERIALS AND METHODS
Root cultures were established starting from
leave and root fragments detached from
germinated somatic embryos (Figure 1).

The extraction of G. lutea antioxidant
compounds. Differentiated roots were dried on
filter paper, grounded with quartz sand and
extracted in a ratio of 1: 1 (v/v) with 100%
methanol for 24 hours. The homogenates were
centrifuged at 10000 G, for 20 minutes and the
supernatant were used for the subsequent
analysis.
Determination of the total phenolic content
(TPC). TPC was determined according to the
method described by Mihailovic et al., 2013
with some changes. The reaction mixture (0.5
ml of suitably diluted extract, 2.5 ml FolinCiocalteu reagent diluted 11-fold, 2 ml of 7.5%
Na2CO3) was kept 30 minutes at room temperature. After that the absorbance was
measured at 765 nm. Three repetitions of the
same variant were made and the average
represents total phenol content expressed as
gallic acid/fresh weight (EAG mg/g sample).

Figure 1. Six years - old highly embryogenesis
culture used as explants source

A six year - old highly embryogenesis culture
maintained in condition of moderate osmotic
stress induced by 3% mannitol (Holobiuc and
Catană, 2012) represent the source of somatic
embryos.
The recurrent somatic embryos cultures were
maintained on solid (M2) MS medium
(Murashige and Skoog, 1962) supplemented
with Gamborg vitamins (Gamborg et al., 1968),
3% sucrose and 3% mannitol. No plant growth
factors were used.
To increase the number of roots, a liquid
variant of the same medium was used. The pH
was adjusted to 5.8. The solid media variants
were solidified with 8 g/l Plant agar. A GFL
3017 Orbital shaker (110 rpm) was used to
perform liquid root cultures. A solid MS
without mannitol was used as control (M1)
variant.
The conditions for maintaining of in vitro
cultures were represented by a 16 h light/8 h
dark photoperiod, with light intensity of 27
µmol*m-2*sec-1 and temperature 24±2°C.

Determination of the flavonoids. Estimated
flavonoid content of methanol extracts was
performed using a protocol described by
Zhishen et al., 1999, with minor adjustments.
Thus, suitably diluted 0.5 ml methanol extract
of each sample was added with 2 ml of distilled
water and 5% NaNO2 solution and the mixture
was equilibrated for 5 min. Then 150 μl of 10%
AlCl3 solution was added, and after 6 minutes
of reaction was added 1 ml of 4% NaOH and
brought to a total volume of 5 mL with distilled
water.
Optical density at 510 nm was recorded against
blank and flavonoid concentration estimation
was done according to a calibration curve using
the standard routine. Three repetitions of the
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same variable were made and the average of
flavonoid content was expressed as rutin
equivalent/ f fresh weight (ERU mg/g sample).

Table 1. Survival and rooting percentages
of explants on media variants tested

Determination of antioxidant capacity by
DPPH method. According to the method
proposed by Marxen et al., 2007, corresponding
diluted 100μl extract was mixed with 2.25 ml
of methanol and 150 µl methanol solution of
1.27 mM DPPH. At the same time, control was
replaced with the extraction solvent. After 30
minutes of incubation at room temperature and
darkness absorbance was read at 515nm.
Antioxidant capacity represented differences
between the samples and control against a
standard curve that used Trolox (synthetic
antioxidant α-tocopherol analogue) as standard
antioxidant. Three repetitions of the same
variable were done and the average readings
representing antioxidant capacity, expressed as
Trolox/ fresh weight (mM Trolox/g sample).

Survival
percentage
Rooting
percentage

M1
(control)

M2
(solid
variant)

M3
(liquid
variant)

16.66

100

100

0

60

50

Legend: M2 and M3 – media variants added with 3%
mannitol.

Both explants type (root and leaf fragments)
cultivated on solid and liquid media variants
added with 3% mannitol showed a 100%
survival percentage. On the control, medium
variant without mannitol, only 16.66% of
explants survived (Table 1).
The rooting process started about 14 days after
the initiation of root cultures.
Moderate stress induced by 3% mannitol was
able to initiate and sustain the roots
development with no significant differences
(p<0.05) between solid (M2) and liquid (M3)
media variants. No roots induction was
observed on control variant. These data
suggested that the combination of sucrose and
mannitol sustain the root developmental. Our
results are in accordance with results
concerning shoot multiplication in a root tip
culture of garlic, where MS media variant
added with 0.8% mannitol and 3% sucrose had
a better result than all the sucrose concentrations tested (Haque et al., 2003).
Number of roots/explant and roots length
showed significant differences (p<0.05)
between liquid and solid media variants added
with 3% mannitol (Table 2).

Measurement of reducing power or
determination of Fe3+ ions reduction. The
reduction of Fe3+ to Fe2+ ions by the methanol
extract was carried out according to the method
described by Gursoy et al., 2009. The reaction
mixture consisted in 1 ml of the diluted extract,
1 ml of 1% K3Fe(CN)6 and 1 ml of 0.2 M Na
phosphate buffer, pH 6.6, incubated for 20 min
at 50°C. 10% TCA was added and centrifuged
at 10000 RCF, 10 min at room temperature.
Subsequently, 1 ml supernatant was mixed with
1 ml of distilled water and 0.5 ml 0.1% FeCl3
and absorbance was measured at 700 nm.
The measurement of reducing power was determined by reference to a standard curve with
Trolox as a reducing agent. Three repetitions
were made and the average of reducing power
has been expressed in Trolox equivalents/fresh
weight (mg Trolox/g sample).

Table 2. Number of roots and root length of G. lutea
developed on the solid and liquid media variants
M2
(solid variant)

M3
(liquid
variant)

No. of
roots/explant

1.16±0.93

3.91±0.9*

Root length

0.87±0.37

1.23 ± 0.21*

RESULTS AND DISCUSSIONS
The root system of G. lutea from nature is
forbidden to harvest being a protected plant
species.
In this way, an in vitro root culture was applied
for roots induction and for the analyses of the
antioxidant properties.
In our case, it was observed that rooting
response varied in terms of survival percentage
of the explants, rooted explants (Table 1).

Data followed by * are significant different according to
Tukey test (p<0.05).

During time, the importance of growth media
variant and incubation conditions to produce
specific medicinal compounds at a rate similar
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to intact plants was recognized (Hussain et al.,
2012).
Since the main chemical compounds of G. lutea
are synthesized in roots (Edwards et al., 2015),
some methods of root induction were
developed by adding sucrose (Sharma et al.,
1993), auxins (Momcilovici et al., 1997), silver
nitrate (Petrova et al., 2011), Agrobacteriummediated transformation (Hayta et al., 2011),
fast-growing isolated root culture (Drobyk et
al., 2015).
The organized cultures, especially root cultures,
can make a significant contribution to phytochemicals production. According to Dobryk et
al. (2015), isolated root cultures showed greater
concentration of secondary metabolites than
callus culture.
A root culture initiation represents a better way
to obtain biomass than other tissue culture
techniques due to short time and low-price
necessary for initiation (Dobryk et al., 2015).
Between numerous media variants, Murashige
and Skoog medium was considered (since
1962) suitable for the production of secondary
metabolites in suspension cultures. In our case,
the liquid medium variant had a positive effect
on the number of roots/explant than the solid
variant (Table 2). These data are in accordance
with Hassaneim (2010), who showed that liquid
medium had a favourable effect on
Pelargonium rooting compared with the solid
medium variant. This may be explained by a
better availability of the nutrients and water to
the explants. Induction of the new roots may be
ensured by the water supply (De Klerk et al.,
1999).
Concerning the different capacity of the explant
type to form roots, our results showed that roots
induced from leaf fragments were longer (~4
cm) and the maximum number of new roots/
explant was 4, in one month. In the case of
roots obtained from root explants, the length was
shorter (~2 cm), but the number of new roots
varied between 3 and 18/explant (Figure 2).
The type of explant seems to be of great
importance in the process of morphogenetic
response. There are numerous papers that
underline this idea presented by Molina and
Nuez (1995).
In a period of 30 days of in vitro root culture, 4fold fresh weight of roots was obtained on the
liquid MS variant. Through root cultures may

be assure a high demand of biomass necessary
for secondary metabolites extraction. In this
way, the conservation of protected plants is
assured.

a

b

Figure 2. Differences between new roots induced from
leaf (a) and root (b) explants in liquid media variant
added with mannitol

In the next step, we analyzed the antioxidant
properties of roots induced on the same media
variant with the original culture, respectively
Murashige and Skoog medium added with 3%
mannitol. In this aim, the new roots induced
were detached from the explants and analyzed
after 4 weeks of in vitro cultures.
On the solid medium variant were obtained
higher level of analyzed parameters than on the
liquid one (Table 3). The lower values of these
parameters in the case of roots induced on
liquid medium were determined maybe by the
accumulation of water, our determination being
reported to fresh weight.
Taking into account the total values (regardless
the media variants), differences between total
phenolic content and flavonoids are not
observed in new roots induced on medium
added with 3% mannitol (Table 3).
Flavonoids, near phenols compounds, represent
support for bioactive properties of the plants,
being responsible for the most part of
antioxidant properties.
In the present study, a nonsignificant correlation was found between antioxidant activities
and phenolic content in Gentiana lutea in vitro
roots induced, R2 value were 0.11.
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Between antioxidant capacity and flavonoid
content the R2 value was 0.96. These results
suggested that flavonoid compounds were
responsible for antioxidant capacity in our case.

Some papers were mentioned to evaluate the
antioxidant activity of Gentian roots. Screening
the
antioxidant
activity
of G.
lutea
commercially dried root, Azman et al. (2014)
obtained 12.3 g GAE/g DW total phenolic
content and 15.89 μmol of TE/g DW
antioxidant activity. In our case, the total value
of phenolic content was lower (1.35 mg GAE/g
FW and 5.15 mM Trolox/g FW DPPH activity).
The quantitative differences might be referred
to the environmental factors and current growth
stage, our cultures were grown only for 4
weeks, whereas the commercially dried root
was over three years old.
A comparative analysis of metabolites in G.
scarba roots from different sources (2 months
old normal roots grown in greenhouse and two
different perennial Gentiana dried herbs
available in the market) showed that secondary
metabolite contents are greatly affected by age
and source of origin of the plants (Huang et al.,
2014).
Concerning type of explant, differences were
observed not only at morphological but also at
biochemical level. Differences of biosynthetic
potential of organ cultures derived from various
explants, plant genotypes, and structural and
functional rearrangement of cell genomes in in
vitro culture represent some factors which can
caused changes in secondary metabolism
(Kunakh, 2005).
Roots induced from leaf explants were
characterized by higher flavonoid concentration
(Figure 3).

Table 3. Total phenolic content, flavonoids
concentration, antioxidant activity, reduction power of
G. lutea roots induced in the presence of 3% mannitol

Total phenolic
content
(EAG mg/g FW)
Flavonoid
concentration
(ERU mg/g FW)
Antioxidant
capacity
(mM Trolox/g)
Reduction power
(mg Trolox/g FW)

Solid
media
variant

Liquid
media
variant

Total

1.035 ±
1.10

0.321 ±
0.118

1.356 ±
1.219

1.471 ±
0.83

0.211 ±
0.088

1.682 ±
0.471

4.095 ±
0.72

1.055 ±
0.374

5.15 ±
1.102

4.165 ±
1.83

0.555 ±
0.148

4.72 ±
1.979

These data are not in accordance with previous
reports, where the antioxidant activity of G.
lutea correlates with the phenolic content
(Bayliac et al., 2016; Nastasijević et al., 2012).
There are studies which showed good
correlation between phenolic content and
antioxidant activity (Deighton et al., 2000)
whereas another found no correlation (Gazzani
et al., 1998).
Although our results showed that the
antioxidant capacity is not correlated with total
phenolic content, the reducing power showed
that these compounds may act as primary and
secondary antioxidants (Chanda and Dave,
2009). The reducing power reflects the electron
donating capacity of bioactive compounds,
being associated with antioxidant activity. Fe
(III) reduction is often used as an indicator of
electron- donating activity, which is an
important mechanism of phenolic antioxidant
action (Nabavi et al., 2009).
The primary antioxidants term refer to those
which actively inhibit oxidation reactions, and
secondary antioxidants refer to those which
inhibit oxidation indirectly, by mechanisms
such as oxygen-scavenging, binding prooxidants, etc.) (Shashidi and Wanasundara,
1992). Rice-Evans et al. (1997) considered
phenolics to operate as secondary oxidants due
to their ability to bind with potentially prooxidative metal ions.

Figure 3. Total phenolic content and flavonoids
concentration of roots induced from different explants

These results are due to the distribution of
flavonoids virtually in all plant parts,
particularly the photosynthesizing plant cells
(Kumar and Pandey, 2013). Higher flavonoid
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concentration in leaf than root where found in
Rhus pentaphylla extracts (Itidel et al., 2013).
In or case, a higher total phenolic content was
observed in the case of roots induced from root
explant. These data are in accordance with
those founded in Rhus tripartita and R.
pentaphylla, where the total phenolic content
was higher in stem cortex than in other plant
parts (Itidel et al., 2013).
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CONCLUSIONS
The root induction is depending on type of
explant and the media variant used.
The MS liquid media variant added with 3%
mannitol was able to induce a higher result
concerning number of roots and roots length.
4-fold fresh weight of roots was obtained on
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it might be a good alternative for production of
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protected Gentiana.
Roots obtained on solid medium variant
showed a higher antioxidant activity correlated
with flavonoids content.
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Abstract
In the technical literature, based on certain simplifying hypotheses, there were presented explicit analytical expressions for
the curves of infiltration through earth massifs, under non-permanent conditions. We found that the accuracy of the models
that lead to the determination of such curves of infiltration is strongly dependent on the accuracy of approximating the
flood hydrographs with analytical functions. From authors experience in the area of flood waves mitigation, remarkable
results were obtained when the flood hydrographs were approximated with cubic spline functions. Therefore we intended
to extend this type of approximation to the hydraulic models that determine the curves of infiltration through massive
chunks of earth. For the purpose of developing such hydraulic models, more easily exploitable in expedite applications, we
appealed also to flood hydrograph approximations with unique polynomial functions of 1st and 3rd degree. After
reviewing the methodologies used to develop the hydraulic models from recent technical literature, in a consistent manner,
we designed an original general algorithm - applicable to any approximating analytical function for flood hydrographs.
For validation, this new algorithm was first tested on the cases already treated in topical works - which led to similar
results. Then, with the same new algorithm, have been addressed also the new proposed issues. The results for all
representative specific cases considered, were consistent with those obtained by numerical simulation, using appropriate
software and based on hydrodynamic models well established in the field.
Key words: guard levee dyke, infiltration curve, hydraulic model, Boussinesq diffusivity equation.

INTRODUCTION

duration tC, and with the zero level of the graph
equal with the level of the impermeable bed;
3. The porosity corresponding to the dike’s
initial humidity nI, (imposed by the volume of
water-filled holes fraction), is lower then the
drainage porosity, nd ( 0  nI  nd );
4. Infiltration takes place along horizontal
parallel stream lines.
Based on these hypotheses, the diffuseness
equation determined by Boussinesq for unidimensional domains, and the boundary
conditions attached to it are customized as:
nd  h    h 

 h  , for t  tI and x [ x0 , x0  L]
koz  t  x   x 
(1)
- initial condition: t = tI = 0, h = I(x)  HI=
HHF (tI) , for x ≥ x0 ;
(2)
- boundary conditions:
in/at x = x0=0, h = C0(t) = H HF  t  , for t  tI ;

Dikes are hydraulic construction, used for
protection against flooding which are cyclically
under load during floods.
In the technical literature, eg (Chiorescu et al.,
2007; Pietraru, 1975; Popescu et al., 2009),
there were presented explicit analytical
expressions for the curves of infiltration
through earth massifs, under non-permanent
conditions, based on the following simplifying
hypotheses:
1. The dike is considered an homogeneous
solid pile of earth, semi-infinite (on the
direction of infiltration, the width L is
considered to extend infinitely) and with the
upstream bank (m = mAM >0), placed on an
horizontal impermeable bed;
2. On the (upstream) slope of the massive,
located in the section x=x0, the free level of
water varies by a law imposed by the ascending
branch of the flood hydrograph, HHF (t), with

in/at x0 + L, h  HI , for t  tI .
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(3)
(4)

In the expressions above, unspecified (directly
In the expressions above, th represents the time
into text) symbols, have the following
when the flood wave reaches the imposed load
meanings: t - independent time variable; tI on h and satisfies the equations:
1
initial moment; x - independent space variable;
H HF  th   h  0 or th  H HF
h ,
x0 and x0 + L – the limits of space domain; h
with tI  th  tI  tC
(7)
= h(x, t) - water depth (free level of water
In (Chiorescu et al., 2007) and (Popescu et al.,
above the impermeable bed); koz - hydraulic
2009) was first determined the general solution
conductivity at saturation, on horizontal
of differential equation (5) and then using the
direction. Within the same simplifying
contour condition (6), was evaluated the
hypotheses, in work (Chiorescu et al., 2007;
appropriate integration constant for the
Popescu et al., 2009) there was inferred the
particular solution.
diffuseness equation of the infiltration as a
In the present work this particular solution was
differential equation with separable variables:
directly - by introducing contour
 nd  nI  x  mh  dx  koz  H HF t   h dt (5) obtained
condition (6) within the limits of integration of
Particular solutions of the equation can be
equation (5):
x
t
obtained for the contour conditions (3), and are
 H    hd  0
n
n

mh
d

k







c
I
oz


presented explicit in the following general
mh
th  Viit
form:
(8)
x0  mh , t  th , with tI  th  tI  tc
(6)
thus resulting, in succession:
x
t
 0.5 2  mh  mh  n koz n h t  th   n koz n th H HF  d  0,
d
I
d
I
(9)

 nd  nI   x2  2mxh  m2 h2   2koz h  t  th   2koz t

t

h

H HF  d  0.

Accordingly, to find the equation for the curves
of infiltration under non-permanent regime in
implicit general form:
  h, x, t   0
(10)

Given the above, in Table 1 were centralized
the following: in column 2 - the formal type of
analytical expressions for the hydrograph
H HF  t  ; in column 3 - cases where already

where t is considered as a parameter, one has
simply to solve the equation (7) with th as
unknown, to obtain the analytical expression
for the primitive function H HF  t  and then to

have been obtained or proposed, analytical
solutions of the form (10); in column 5 - cases
of the analytical solutions for the equation
Bousinesq (1); in columns 4 and 6 - verification
by numerical methods, undertaken by the
authors, for the analytical solutions from
columns 3 and 5.

evaluate the integral defined by (9),
t

J   H HF  d

(11)

th

Table 1. Particular solutions of diffuseness equations (1) and (5)
No.
1
1
2
3(*
4(*
5(*
(*

H HF  t 
2
linear, reduced form
periodic, cosinusoidal
linear, full form
polynomial of the 3rd degree
natural cubic spline function

analytical,
for (5)

numerical,
for (5)

analytical,
for (1)

numerical,
for (1)

3
mAM≥0, [1]
mAM≥0, [5]
mAM≥0
mAM≥0
mAM≥0

4
mAM=0, [5]
mAM=0

5
mAM=0, [2]

6
mAM=0, [5]
mAM=0
mAM=0
mAM=0

issues addressed and resolved with this work
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Next, there will be presented specific analytical
expressions of this function and how to
determine them in the case of a flood
hydrograph determined based on hydrometric
measurements, then we'll summarize the main
results obtained in work (Chiorescu et al.,
2007) and (Popescu et al., 2009), and address
the problems listed in (Table 1) - lines 1 ... 3.
Finally, in a specific case study, there will be a
comparative assessment of the technical
performance of each analytical solution for the
differential equations (5), accepting as
reference the numerical solution obtained using
the established computer software package,
FEFLOW.

To mention that the cubic spline function has
been used successfully in the flood hydrograph
approximation models for flood mitigation
(Popescu, 2000).
The ascending branch of a given flood
hydrograph, H HF  t  , with t  tI , tI  tC  , it is

usually represented by N  2 pairs of values:
 t1  0, H1  H I  , , t j , H j , , t N  tI  tC , H N  H max 





(17)
In determining the correlation coefficients (12),
..., (15), the best results were obtained by the
method of least squares of Gauss (Popescu et
al., 2009). For polynomial correlations (14)
and (15) there were used (directly) the
MATLAB
functions
poyfit,
employed,
respectively, in the forms,

MATERIALS AND METHODS

polyfit (t, H, 1) and polyfit (t, H, 3),

Analytical expressions for flood hydrographs
For the types of functions that approximate the
ascending branch of the flood hydrograph
(Table 1) - 2nd column, real analytic
expressions for the function H HF  t  , are

(18)

where t and H are vectors, containing each N
elements of pairs (17),
t = {t1, t2,…, tN } and H = {H1, H2,…,
HN }.
(19)

tabulated in (Table 2) - 3rd column.
Table 2. Approximating functions for the ascending branch of a flood hydrograph
No.

Approximating
function

1
1

2
linear, reduced form

2

periodic, cosinusoidal

3(*

linear, full form

4(*

polynomial of the 3rd
degree

H HF  t  ,

for

t  t I , t I  tC 

Eq. no.

Observations

3

4

5

vLVt

(12)

vLV – growth speed of water level
(W.L.)

(13)

H - temporary average load
 - amplitude

(14)

vLV - growth speed of W.L.
HI - load at the tI moment

(15)

a, b, c, d - polynomial coefficients

H   cos


tC

t

vLV t  H I

at 3  bt 2  ct  d
Pj  t   a j  b j  t  t j  

5(*

natural cubic spline
function

c j t  t j   d j t  t j 
2

3

(16)

for t  t j , t j 1  and

N 1
j 1

j =1,2,…, N-1

vLV   j 1 t j H j
N

Correlation coefficients (12) and (13) were
derived by direct application of the method of
least squares, thus resulting:

t1  tI
tN  tI  tC
t j , t j 1   t I , t I  tC 



 t 
N

j 1

j

2

or vLV  H t (20)

which has to be verified numerically, and then
according to (Popescu et al., 2009),
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N
N

NH
H    j 1 cos  tC  t j   j 1 H j


N
N
N
 H  j 1 cos  tC  t j   j 1 cos 2  tC  t j   j 1 H j cos  tC  t j


process described in the introductory section
and based on solving the equation (7) and on
the integral relations (8) and (9), one has
resumed solving the cases included in (Table 1)
- column 3, at row no. 1 and 2.

Accuracy of approximating function can be
assessed using mean squared deviation,
deduced with the relationship:



 j 1  H HF  t j   H j 
N

2

 N  1 .

(22)

Spline function coefficients (16) were
determined using the following set of two
MATLAB functions:
Pp = spline(t, H), pj=fnbrk(pp,j), with j
= 1,2,…,N-1.
(23)
Since for the spline functions, the conditions
are met,
H HF  t j   Pj  t   a j  H j , for j =

1,2,…,N-1, and H HF  t N   PN 1  t N  ,

Hydrograph shaped by a linear function,
reduced form
Introducing the expression (12) of the
hydrograph (Table 2) - row no. 1, column 3, in
the equation (7) and in the integral (11), will
result, successively:

vLV th  h  0 and th  h vLV .
t

(24)

th

the expression (22) becomes:

   PN 1  t N   H N 

t

N 1 .

(21)

(25)

th

(26)

t

t

th

h vLV

H HF  d  vLV  d  0.5vLV  2
H HF  d  0.5  vLVt  h2 vLV(25)
.

(27)

Substituting expression (27) in relation (9), is
found equation (14) from work (Chiorescu et
al., 2007):

Analytical
expressions
for
existing
(in)filtration curves
To test the process of inference for the
analytical solutions of the form   h, x, t   0 ,

koz
1 2
1
1 2 2 1 koz
x  mxh
ht  vLVt 2 
h m 
(28)
0.
2
2
nd  nI 
vLV nd  nI 
 2 
the equation (7) and in the integral (11), will
Hydrograph
shaped
by
a
periodic,
result, successively:
cosinusoidal function
Introducing the expression (13) of the
hydrograph (Table 2) - row no. 2, column 3, in
H   cos  th tC   h  0 , cos  th tC    H  h   ;

sin  th tC   1   H  h   
t
th

H HF  d 

t
th

2

and th   tc   arccos  H  h    ;

i  t  |tt ;
 H   cos  t d  H |tt  t    sin
C

h

tc

Substituting expression (30) in relation (9),
leads to the same equation that would be
obtained by (Popescu et al., 2009), by

C

c

t
H h

 C  s in t
H HF  d  H t  arccos
ar

th
  
tC
 
t

(29)

tC

h

2

H h
 1
 .

  

(30)

substitution of the constant of integration C(h),
given by (29) in the general solution (26):
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1 2
1
x  mxh  m2 h 2 
2
2
(31)
2
tC
koz  tc
H h
 t tC


 t  arccos
  h  H    s in   1   H  h      0
nd  nI  
tC 



time, t, as parameter, is based on the algorithm
Analytical
expressions
proposed
for
established with the relations (7) and (8) (in)filtration curves
First we have inferred hydraulic models based
algorithm already implemented for the models
on approximating flood hydrographs with
described by the eqs. (28) and (31).
unique polynomial functions - easy to use for
expedite applications, but more precise than
Hydrograph shaped by a linear function, full
those presented in (Table 2) - row no. 1 and eq.
form
(28). Then, due to an outstanding performance
Obviously, the accuracy of the approximation
with the models for floods mitigation (Popescu,
by a linear function, full form, is at least equal
2000), we extended the process of flood
to that obtained by using the reduced form,
hydrograph
approximation
with
spline
containing the first degree term only.
functions, to the hydraulic models that
Introducing the expression (14) of the
determine the curves of (in)filtration through
hydrograph (Table 2) - row no. 3, column 3, in
earth massifs. In these cases also, the deduction
the equation (7) and in the integral (11), will
of the family of (in)filtration curves, with the
result, successively:
vLV th  H I  h  0 şi th   h  H I  vLV ;
t
th

t
th

t

H HF  d 

th

 vLV

(32)

 H I d   0.5vLV

2

 HI

t



h HI 

vLV

;

2
H HF  d  0.5 vLVt 2   h  H I  vLV   H I t   h  H I  vLV  .



(33)

Substituting expression (33) in relation (9), will finally result in:

2koz 
koz
1
1
2
 h  H I  t  vNIV t 2   m2h2 
h  HI   0
(34)

nC  nI 
vNIV nC  nI
2

A partial verification of the result, represented
the equation (7) and in the integral (11). Thus
by equation (34), is that by introducing the
the time th represents the real root from the
condition of reduced linear law, HI=0, in
following equation of the 3rd degree, with th as
equations (33) and (34), one will find,
unknown and which, in addition, meets all the
respectively, the equations (27) and (28).
conditions from inequalities (7):
x 2  2mxh 

ath3  bth2  cth  d  h  0 .

Hydrograph shaped by a polynomial of the
3rd degree
One has substituted the expression (15) of the
hydrograph (Table 2) - row no. 4, column 3, in
t

th
t
th

H HF  d 

t

th

a

3

b

2

(35)

while, at the same time, from the integral (11)
results successively:

 c  d d ;

3
2
H HF  d   t  th  a  t  th  4  b t  th  3  c t  th  2  d 



(36)

Substituting expression (36) in relation (9), will finally result in:

koz
x2
m2 h 2
a
b
c
3
2
 mxh 

 t  th  h   t  th   t  th   t  th   d   0 .
nd  nI
2
2
4
3
2
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(37)

Thus the time th represents the real root of the
following equation of the 3rd degree, with th as
unknown:

Hydrograph shaped by a cubic spline function
One has substituted the expression (16) of the
hydrograph (Table 2) - row no. 5, column 3, in
the equation (7) and in the integral (11).
a j*  b j* th  t j*  c j* th  t j*

where for the index j* , j*  ^1, 2,

2

 d j* th  t j*

, N  1` , h
(39)

thus resulting that,

th  ª¬t j* , t j*1 º¼ ,

h

0,

(38)

(40), can be obtained directly with the
following two specialized MATLAB functions:
pp=spline(t, H-h) şi t_h=fnzeros(pp,
[t_I, t_I +t_C]) .
(41)
With the substitution indicated above, for any
given time t,

is required to satisfy the condition,

h  ª¬ H j* , H j*1 º¼ .

3

(40)

t  >tk * , tk *1 @ , with j* d k * d N  1 ,

(42)
which, evidently, meets all the conditions from
and applying the additivity property on the
inequalities (7).
limits (of integration) for the definite integrals,
With the proper notations, specific to
integral (11) becomes:
MATLAB’s own language and programming
environment, such as, th=t_h, the solution for
the equation (38), which satisfies the condition
t
*
*

³th Pj* W dW , for k j
t
°
(43)
³th H HF W dW ® t j*1
tV 1
t
k *1
° ³ Pj* W dW  ¦ V j*1 ª ³ PV W dW º  ³ Pk * W dW , for k * ! j *
¬« tV
¼» tk
¯ th
Since,
u
2
3
³tV PV W dW u  tV ª«¬ aV  bV u  tV 2  cV u  tV 3  dV u  tV 4º»¼ ,
and with the notation,
2
3 º
<V u
u  tV ª« aV  bV u  tV 2  cV u  tV
3  dV u  tV
4» ,
(44)
¬
¼
the relation (43), finally, becomes:

< j* t  < j* th , for k * j *
t
°
(45)
³th HViit W dW ®< j* t j*1  < j* th  ¦ k*1 <V tV 1 < k* t , for k * ! j* .
°̄
V j *1
CASE STUDY

Obviously, according with the algorithm
presented by the equations (7) and (9) and used
in all other hydraulic models outlined above,
true relations for the filtration curves (10),
when the flood hydrograph is approximated by
the spline functions (16), are given by the eq.
(9) where the integral presents the form (45). In
order to apply the results obtained in this
section was developed the MATLAB program
Filtration_Curves _Dig2.m from (Chiorescu
et al., 2007).

Input data for this case study from the work
(Popescu et al., 2008) are taken: HD=4.55 m,
bD=4.0 m – high and width at the top of dike;
m=mAM=3.0, mAV=2.5; nd=0.35, nI=0.05,
kOZ=10.0 m/d; increasing branch of the real
flood hydrograph HHF(t) is done in (Table 3).

Table 3. Increasing branch of the real flood hydrograph

t, [d]
HHF, [m]
t, [d]
HHF, [m]

0=tI
0=HI
8
3.12

1
0.02
9
3.21

2
0.11
10
3.30

3
0.67
11
3.45
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4
1.83
12
3.70

5
2.55
13
4.06

6
2.83
14
4.20

7
2.99
15=tI+tC
4.22=Hmax

Table 4. Values for the parametrs of the approximating functions
and coresponding mean squaered deviation, σ
Approximating function

Numeric values of the parameters

1

linear eq.(12)

vLV= 0.326056 [m/d]

2

periodic, eq. (13)

3

σ
0.50905

H =2.516250 [m],

0.54461

linear, full form eq. (14)

vLV =0.301059 [m/d], HI =0.258309 [m]

0.48950

4

polynomial of the 3rd degree,
eq. (15)

a=0.000542589, b= -0.0312664,
c=0.657847,
d = -0.482789

0.31547

5

cubic spline , eq. (16)

Table 5.

-2.2933e-16

 =1.877469 [m], tC= 15 [d]

Table 5. Natural cubic spline function coefficients
j

dj

cj

bj

aj

[tj, tj+1], [d]

1

0.06171046

0.15013137

0.10842091

0.000

[0, 1]

2

0.06171046

0.03500000

-0.00671046

0.020

[1, 2]

3

0.09144771

0.22013137

0.24842091

0.110

[2, 3]

4

-0.29750131

0.49447451

0.96302680

0.670

[3, 4]

5

0.05855753

-0.39802942

1.05947189

1.830

[4, 5]

6

0.06327120

-0.22235684

0.43908561

2.550

[5, 6]

7

0.00835766

-0.03254323

0.18418563

2.830

[6, 7]

8

-0.00670000

-0.00750000

0.14420005

2.990

[7, 8]

9

0.00844978

-0.02757582

0.10912602

3.120

[8, 9]

10

0.01290274

-0.00222648

0.07932374

3.210

[9, 10]

11

-6.0734e-05

0.03648074

0.11358001

3.300

[10, 11]

12

0.02734020

0.03629953

0.18636033

3.450

[11, 12]

13

-0.09930005

0.11832012

0.34097991

3.700

[12, 13]

14

0.03986001

-0.17958003

0.27972005

4.060

[13, 14]

15

0.03986001

-0.06000000

0.04013999

4.200

[14, 15]

RESULTS AND DISCUSSIONS

algorithm applicable to any approximating
analytical function for flood hydrographs.
For validation, this new algorithm was first
tested on the cases already treated in topical
works-which led to similar results (Figure 2).
In (Figure 3) the eight infiltration curves are
represented through the study case dyke
obtained using the proposed hydraulic model
with spline function.

We found that the accuracy of the hydraulic
models that lead to the determination of the
curves of infiltration is strongly dependent on
the accuracy of approximating the flood
hydrographs with analytical function (Figure1).
After reviewing the methodologies used to
develop the hydraulic models, in a consistent
manner, we designed an original general
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Figure 1. Given flood hydrograph and its fit with 5 approximating functions

Figure 2. The validation of the proposed hydraulic model with spline function

Figure 3. The eight infiltration curves through the study case dyke obtained using
the proposed hydraulic model with spline function
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Abstract
This article briefly indicates basic definitions and determining causes (neurogenic and non-neurogenic). The survey
was accomplished in Faculty of Veterinary Medicine, Bucharest, on a total of 25 dogs between octomber

2016 and february 2017. Ultrasound was performed using Esaote Pie Medical. The clinical signs that drew
attention, were dominated by pollakiurie, stranguria (associated with the phenomena of bladder stones and
the obstructive urethral, especially in males) and hematuria (recurrent haematuria, and/or persistent,
appeared in lithiasic condition). Urinary retention has been shown to be, in most cases (62.06%) of
neurogenic origin. Proliferative parietal modifications, were consecutive to neoplasia, in form of formations
tumor type pedicle, and type diffuse infiltrative. According to our study, most common bladder disorders
detected in the ultrasound examination were the inflammatory type, especially the acute form, determined,
in a large proportion by microlithiasis and macrolithiasis.
Key words: dysuria, dogs, pollakiuria, stranguria.

A. Non-neurogenic causes:
- Lower urinary tract infections (cystitis,
urethritis);
- Inflammation of reproductive organs
(vaginitis, prostatitis);
- Prostate disorders: benign prostatic hyperplasia, intra-prostatic abscesses, paraprostatic
cysts;
- Urolithiasis - bladder, urethral;
- Neoplasms - bladder, urethra, prostate,
vagina;
- Iatrogeniccauses - bladder catheterization,
urethrostomy;
It is possible that two or more of these causes to
coexist ex. urolithiasis or neoplasms may
predispose to secondary bacterial infections
(urinary tract infections or vice versa can lead
to the formation of struvite due to alkalinisation
of urine) (Holt, 1990).

INTRODUCTION

This article has the purpose to indicate basic
definitions, determining causes and to accumulate scientific dates which are most representative from the terms of clinical aspects with
a detailed presentation of parietal modifications
suffered,viewed and diagnosed with ultrasound.
Dysuria is a urinary tract disorder which is
commonly known as painful urination and is
characterized by the frequent, straining, and,
sometimes, failure to urinate (Holt, 2008)
Typically dysuria isassociated with stranguria
and pollakuria (Holt, 2008 )
Stranguria represents a slow urinary discharge
with effort, accompanied by pain - in the form
of drops or by eliminating a very thin jet
(Newman, et al., 2014)
Pollakiuria consists in eliminating urine
frequently, but in small amounts, so the
distinction being made towards polyuria
(associated with an increased urine volume)
(Holt, 2008).
Disorders related to the act of micturition
presents a series of possible causes that can
have the following origins:
A. non-neurogenic
B. neurogenic

B. Neurogenic causes:
Consist in:
- Damage of lower motor neurons;
- Affecting the upper motor neurons;
- Detrusor sphincter dyssynergia.
Affecting the lower motor neurons, causes
atonic bladder by damaging the spinal cord or
pelvic nerve in the sacral area, including disc
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herniation, equina syndrome, sacroiliac sprains
and tumors (e.g. Lymphoma of the spinal
cord).This type of disorder causes areflexia,
both to detrusor sphincter, and to the bladder,
the bladder is atonic, relaxed and eliminates
urine easily(Lin et al., 2010).
Affecting the upper motor neurons (bladder
automatism) occurs after spinal cord injuries
above the sacral segment (above the L5
vertebral body), such as disc herniation, tumors,
trauma, meningitis, brain damage (Ross, 1956).
These injuries cause detrusor contraction
and incomplete spasm of the sphincter,
resulting in incomplete emptying of the bladder
(Ross, 1956).
Voluntary control of urination is absent, and
manual expression of urine is difficult, with the
risk of bladder rupture (Ross, 1956).
The bladder is distended, turgid and paresis or
paralysis occurs simultaneously on hindquarters
(Ross, 1956).
Detrusor sphincter dyssynergia represents lack
of coordination between detrusor activity and
the bladder sphincter resulting in involuntary
contraction
of
the
external
urethral
sphincteralong with smooth muscle contraction
of the bladder neck and proximal urethra. The
causes are the reticulospinal tract lesions
(Codreanu, 2016).

Storing and analyzing the image obtained was
performed with the computer programs
morphometry software.
RESULTS AND DISCUSSIONS
The study conducted (clinical data associated
with history of the animal), indicated that
urinary symptoms that have attracted attention
of the owners, of the lower urinary tract disease
were urinating in inappropriate places,
stranguria, pollakiuria and hematuria.
The diseases encountered of the bladder were
definitely dominated by local inflammatory
phenomena, order acute or chronic, followed by
lithiasic (microlithiasis and calculus).
Macroscopic hematuria was the most frequently
recorded, and rarely occult (microscopic).
Microscopic hematuria was recorded constantly
at animals with polakiurie and dysuria
associated with inflammatory phenomena
evolution.
Cases of urinary retention have evolved either
with inflamatory parietal changes (5 cases out
of 17) or with sedimentoza or bladder calculus
(2 cases out of 5), or both, with a tumor
formation (Table 1).
Table 1. The distribution of cases by diagnosis of the
disease with ultrasound (Original)

MATERIALS AND METHODS
Clinical investigations, ultrasound and curative
methodes described herein were performed in
the Clinic of Medical Pathology, Faculty of
Veterinary Medicine, Bucharest, on a total of
25 dogsof various breeds and ages in a period
range between octomber 2016 and february
2017.
Haematological, biochemical and urine tests
were conducted in the Laboratory Clinics,
belonging to the Faculty of Veterinary
Medicine.
Clinical examination consisted of inspection
and palpation transabdominal bladder, rectal
thermometry and physical examination of
urine, the smell, color and transparency of
urine.
Ultrasound was performed using Esaote Pie
Medical, mode B-mode (two-dimensional)
probe convex / microconvexe or linear
frequency range MHz 5:18.

Type
of condition

Number of
cases diagnosed
with ultrasound

Nr. of cases
associated with
each condition of
total cases

Acute cystitis

11

44%

Chronic cystitis

6

24%

Urolithiasis/stones

5

20%

Tumors

3

12%

Total

25

100%

Urinary retention

8

36%

Recurrent haematuria, and/or persistent,
appeared in the evolution of lithiasic condition
in 73.51% of cases, either in the phenomena of
the neoplastic type. In the same time, 11 of 12
cases of bladder cancer were presented with
recurrent hematuria.
Stranguria was present constantly in direct
association with the phenomena of bladder
stones and the obstructive urethral, especially in
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males (97.81% of cases), in females was
associated with the development of a tumor
process in the bladder and only in 2 cases with
multiple bladder stones.
Consecutive of these results it can be seen that
a significant proportion of dogs that have been
diagnosed with ultrasound with a primary
lesion, shows an overlap of two or more
morbidprocesses, evolving simultaneously.
In this regard, following ultrasound results, we
found that a significant number of patients had
a combination of at least two lesions in the
bladder.
We also encountered a association in 44% of
cases (11 cases out of 25), of the phenomena
lithiasic with inflammation, the probability of
evolving separately as single entity, each of the
two pathological processes, is very low, in the
case of bladder stones, but with maximum in
the case of cystitis, particularly of acute (11
cases out of 25).Also the cases that presented
urinary retention associated with bladder
stones, both were males, proving the actual
existence of the problem of high frequency of
urethral blockage on males due to the
anatomical peculiarities of the urethra.
Urinary retention has been shown to be, in most
cases (62.06%) of neurogenic origin
respectively consecutive the paralysis of the
bladder with different etiology (18 cases out of
29). At a percentage of 37.94%, urinary
retention it was determined by obstructive
phenomena in the urethra, respectively urethral
calculus.
Of the 49 cases with urinary stones, 21 were
assessed after ultrasound examination, as the
type microlithiasis (42.85%), respectively a
total of 28 dogs were diagnosed with
macrolithiasis (57.15%).
Parietal modifications, identified in the
ultrasound examination, were predominantly
type-infiltration,
with
uniform
aspect,
maintaining the architecture of the parietal
specific and were not affected the deeper
layers, indicating the existence of a acute
inflammatory phenomenon (51 cases out of 77,
of
which
39.27%
were
consecutive
microlithiasis) and also an inconstant aspect,
type scleroatrophic, with loss of parietal
specific architecture and with deep layers
affected (26 cases out of 77, of which 57.69%
were consecutive macrolitihiasis).

Proliferative parietal modifications, were
consecutive to neoplasia, were at a percentage
of 44.44% (4 cases out of 12), in form of
formations tumor type pedicle,and a rate of
66.66% of type diffuse infiltrative with
thickening of the parietal and loss of specific
parietal stratification (8 cases out of 12) in the
form of tumor proliferation of sessile type.
The following are ultrasound images, considered to be representative of all cases presented
and fully evaluated, each is accompanied by an
interpretation.
We chose, for each diagnosis established with
the help of ultrasound a number of 12 photos.
In regard to dysuria determined by nonneurogenic causes we decided to attach in this
article, a number of 10 ultrasound pictures
(Figures 1-10).

Figure 1. Acute cystitis. Thickening of wall bladder
(reaction - type uniform, maintaining the parietal
specific architecture). Numerous corpuscular
elements in suspension and sediment (Original)

Figure 2. Bladder stones - secondary cystitis.
Intravesical are identified echogenic mass, well
defined, accompanied by artefactual phenomenon
specific distal enhancement. Important parietal
reaction (secondary cystitis) (Original)
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Figure 6. Urinary retention, type mechanical is identified a mass tissue that reflects and compresses
the bladder neck and generates urinary stasis(Original)

Figure 3. Chronic cystitis. Global damage to the
bladder wall, dominated by uniform thickening of
the wall. The content presents rare corpuscular
elements in suspension. Obvious distal
enhancement phenomena (Original)

Figure 7. Urinary retention and intraprostatic
urethral distension. Intraprostatic hemochist
(right side of image) with urinary retention, relaxed and
hypotonic aspect of intraprostatic urethra (Original)

Figure 4. Bladder tumor. Parietal thickening (7.3 mm),
uneven loss of specific architecture. The presence of a
pedicle formations, with echogenic appearance and
irregular outline. Urine with increased cellularity
(hematuric aspect) (Original)

Figure 8. Suspected bladder tumor. Patchy parietal
thickening type (loss parietal architecture specific) Suspected bladder tumor (sessile). Urine with many
particles in suspension, without tendency to
sedimentation (Original)

Figure 5. Bladder tumors. Sesil type with parietal
hyperecougenous and obvious tendency to invade
intralumenal. The content is uniform anechogenic
with distal enhancement (Original)
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Figure 9. Giant bladder stone, urine echogenic.
highly echogenic mass (hyperechoic) localised
intraluminal (2.23 cm). Many corpuscular elements in
suspension - no tendency to sedimentation (Original)

Figure 12. Urinary retention, posttraumatic
chronic cystitis. Distended bladder by abundant
content, corpuscular elements in suspension
(echogenic mass, without tendency to sedimentation),
parietal thickening, hypotonic aspect (Original)

CONCLUSIONS
Clinical investigations and ultrasounds in
canine bladderaffections, captured a wide range
of pathological processes expressing dysuria,
associated with inflammatory, lithiasic and
neoplastic disorders.
The clinical signs that drew attention, were dominated by pollakiurie, stranguria and hematuria, therefore ultrasound investigations have
been conducted in order to confirm and
assessing the degree, type and extension of
pathological process.
Pollakiuria was clinical dominant in acute
cystitis, accompanied by changes in the urine
(terminal hematuria and the presence in urine
sediment of the urothelial cells) and specific
behavior changes.
Hematuria recurrent and/or persistent consistently been associated with the existence of
phenomena lithiasic and neoplastic.
Stranguria was associated in males with bladder
stones and urinary retention phenomena,
determined by urethral obstruction, expressing
with urinary retention (mechanical, spastic and
paralytic).
According to our study, most common bladder
disorders detected in the ultrasound examination were the inflammatory type, especially
the acute form, determined, in a large proportion by microlithiasis and macrolithiasis.

Figure 10. Tumor bladder. Obvious parietal
thickening with diffuse infiltrative appearance,
accompanied by loss of parietal specific architecture.
Lumen bladder is invaded by an echogenic mass with
starting point parietal (Original)

Concerning the dysuria provoked by
neurogenic causes we present 2 ecographic
images (Figures 11-12).

Figure 11. Acute cystitis. Paralytic retention. Hypotonic
aspect, obvious parietal reaction (parietal thickening),
increased cellularity (urine echogenic) (Original)
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Abstract
Acidic rain has received increasing interest due to the raising emissions of SO2 and NOx which determine a decrease of
rain water pH under 5. The influence of such water deposition on plants leaf includes necrosis and nutrient losses. In
this study the influence of simulated acidic rain on Phaseolus vulgaris L plants has been studied. In order to simulate
the acidic rain, we used three different pH values (4, 4.5 and 5) of sulphuric acid solution which could occurred in the
nature. The photosynthetic parameters decrease in the first 24 hours after stress application but recovered at the initial
values after but only in the case of an acidic rain with pH higher than 5. The green leaf volatiles emission scale with
strength stress and terpenes emission has been shown to have some protective effect. The visible symptoms of damage
(chlorosis and necrosis) have been highlighted using light microscopy.
Key words: acidic rain, terpenes, photosynthesis, Phaseolus vulgaris L.

INTRODUCTION

Even more it have been demonstrated that two
species Q. alba and A. rubrum react different to
acidic pH but acidic deposition could also play
an important role in determining future species
ranges (Medeiros et al., 2016). In a previous
paper, it has been demonstrated that acidic rain
induced oxidative stress related to membrane
damage but did not cause irreversible changes
(Velikova et al., 2000). Oxidative stress could
induce emission of volatile organic compounds
as green leaf volatiles which are formed in a
process where free octadecanoid fatty acids are
released
from
plant
membranes
by
phospholipases (Matsui, 2006) and terpenes
formed in 2-C-methyl-D-erythritol 4-phosphate
pathway (Baldwin et al., 2006). Such emission
has been shown for other oxidative stress as
ozone, drought or flooding (Copolovici and
Niinemets, 2016; Mochizuki et al., 2017; Yuan
et al., 2016).
In the same direction oxidative stress decrease
photosynthetic parameters including assimilation rate and stomatal conductance
(Copolovici and Niinemets, 2010)
The aim of the present paper was to investigate
the effect of simulated acidic rain with different
values of pH on volatile organic compounds
and photosynthetic parameters.

Acidic rain is one of the severest problems
which affect the ecosystems which occur in
Europa, North America and China (Rodhe et
al., 2002). Burton and Aherne (2012) have been
shown a high sulphate deposition in small lakes
from Ireland. Furthermore, due to the protocol
of Convention on Long-range Transboundary
Air Pollution the concentrations of different
acidic ions decrease in the US and all European
country (see Lajtha and Jones, 2013, for an
overview). On the other hand, acidic deposition
in East Asia increased in the last years, large
regions from South and East China being
strong affected since 2010 (Duan et al., 2011).
In Taiwan, a survey from 1991 to 2006
indicated that the rain water pH had been
around 4.5 (Lu, 2007).
Plants suffer from acidic rain not only visible
damage as necrosis or chlorosis but also
invisible ones as nutrient loss from leaves
epicuticular wax destruction or photosynthesis
alteration (Oguntimehin et al., 2010). Low
value of the soil pH could decrease the plants
grow (Reid and Watmough, 2014) and lowers
evapotranspiration of different trees (Green et
al., 2013).
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MATERIALS AND METHODS

Photosynthetic parameters
The photosynthetic parameters decreased
drastically after plants have been sprayed with
acidic solutions of pH 4 and 4.5. After 2 hours
assimilation rates recovered at the initial values
(see Figure 1 for plants sprayed with acidic
water at pH 4) while stomata conductance
increased at higher values.
-2

-1

Assimilation rate (nmol m s )

For measurements bean plants Phaseolus
vulgaris L. (Minodor, Agrosel Campia Turzii)
has been grown in the laboratory for 3 weeks
under artificial light intensity of 300 µmol
m-2 s-1. Period light / dark was 12-12 hours and
the temperature 25oC. To simulate acid rain,
three solutions of H2SO4 were prepared at pH 4;
4.5 and 5 respectively.
Every plant has been sprayed with
corresponded acidic solution one time and the
controls plants have been sprayed with distill
water.
Photosynthetic characteristics were determined
with a portable gas exchange system GFS-3000
(Waltz, Effeltrich, Germany) as described in
(Niinemets et al., 2010). Volatile organic
compounds (VOC) were sampled via the outlet
of the gas-exchange cuvette in a multibead
stainless steel cartridge filled with different
carbotraps.
The adsorbent cartridges were analyzed for
green leaf volatiles, (GLV) and terpenes using
a Shimadzu TD20 automated cartridge desorber
integrated with a Shimadzu 2010 Plus GC-MS
instrument (Shimadzu Corporation, Kyoto,
Japan) using a method described in (Kannaste
et al., 2014).
Fresh leaves from several plants were
visualized with methylene blue staining by
using an Axio Scope A1 light microscope
equipped with Axio Cam MRc 5, ZEN lite
2012 software (Zeiss, Germany). at magnification 5x.

3.0
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2.0

Plant sprayed with
acidic water pH 4

1.5
1.0
0.5
0.0

Stomatal conductance
-2 -1
(mol m s )

60
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Plant sprayed with
acidic water pH 4

0

0
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200

250

Time (min.)

Figure 1. Evolution of photosynthetic parameters of
plants sprayed with acidic water at pH 4

Even more, assimilation rate and stomatal
conductance at 48 hours and 7 days after
treatment with pH 4.5 and 5 recovered at the
initial values.
The influence of light on stomatal conductance
and assimilation rate have been show that
plants which suffer from an episode of acidic
rain are more sensitive to light than control
(Figure 2).

RESULTS AND DISCUSSIONS

-2

-1

Assimilation rate (mol m s )

Germination tests
The tests were carried out on the seed
germination of Phaseolus vulgaris L. in both
water and soultions with various pH values. It
could be observe that the number of seeds that
germinate decreases with the increasing of
acidity (Tabel 1).
Table 1. The seeds of Phaseolus vulgaris L.
germinated in environments with various pHs
Treatments
Control
pH 5
pH 4.5
pH 4

3.5

% of seeds germination
100
100
10%
0%
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4
3
2
1
0
-1

control
pH5
pH4.5

emissions of monoterpenes do not depend by
pH being significantly increased for all plants
under stress (Figure 4).

50

Plants microscopy
All leaves have been inoculated with methylene
blue for a better visualisation of necrosis
(Figure 5).
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Figure 2. The influence of light on photosynthetic
parameters
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Volatile organic compounds emission
Sprayed plants with acidic water have been
monitored for 168 hours. The emission of
volatile organic compounds depends on the
time with a maximum at 1 hour (Figure 3).
The emission decreased after 2 days those we
could presume that the formation of volatile
compounds could be associate with a protection
response of the plants.
0.5

1.0

-1

PAR (mol m s )

0.8

3-hexen-al
monoterpene

0.6
0.4
0.2
0.0

control

pH 5

pH 4.5

pH 4

Figure 4. The emission of volatile organic compounds
after 2 hours of acidic rain sprayed
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Time (h)
Figure 3. Emission rate of different volatile organic
compounds from Phaseolus vulgaris L. leaves after
spraying with acidic water at pH 4.5

c)
d)
Figure 5. Microscopically samples for Phaseolus
vulgaris L. after treatment with a) water (control);
b) pH = 5; c) pH = 4.5; d) pH = 4

The relatively high concentrations of 3-hexenal appeared at the beginning of the period of
stress could be due to the cell membrane
destruction associated with activation of
lipoxygenase pathway.
Furthermore, the emission of different volatiles
could be associated with a stress signal (see
Copolovici and Niinemets, 2016).
The emission of green leaf compounds
increases with increasing of plant stress
strength (pH becomes more acid) while total

The blue area (which corresponds to dead cells)
is bigger for plants which have been treated
with solution with pH 4 but even at pH 5 there
are spots with necrosis.
CONCLUSIONS
It have been showed that photosynthesis
parameter values decreased in the first hours
after applying the stress then recovered
completely after 24 hours.
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The emission of green leaf volatiles increases
with the intensity of stress (a lower value of
pH) while total monoterpenes are not affected
by stress strength.
Microscopic evidence shows that there are a
number of cells in areas where acidic rain drops
have fall even with pH 5.
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Abstract
The threats of diseases against forests, together with climatic factors, are of highest concern worldwide. In common
oak, powdery mildew is one of the most harmful diseases. In Romania, it is considered to be produced by Microsphaera
abbreviata Peck sin. Erysiphe abbreviata Peck. In our trial, we aimed to test the influence of temperature, air relative
humidity, and wind velocity characteristic for two areas in Cluj and Maramureș Counties; we tested their influence on
the Microsphaera abbreviata Peck attack upon common oak and we quantified the relationships identified between the
mentioned climatic factors and the Microsphaera abbreviata Peck attack degree between May 15thand June 14th
2016.Within that period, the Microsphaera abbreviata Peck attack was reported in both experimental fields. A larger
mean attack degree and share of attacked oak trees were found in the experimental forest located in Maramureș
County, compared to the reports from the experimental oak forest located in Cluj County. The results of our research
emphasized the interrelationships between the considered environmental parameters and the Microsphaera abbreviata
Peck attack degree on oak trees. The quantification of these relationships showed stronger values in the experimental
field located in Cluj County, compared to the experimental field located in Maramureș County.
Key words: air relative humidity, Erysiphe abbreviata Peck, statistics, temperature, wind velocity.

INTRODUCTION
The occurrence of the powdery mildew
infections is one of the concerns regarding the
health status of the oak forests not only
worldwide but also in Romania (Copolovici et
al., 2014; Man et al., 2012; Marçais and
Desprez – Loustau, 2014). The disease has
become more effective when abiotic stressors
such as high temperature, increased relative
humidity and poor air circulation characterize
the concerned environment.The disease may be
easily identified because of its distinctive traits
(white powdery patches) on oak leaves, shoots,
stems, buds, or flowers (Dillan et al., 2017).
Research shows that oak is the host of a high
diversity of powdery mildew pathogens caused
by Erysiphe spp. In Romania, the disease is
considered to be caused by Microsphaera
abbreviata Peck sin. Erysiphe abbreviata Peck
(Braun et al., 2007; Dillan et al., 2017;
Rossman and Palm – Hernández, 2008).
Our research was developed in order to test the
Microsphaera abbreviata Peck attack upon
common oak (Quercus robur L.) under the
influence of temperature, air relative humidity,

Forest productivity continues to remain a
highly appreciated whish for all those
concerned. In this context, the threats of forest
pests and pathogens, together with those
brought by climatic changes, constitutes a
broad range of subjects to be investigated
(Bontemps and Bouriaud, 2014; Lindner et al.,
2010; Sturrock et al., 2011).
Even though climate may be defined as a
statistical picture of the evolutions of
temperature, wind, air relative humidity,
precipitations, etc. over a typically 30 years
period (Pachauri and Reisinger, 2007), it has
become a common place to express the
evolutions of different pathogens and mites
virulence in terms of temperature, wind, air
relative humidity, etc., considered as climatic
traits for a shorter period of time.
Because common oak (Quercus robur L.)
provides not only beautiful landscapes but also
wood for different lucrative aims and feeding
for mammals and birds thate at the acorn,
special concern is focused on the health status
of the oak forests.
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and wind velocity characteristic for two
Transylvanian areas located in Cluj and
Maramureș Counties. In the meantime, we
conducted our trial with the aim of quantify the
relationships identified between temperature,
air relative humidity, wind velocity, and the
Microsphaera abbreviata Peck attack degree.

order to calculate the basic statistical
parameters for temperature, air relative
humidity, wind velocity, and Microsphaera
abbreviata Peck attack degrees - means,
standard errors of means, standard deviations
and coefficients of variation, respectively. The
significance of differences between the above
mentioned parameters reported in the
experimental areas was tested by using the “t”
test (Student test) at a confidence interval of
95%. The distributions of Microsphaera
abbreviata Peck attack degrees in the
experimental areas were revealed by using the
Box-plot diagrams. The response area graphic
representations and multiple regression options
were selected in order to emphasize the
interrelationships
between
environmental
temperature, air relative humidity and wind
velocity on one hand, and the Microsphaera
abbreviata Peck attack degrees on the other
hand.

MATERIALS AND METHODS
The study area
Research was conducted in two counties of the
Romanian region Transylvania, Cluj and
Maramureș, respectively, for one month period,
between May 15thand June 14th, 2016. The oak
forests with trees aged of 30 years, were
monitored in both experimental areas. They
were located in Production Unity II,
arrangement unit 5A (46° 46’ N, and 23° 35’
E), Cluj County, and in Production Unity IV,
arrangement unit 34 (47° 30’ N, and 23° 28’
E), Maramureș County.
Biological material
Our study focuses on the common oak
(Quercus robur L.). 50 oak trees were
randomly selected from each experimental area
located in the forests of Cluj and Maramureș
Counties in order to study the attack of
Microsphaera abbreviata Peck that causes the
powdery mildew disease.
Methodology
Circular sample areas were considered in order
to collect raw data on the Microsphaera
abbreviate Peck attack degrees, and the number
of concerned trees (Methodology for
Monitoring Soil – Forestry Vegetation for
Forestry,
2002).
We
developed
the
observational study of the attack intensity and
frequency two times by week, and we
calculated the attack degree (Oroian, 2008).
The climatic factors taken into study in this
research, i.e. temperature, air relative humidity,
and wind velocity, were automatically recorded
with mobile monitoring stations WG – GP1
type, from Delta-T Devices Ltd. UK.
One station was placed in each experimental
field, and the data were collected at three days’
intervals.
Statistical analysis
STATISTICA v.8.0 for Windows was the
software package used for data processing. The
descriptive statistics option was implemented in

RESULTS AND DISCUSSIONS
During the experimental period (May 15th –
June 14th 2016), in theforests located in Cluj
County,the descriptive statistics emphasized a
mean temperature of 16.03°C, mean air relative
humidity of 68.84%, and mean wind velocity of
7.74 m/s, while during the same period, in the
experimental areal located in Maramureș
County, the concerned climatic parameters
reached the following means: temperature –
16.84°C, relative air humidity - 69.32%, and
wind velocity – 7.16 m/s (Table 1).
In both the experimental areas, the dispersion
parameters emphasized a normal distribution of
data. In terms of temperature and air relative
humidity, the values of the variability (CV%)
suggested good data homogeneity and
representativeness of the means. Concerning
wind velocity, even though the values of
variability (23.34% for the experimental areal
located in the Cluj County, and 29.53 % for the
experimental areal located in the Maramureș
County) emphasized only a moderate data
homogeneity, the means were representative
(Table 1).
The increase of powdery mildew incidence in
the studied trees, with an increase of mean in
the environmental temperature, which was over
16°C, was an observation consistent with data
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from literature (Desprez-Lousteau et al., 2016
a; Desprez-Lousteau et al., 2016 b).
Even though all analyzed climatic parameters
differed from one region to another, the
differences were not statistically assured at the
significance threshold of 5% (Table 1).
The powdery Microsphaera abbreviata Pecksin.
Erysiphe abbreviata Peck, expressed by the
entire experimental period in the monitored

area, was more effective in the oak
experimental field located in the forest of
Maramureș County, where 14 trees (28%) of
the total of 50 monitored were attacked,
compared to the oak experimental field located
in the forest monitored in Cluj County.
Thus, in the latter, there were only 11 attacked
trees, i.e. 22% of the total of 50 monitored
(Figure 1).

Table 1. Descriptive statistics for some climatic factors affecting Microsphaera abbreviata Peck attack
on oak forests located in Cluj and Maramureș Counties May 15th – June 14th, 2016
Cluj County
Maramureș County
H, %
vwind m/s
t, °C
H, %
vwind m/s
31
31
31
31
31
68.84ns
7.74 ns
16.84
69.32
7.16
1.85
0.32
0.53
2.28
0.38
10.30
1.81
2.93
12.71
2.11
53.00
5.00
10.00
49.00
5.00
92.00
13.00
21.00
97.00
13.00
14.96
23.34
17.42
18.34
29.53
T – temperature, H – air relative humidity; vwind – wind velocity.
Issue
N
ܺത
ݏത
s
Min.
Max.
CV%

t, °C
31
16.03ns
0.49
2.73
10.00
20.00
17.00

p
(t, °C)

p
(H, %)

p
(Vwind m/s)

0.691

0.254

0.393

AD, %

N – number of cases; ܺത െmean; s – standard deviation; ݏത – standard error of mean; CV% – coefficient of variation; Min. –
minimum value; Max. – maximum value; p – probability; ns – p > 0.05.
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Figure 1. Share of the oak trees attacked by Microsphaera abbreviata L. in forests located in Cluj and Maramureș
Counties, May 15th – June 14th, 2016

The mean value of 31.6% was reported for the
Microsphaera abbreviata Peck mean attack
degree in the experimental field located in the
Cluj County, and 33.86% in the experimental
field located in Maramureș County, but the
differences between these attack degrees were
not statistically assured at the significance
threshold of 5% (Figure 2).

We also noted that larger dispersion and
variability (CV = 22.96%) were reported in the
experimental field located in Cluj County,
compared to the experimental field located in
Maramureș County where smaller dispersion
and variability (CV = 13.76%) were
emphasized (Figure 2).
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Var 11 –Microsphaera abbreviatta L. mean attack degree in oak forest of Cluj County
Var 12 –Microsphaera abbreviatta L. mean attack degree in oak forest of Maramureș County
N – number of cases; ܺത െmean; s – standard deviation; ݏത – standard error of mean; CV% – coefficient of variation; Min. –
minimum value; Max. – maximum value; DF – degrees of freedom; p – probability; ns – p > 0.05.

Figure 2. Box-plot diagram for the Microsphaera abbreviata Peck attack degree
in the oak forests located in Cluj and MaramureșCounties, May 15th – June 14th, 2016

In the experimental field located in Cluj
County, a moderate to strong interrelationship
was established between the Microsphaera
abbreviata Peck attack degree, environmental
temperature, and relative air humidity,
emphasized by the coefficient of multiple
correlation (R = 0.672). This interrelation was
representative for 45.20% of the experimental
field. Both temperature and relative air
humidity had positive influence upon the attack
of the powdery mildew, with temperature at a
higher extent, compared to relative air
humidity.
The
highest
Microsphaera
abbreviata Peck sin. Erysiphe abbreviata Peck
attack degrees, over 55%, may be reported in
the temperature interval of 11–14°C and air
relative humidity over 72%, and also for
temperatures over 18°C and air relative
humidity with values within the interval of 6066% (Figure 3a). These results were consistent
with those cited by Marçais and Desprez –
Loustau (2014).
Between the Microsphaera abbreviata Peck
attack degree, environmental temperature, and
wind velocity, moderate to strong correlation
was emphasized by the coefficient of multiple

correlation (R = 0.651). This interrelation was
representative for 42.40% of the experimental
field. Similarly to the previous analysis
concerning the influence of temperature and
relative air humidity upon the Microsphaera
abbreviata Peck attack degree on oak trees,
temperature and wind velocity also had positive
influence upon the attack of the Microsphaera
abbreviata Peck, with temperature at a higher
extent, compared to relative air humidity.
Microsphaera abbreviata Peck attack degrees
over 40% may be reported in the temperature
interval of 13–15°C and wind velocity within
the interval of 5–8 m/s, and also for
temperatures within the interval of 13.5 –
16.5°C and wind velocity over 11 m/s (Figure
3b).
Concerning the experimental field located in
Maramureș County, we found a moderate
interrelationship
between
environmental
temperature, relative air humidity, and the
Microsphaera abbreviata Peck attack degree.
The relationship was reflected by the
coefficient of multiple correlations, of R =
0.536, which was representative for 28.80% of
the experimental field.
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AD(%) = 16.781 + 0.823 t (°C) +0.512 H (%)
R = 0.672; R2 = 0.452

AD(%) = 13.779 + 0.548 t (°C) +0.383 H (%)
R = 0.651; R2 = 0.424

Var 1 – temperature, °C; Var 2 – relative air humidity, %.
a – Cluj County

Var 1 – temperature, °C; Var 3 – wind velocity, m/s.
b – Cluj County

AD(%) = 10.825 + 0.536 t (°C) +0.212 H (%)
R = 0.536; R2 = 0.288

AD(%) = 19.259 + 0.480 t (°C) +0.332 H (%)
R = 0.488; R2 = 0.239

Var5 – temperature, °C; Var 6 – relative air humidity, %.
c – Maramureș County

Var5 – temperature, °C; Var 7 – wind velocity, m/s.
d – Maramureș County

Figure 3. Response area plots emphasizing the relationships established between temperature,
air relative humidity, wind velocity, and theMicrosphaera abbreviata Peck attack degrees in the oak forests
located in Cluj and Maramureș Counties, May 15th – June 14th, 2016

The influence of temperature and relative air
humidity upon the Microsphaera abbreviata
Peck attack was positive. Temperature had
bigger contribution to powdery mildew attack
degree, compared to relative air humidity.
Highest Microsphaera abbreviata Peck attack
degrees, over 55%, may be reported in the
temperature interval of 8–12°C and air relative
humidity within the interval of 54-58%,
and also for temperatures within the interval of

14-16°C and air relative humidity with values
over 81% (Figure 3c).
The
interrelationship
between
the
Microsphaera abbreviata Peck attack degree in
the experimental field locate din Maramureș
County, environmental temperature, and wind
velocity was moderate, being emphasized by
the coefficient of multiple correlations, of R =
0.488, which had a representativeness of
23.90%. Temperature and wind velocity had
positive influence upon the Microsphaera
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CONCLUSIONS
Within the experimental period, May 15th –
June 14th 2016, the Microsphaera abbreviata
Peck attack was reported in both experimental
fields.
Larger mean attack degree (33.86%), and larger
share of attacked oak trees (28%) were found in
the experimental oak forest located in
Maramureș County, characterized by larger
means of temperature (16.03°C) and air relative
humidity (68.84%), but lower wind velocity
(7.74 m/s), compared to reports from the
experimental oak forest located in Cluj County,
where the mean attack degree (31.36%), share
of attacked oak trees (28%), mean temperature
(16.03°C), and air relative humidity (68.84%)
were smaller, while wind velocity (7.74 m/s)
was larger.
Our research provides evidence of the
interrelationships
between
environmental
temperature, air relative humidity and wind
velocity upon the intensity and frequency of the
Microsphaera abbreviata Peck attack on the
oak trees from forests located in specific
Transylvanian climatic conditions.
Stronger relationships were emphasized in the
experimental field located in Cluj County,
characterized by lower mean temperature, air
relative humidity, wind velocity, and
Microsphaera abbreviata Peck attack degree,
compared to the experimental field located in
Maramureș County.
Further research is neededto clarify these
mechanisms which represent the basis of the
influence of climatic factors upon the intensity
and frequency of Microsphaera abbreviata
Peck attack on oak trees.
82

AgroLife Scientific Journal - Volume 6, Number 2, 2017
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

THE INFLUENCE OF Rhizobium INOCULATION
AND NITROGEN/MOLYBDENUM FERTILIZATION
ON THE GROWTH CHARACTERISTICS OF RED CLOVER
Niculae DINCĂ1, Daniel DUNEA2
1

University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd.,
District 1, 011464, Bucharest, Romania
2
Valahia University of Targoviste, Campus, Aleea Sinaia no.13, RO-130004, Targoviste, Romania
Corresponding author email: dan.dunea@valahia.ro
Abstract
This paper presents the individual and combined effects of inoculation and nitrogen (N)/molybdenum (Mo) fertilization
(8 treatments) on the biological efficiency of red clover in controlled conditions. The rationale of the study was to
establish the influence of Mo on the biological efficiency of red clover in the presence or the absence of N fertilization
and inoculation of Rhizobium leguminosarum biovar. trifolii, and whether the results can lead to the improvement of
classical crop technologies and the fertilization plan for obtaining superior forage yields. The effects of the treatments
were evaluated using 5 replicatesbased on the average height, the dry weight, the density and the number of nodules on
the roots of the red clover plants. Diploid cultivar Violettawas seeded in vegetation pots with the same amount of seeds
and maintained 60 days in controlled conditions of a growth chamber. In the inoculation variants (5-8), the seeds were
bacterized with R. trifolii-treated strains using the Nitragin® product (B type) using 7.5 g Nitragin/kg clover seed,
dissolved in about 25 mL cold water. After pre-homogenization of the seed in the resulting solution, it was sown with
the same quantity in all the repetitions of the variants. The bacterial solution contains at least 100 million viable
cells g-1 of R. trifolii. Nitric fertilization was done with ammonium nitrate (34.5% N) supplied prior to sowing in an
equivalent dose of 100 kg N ha-1. Molybdenum (0.02 Mo) was supplied using a uniform foliar spraying with three
applications. Descending ranking and multiple comparisons (Duncan test) of treatments were performed. The seed
inoculation, without nitrogen fertilization provided relatively equivalent biomass yieldsto fertilized variants. Foliar
fertilization with molybdenum did not determine higher dry weight amounts, but when combined with nitrogen
established significant amounts of dry matter per plant. From the yield formation point of view, the variants in which a
large number of nodules were formed did not correlate positively with dry matter accumulation; however, they can
have a particular importance in improving the reserves of assimilable nitrogen available in the soil.
Key words: red clover, inoculation, molybdenum fertilization, morphological traits, controlled conditions.

INTRODUCTION

activity of molecular N fixation are negatively
influenced when N is available in large
quantities for leguminous plants (Streeter,
1988; Motcă et al., 1994; Dunea, 2006).
Experiences in controlled environments have
pointed out that N reduces both the biomass of
nodules on the plant and N fixation rates in
relation with plant biomass or its roots (Boller
and Nosberger, 1987; Hellsten and HussDanell, 2001; Carlsson, 2005).
In contrast to N fertilization, several
researchers (Fedorova, 1984; Collins and Lang,
1985; Chalamet et al., 1987, cited by Taylor
and Quesenberry, 1996) have reported the
beneficial effect of molybdenum (Mo) on
nitrogenase activity and the growth of forage
yield. Mo is important in the metabolism of N
in legumes. By ensuring Mo for the plant

Red clover (Trifolium pratense L.) is one of the
most valuable forage species from temperate
regions providing benefits to the soil improving
characteristics. It is well known that the
symbiosis of red clover and various Rhizobium
strains produces large quantities of nitrogen (N)
in soil (Bărbulescu et al., 1991). The
approximated amount of fixed N varied
between 76 and 389 kg ha-1 in the various
locations at global level (Taylor and
Quesenberry, 1996). Detailed discussions
regarding the Rhizobium relationships in red
clover can be found in Burton (1985) and
Taylor and Quesenberry (1996).
Experimental research has shown that the
formation of root nodules and the symbiotic
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growth process is often disproportionate to
plant requirements for this microelement. Of
the essential microelements, except for copper
(Cu), Mo is found in most plant tissues in very
small quantities. To compensate for Mo
deficiency and to ensure effective Mo enzyme
activity, foliar fertilization with this mineral
element is often recommended (Dunea and
Dincă, 2014).
The nitrogenase of the symbiotic bacteria
enzyme is composed of two subunits, of which
the MoFe protein is directly involved in the
reduction of N2 to NH3 (Kaiser et al., 2005). In
order to maintain the symbiotic activity in these
species, the provision of Mo and iron (Fe) in
bacteroids is a key regulatory component. The
molybdates provided by the plant must cross
the cell membranes of the node as well as the
bacteroid membranes (external and internal) to
reach the bacterial nitrogenous complex (Kaiser
et al., 2005).
The control mechanism of the molybdates
transport in the nodules is mostly unknown.
However, a positive correlation was found
between the development of nodules and Mo
availability (Anderson, 1956). The tendency of
legumes to maintain a high concentration of
Mo in the nodules was experimentally
determined (Hewitt and Bolle-Jones, 1952). Mo
partitioning was predominantly directed
towards the nodules and reproductive organs
compared to othertissues of the plant (Gurley
and Giddens, 1969, Franco and Munns, 1981,
Ishizuka 1982; Giller, 1991, cited by Kaiser et
al., 2005).
Nodules are believed to act as "substantial"
reservoirs of Mo, but it is not known whether
this is a consequence of the nitrogenase
activity. Experiments on various species of
legumes have shown that Mo fertilization
substantially
improves
the
symbiotic
mechanism of molecular N fixation by forming
larger nodules and increased nitrogenase
activity (Kaiser et al., 2005).
The rationale of the study was to establish the
influence of Mo on the biological efficiency of
red clover in the presence or the absence of N
fertilization and inoculation of Rhizobium
leguminosarum biovar trifolii, and whether the
results can lead to the improvement of classical
crop technologies and the fertilization plan for
obtaining superior forage yields. In this regard,

some preliminary results were obtained in an
experiment in which red clover plants were
maintained for 60 days in agrowth chamber in
order to determine the individual and combined
effect of inoculation with Rhizobium trifolii, N
and Mo fertilization on the morphological
characteristics and the formation of nodulesin
red clover.
There is a growing interest in reducing the
quantities of chemical fertilizers as inputs in
cropping systems (Dunea et al., 2014). The use
of seed inoculation with strains has become a
preferred practice especially in organic
farming. Nowadays, there are numerous
commercial products e.g., Nitragin Gold preinoculant from Monsanto BioAg.
The aim of the study was to determine the
effect of applied treatments in controlled
conditions on the following characteristics of
red clover: average plant height, average plant
weight, average plant density and number of
nodules on roots. These variables have been
considered as indicators of biological efficiency
for yield formation.
MATERIALS AND METHODS
The experiments were carried out in controlled
environment (Conviron plant growth chamber)
using the Violetta diploid red clover cultivar. In
order to assess the effects of treatments on the
observed biological traits, the treatments were
ranked in descending order, followed by the
multiple comparison method i.e., the Duncan's
multiple range test (DMRT).
The testing of the biological response of the
plants comprised 8 variants showed in Table 1.
The sowing was carried out with the same
amount of seed in 5 L vegetation pots filled
with sterilized perlite using 5 replicates. To
ensure the nutrients needed for plants after
emergence, the same amount of mineral
fertilizer NPK (5-15-15) was supplied in all
variants.
In the inoculation variants (5-8), the seeds were
bacterized with R. trifolii-treated strains using
the Nitragin® product (B type) using 7.5 g
Nitragin/kg clover seed, dissolved in about 25
mL cold water.
After pre-homogenization of the seed in the
resulting solution, it was sown with the same
quantity in all the repetitions of the variants.
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The bacterial solution contains at least 100
million viable cells g-1 of R. trifolii. Nitric
fertilization was done with ammonium nitrate
(33.5% N) supplied prior to sowing in an
equivalent dose of 100 kg N ha-1.

the Duncan's multiple range test (DMRT),
which is a multiple comparison procedure that
uses the studentized range statistic qr to
compare sets of means.
The result of the test is a set of subsets of
means, where in each subset means have been
found not to be significantly different from one
another (Duncan, 1955). DMRT is commonly
used in agricultural research as a multiple
comparison procedure. With this method, at the
99.0% confidence level, there is a 1.0% risk of
calling one or more pairs significantly different
when their actual difference equals 0. The
response of the test is presented in box-andwhisker plots for each morphological trait. A
plot is constructed in the following manner: the
box is drawn extending from the lower quartile
of the sample to the upper quartile; a vertical
line is drawn at the median; a plus sign
represents the location of the sample mean.

Table 1. Variants of the experiment with/without seed
inoculation and fertilization with Nitrogen (N) and
Molybdenum (Mo) in Violetta diploid cultivar
Variants without Nitragin
treatment
1 - no Rhizobium
inoculation; Fertilization
N + Mo
2 - no Rhizobium
inoculation; Fertilization
Mo without N
3 - no Rhizobium
inoculation; Fertilization N
without Mo
4 - no Rhizobium
inoculation; no fertilization

Variants with
Nitragintreatment
5 - Rhizobium inoculation;
Fertilization
N + Mo
6 - Rhizobium inoculation;
Fertilization Mo without
N
7 - Rhizobium inoculation;
Fertilization N without
Mo
8 - Rhizobium inoculation;
no fertilization

RESULTS AND DISCUSSIONS

Molybdenum (0.02 Mo) was supplied in a
single-dose using a uniform foliar sprayingwith
three applications. Observations regarding the
formation of nodules were performed after 6
weeks from plants’ emergence, by immersing
the roots in water followed by the estimation of
the number of formed nodules. Proper
nodulation involves the existence of specific
formations on the pivotal root and lateral
ramifications. After cutting the nodules, the
color was assessed visually appreciating the
effectiveness of the inoculation: white-green:
inefficient;
pink-red:
efficient.
The
aboveground part of the harvested plants was
dried in the oven at 80° C for 24 hours to
determine the accumulated aerial dry matter
(DM). The dried material was weighed with a
Sartorius precision electronic balance.
The setup of the controlled conditions in the
growth chamber was as follow:
Light - the light intensity was pre-selected on
the cyclic control system providing 1200
by
using
PAR
lamps;
µmoles/m2/s
Temperature: +25° C ± 0.5°C in lights on
period; Relative Humidity (RH): 85% on lights
on ±5% RH.
StatGraphics Plus program was used to perform
the statistical analysis of the results. We used

The experimental results presented contrasting
aspects regarding the correlation of the yield
formation elements (weight, height, and density
of clover plants) with the dynamics of the
symbiotic nodule formation.
The classification of the variants in decreasing
order (Table 2) allowed a preliminary overview
of the effects of treatment on the considered
biological indicators. The coefficients of
variation (CV%) and the average of the five
replicates of the indicators are presented within
the group of treatments.
Depending on the ranking results, the
positioning of each variant within the treatment
group has provided useful information on the:
- yield elements (height and weight of clover
plants): the variants 1, 7 and 5 were located
at the upper end, in which nitrogen was
supplied;
- nodule formation: variants 6 and 8 in which
the seeds were bacterized and no nitrogen
was applied;
- density: variants 4 and 1 without
inoculation, without fertilization with
nitrogen.
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Table 2. Descending ranking of the variants after 60 days in controlled conditions (1-4 variants without
Rhizobium inoculation; 5-8 variants with Rhizobium inoculation); CV – Coefficient of Variation
Number of variant
Average plant
height(cm)
CV = 30.79%
Number of variant
Average dry weight (g
plant-1)
CV = 57.43%
Number of variant
Plant density
(plants per pot)
CV =13.68%
Number of variant
Number of nodules
CV = 167.49%

1

7

5

2

6

8

3

4

25.4

23.82

22.4

14.68

14.61

14.52

13.97

11.07

1

7

5

8

3

2

4

6

10.43

7.79

6.22

4.58

3.21

2.87

2.79

2.36

4

1

6

3

5

8

7

2

14.6

14

13.6

12.8

12.4

12.4

10.8

9.4

6

8

7

4

1

2

3

5

22.72

21

3.33

2.3

0

0

0

0

Overall, the variants presented different values
of the CVs, depending on the measured
characteristic. If, in terms of plant density and
average plant height, no significant amplitudes
of CV% were found, at the level of nodule
formation (167.49%) and dry matter
accumulation (57.43%), a larger variability was
noticed.
From the ANOVA test regarding the dry matter
accumulation observations, it was found that
the F value (20.16) showed a statistically
significant difference (p< 0.05) between the
results of the 8 treatments. The Duncan test at
99% confidence level was applied to highlight
the significant differences between variants
(Figure1). For plant height, the F value (31.71)
of the sample showed a statistically significant
difference (p< 0.05) between the averages of
the 8 treatments. There is a close relationship
between plant height and accumulation of dry
matter, expressed by a statistically significant
Pearson correlation coefficient (R = 0.9289; p<
0.01).
The 99%-level Duncan test determined
statistically significant differences (p<0.01) in
the case of the average height of red clover
plants (Figure 2).
In terms of plant density as a result of
application of treatments, no statistically
significant differences were found using the
Duncan test at 95%-confidence level (Figure
3), compared to variants 1-2 (+4.6 plants); 2-4
(-5.2 plants) and 2-6 (-4.2 plants).
The potential of symbiotic activity expressed
by the mean number of formed nodules on the

roots of individual plants was observed in
variants 6, 7, 8 and very poor in variant 4. The
other variants (1, 2, 3 and 5) did not present
these formations specific to the symbiosis
(Figure 4).

Figure 1. Results of Duncan test (99% confidence level)
applied to the variant averages of dry weight showing the
distribution on each variant among five repetitions
(Y axe: 1-8 number of variant; X axe – grams/plant);
vertical line of the box represent the median; the plus
sign represents the location of the sample mean; * shows
the significant differences between treatments

The response of the red clover plants to the
inoculation with bacterial product was affected
by the nitrogen fertilization. Consequently, the
process of nodules’ development was favorably
influenced by the foliar fertilization with Mo in
the absence of N (22.72 nodules) or in the
absence of any fertilization (21 nodules).
The differences between these values were not
statistically significant (p> 0.05). The use of
nitrogen in the variants where the seeds have
been bacterized caused a negative influence,
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resulting the obstruction or elimination of the
process of nodules formation. In variant (4) without inoculation, and without fertilization
there were nodules, although the seeds were not
bacterized.

ramifications. The exception was variant 3,
where nitrogen was supplied without foliar
fertilization with Mo and without seed
inoculation.

Figure 4. Effect of treatments on the number of nodules
formed through symbiosis in each variant (variants 1, 2,
3 and 5 did not form nodules)

Figure 2. Results of Duncan test (99% confidence level)
applied to the variant averages of plant height showing
the distribution on each variant among five repetitions (Y
axe: 1-8 number of variant; X axe – cm); vertical line of
the box represent the median; the plus sign represents the
location of the sample mean; * shows the significant
differences between treatments

Compared to the results obtained by Fabian and
Moga (1988), in which the mineral nitrogen
variant (6.08 g DM pl-1) exceeded the
symbiotic-nitrogen variant (4.05 g DM pl-1) by
50%, we have observed the dry matter
accumulations presented in Table 3.
Our experimental results indicated values close
to the previous experiment, namely 4.58 g DM
pl-1 in the symbiotic-nitrogen variant and 10.43
g DM pl-1 in the variant of foliar fertilization
with mineral nitrogen with molybdenum. The
exclusive use of mineral N resulted in a low
DM yield (3.21 g DM pl-1).
Table 3.The influence of symbiotic and mineral nitrogen
on red clover productivity in controlled conditions

Figure 3. Results of Duncan test (95% confidence level)
applied to the variant averages of plant density showing
the distribution on each variant among five repetitions (Y
axe: 1-8 number of variant; X axe – plants/pot); no
significant differences between treatments were found

Treatments
Fertilization N + Mo
Fertilization Mo
Fertilization N
No fertilization

A possible explanation lies in the presence of
native strains of the macrosymbiot existing on
the seed coat that have somehow become active
in the absence of fertilization.
The correlation test between the accumulated
dry matter and the number of formed nodules
indicated the lack of statistical significance (p>
0.05).
Mineral N treatment has provided a significant
effect on the growth of red clover plants at the
expense of the formation of symbiotic-specific
nodules on the pivotal root and its lateral

Fertilization N + Mo
Fertilization Mo
Fertilization N
No fertilization

Inoculation with Nitragin
g pl.-1
%
6.22
100
2.36
100
7.79
100
4.58
100
Without Nitragin inoculation
10.43
167.6
2.87
121.2
3.21
41.2
2.79
60.9

A non-productive consumption regime might
occur in the N-fertilized variants, i.e., plants
continue to absorb significant amounts of
nitrogen over their requirements, quantities that
were not reflected in yield increases.
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The experiments performed in controlled conditions allowed the evaluation of the biological
response of the red clover to various treatments
considered to have a potential impact on the
growth and development of the plants’ canopy.
Seed inoculation, in the absence of fertilization,
leads to relatively equivalent yields obtained
from the mineral N fertilizer application.
Foliar fertilization exclusively using molybdenum did not provide significant yield increases, but when it was combined with nitrogen fertilization, it helped to achieve higher
yields.
The "image" of the biological yield of plants
excludes the aspects related to the nitrogenase
activity that is responsible for the symbiotic
nitrogen fixation.
From the yield formation point of view, the
variants in which a large number of nodules
were formed did not correlate positively with
dry matter accumulation; however, they can
have a particular importance in improving the
reserves of assimilable nitrogen available in the
soil.
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Abstract
The yielding capacity is given for each maize hybrid by its genetics, but it is also influenced by the growth conditions.
As drought is the main yield constraints especially in South Romania, which is the most important Romanian growing
area for maize, it is of great importance for farmers but also for scientists to better understand the maize plant
responses to drought under different technological conditions. The preceding crop, nitrogen rate and row spacing
represent crop technology elements that the maize grower can manipulate according to his production objective, this
being even more of interest in drought conditions. From this perspective, the aim of this paper is to present the results
regarding the yield components and the grain yield at maize under drought and different crop technology conditions
(two preceding crops, two row spacing and four nitrogen rates) in the specific growing conditions from South Romania.
In this respect, a field experiment was performed in 2016 in South Romania (44o29’ N latitude and 26o15’ E longitude),
under rainfed conditions. Five maize hybrids were studied under two preceding crops (sunflower and maize), two row
spacing (70 and 50 cm) and four nitrogen rates (0 kg.ha-1; 50 kg.ha-1; 100 kg.ha-1; 50+50 kg.ha-1). Under the drought
conditions of 2016, application of nitrogen and increasing of nitrogen rate from 50 to 100 kg.ha-1 increased the grain
yield and values of the yield components (except TGW). Generally, grain yield and yielding components (except TGW)
registered higher values at row spacing of 50 cm when the preceding crop was maize and at row spacing of 70 cm when
the preceding crop was sunflower. Yielding components (except TGW) registered higher values in the case of maize as
preceding crop, while TGW and grain yield registered higher values when sunflower was the preceding crop.
Key words: maize, yield components, grain yield, preceding crop, nitrogen rate, row spacing, drought.

INTRODUCTION

Rainfed crop management systems need to be
optimized to provide more resilient options in
order to cope with the decrease in mean
precipitation and more frequent extreme
drought periods (Cociu and Cizmaș, 2015).
Therefore, it is of great importance for farmers
but also for scientists to better understand the
maize plant responses to drought under
different technological conditions.
Farmers growing maize must consider crop
technology as a tool for a maximum use of
resources and for diminishing the effects of
limitative environmental factors (Dumbrava et
al., 2015).
Preceding crop is among the important crop
technology measures with a significant
influence upon the yield, respectively upon the
yield components (Ion et al., 2015). The effect
of crop rotation on maize yield is inversely
proportional to the ratio of the maize in the
crop rotation (Šeremešić et al., 2013). Despite
the fact the benefits of crop rotation for land
and water resource protection and productivity

Maize (Zea mays L.) is a crop with a high
yielding capacity. The yielding capacity is
determined by the yield components, which are
the elements participating to the yield
formation (Ion et al., 2013). The yielding
capacity is given for each maize hybrid by its
genetics, but it is also influenced by the growth
conditions, respectively by the environmental
factors, mainly soil and climatic conditions, as
well as by the crop technology used by the
maize grower.
Yield potential can be diminished as a
consequence of insufficient water supply to
meet crop water demand (Grassini et al., 2009).
But severe drought stress is affecting in a very
significant way the yielding capacity of the
maize plants, even leading in extreme
conditions to the loss of the yielding capacity.
Drought is the main yield constraints especially
in South Romania, which is the most important
Romanian growing area for maize.
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have been identified, many of the rotation
factors, processes and mechanisms responsible
for increased yield and other benefits need to
be better understood (Berzsenyi et al., 2000).
Nitrogen
application
are
among
the
management methods that can increase maize
grain yields (Stanger and Lauer, 2008). Maize
is known to be a heavy feeder of nitrogen
fertilizer
(Muhamman
et
al.,
2014).
Nevertheless, at high application rates the
efficiency of nitrogen use is reduced and the
risk of nitrogen loss in soil-plant systems is
increased (Chakwizira et al., 2016). Therefore,
best nitrogen management practices are the prerequisite to warrant high maize yield (Wasaya
et al., 2012).
Generally, maize is cultivated in wide spaced
rows (Nik et al., 2011), but decreasing the
distance between neighbour rows at any
particular plant population has several potential
advantages (Sangoi et al., 2001). Planting
maize in narrow rows results in a more
equidistant spacing of plants, which
theoretically assumes to minimize the
competition among plants for water, nutrients
and sunlight (Gobeze et al., 2012).
Preceding crop, nitrogen rate and row spacing
represent crop technology elements that the
maize grower can manipulate according to his
production objective, this being even more of
interest in drought conditions. From this
perspective, the aim of this paper is to present
the results regarding the yield components and
the grain yield at maize under drought and
different crop technology conditions (two
preceding crops, two row spacing and four
nitrogen rates) in the specific growing
conditions from South Romania.

precocity group 490), Janett (FAO precocity
group 550), ES Feria (FAO precocity group
550), Mikado (FAO precocity group 550). Each
of the five maize hybrids were sowed in the
conditions of two preceding crops (sunflower
and maize), two row spacing (70 and 50 cm)
and four nitrogen rates (0 kg.ha-1; 50 kg.ha-1;
100 kg.ha-1; 50+50 kg.ha-1).
Nitrogen fertilization was done immediately
after sowing, except for the experimental
variant 50+50 kg.ha-1 for which half of rate (50
kg.ha-1) was applied immediately after sowing
and the other half (50 kg.ha-1) was applied in
the vegetation period, in the growth stage of
eight leaves. As fertilizer, it was used the
ammonium nitrite with 33.5% nitrogen content.
Soil tillage consisted in ploughing performed
on 30th of October 2015, followed by a disc
harrow work performed in the next spring, on
18th of March 2016. The seedbed was prepared
before sowing by the help of a combinatory.
Sowing was performed on 8th of April 2016 and
the plant density was of 70,000 plants.ha-1.
The weed control was performed by the help of
herbicides applied on 19th of May 2016, when
the maize plants were in the stage of four
leaves. It was used the herbicide Dicopur Top
464 SL (active substance acid 2.4D 344 g.l-1 +
dicamba 120 g.l-1) applied in a rate of 1 l.ha-1,
which was applied together with the herbicide
Titus 25 DF (active substance rimsulfuron
metil 250 g.kg-1) in a rate of 50 g.ha-1. Also, it
was added together with the herbicides the
adjuvant Trend 90 in a rate of 200 ml.ha-1.
The soil from the field experiment area is
reddish preluvosoil, which has a humus content
of 2.2-2.8%, a pH between 6.2 and 6.6, and a
clay loam texture.
The climatic conditions for the period AprilAugust, respectively for the growing period of
maize plants, are characterised by the
multiannual average temperature of 18.5oC and
the multiannual average rainfall of 313.2 mm,
while the values registered in 2016 were of
20.1oC and respectively 284 mm. As a result,
the year 2016 is characterised as a warmer and
drier year for the studying area.
At full maturity stage, the ears from one square
meter in each experimental variant were
analysed. The following determinations of the
yield components were performed: ear length
(cm), number of grains on ear, ear weight (g),

MATERIALS AND METHODS
Researches were performed in a field
experiment in the year 2016, under rainfed
conditions. The field experiment was located in
South Romania (44o29’ N latitude and 26o15’ E
longitude),
within
Moara
Domnească
Experimental Farm belonging to the University
of Agronomic Sciences and Veterinary
Medicine of Bucharest.
In the field experiments there were sowed five
maize hybrids, respectively: Aristide (FAO
precocity group 400), LG 34.90 (FAO
90

grain weight on ear (g), and thousand grain
weight – TGW (g). Also, the grain moisture
content was determined by the help of a
moisture analyser. The grain yield was
calculated in kg.ha-1 and it was reported at 14%
moisture content.
The obtained data were statistically processed
by analysis of variance (ANOVA). As control,
there were taken the variants with the nitrogen
rate of 0 kg.ha-1 for each row spacing and
preceding crop. The data presented and
analysed in the paper represents the average
values for the five studied maize hybrids.

spacing of 70 cm were registered at nitrogen
rate of 50 kg.ha-1, while applying more nitrogen
(rate of 100 kg.ha-1) has not conducted to a
significant increase in the ear length.
Compared to the values of ear length obtained
at the nitrogen rate of 100 kg.ha-1, dividing of
nitrogen rate of 100 kg.ha-1 in two applications,
respectively half of rate (50 kg.ha-1) applied
immediately after sowing and half of rate
(50 kg.ha-1) applied in the growth stage of eight
leaves, decreased the ear length regardless of
the preceding crop and row spacing.
Ear length registered higher values after maize
as preceding crop (12.3 cm in average) than
after sunflower as preceding crop (11.3 cm in
average).
As concerning the row spacing, the values of
the ear length were higher at row spacing of 50
cm compared to those obtained at 70 cm when
the preceding crop was maize and vice versa
when the preceding crop was sunflower.
The highest value of the ear length (13.6 cm)
was registered under maize as preceding crop,
at row spacing of 50 cm and at nitrogen rate of
100 kg.ha-1. The smallest value of the ear
length (10.0 cm) was registered under
sunflower as preceding crop, without nitrogen
application and regardless of the row spacing.

RESULTS AND DISCUSSIONS
Ear length. In average for all experimental
variants, the ear length was of 11.8 cm.
Application of nitrogen and increasing of
nitrogen rate from 50 to 100 kg.ha-1 increased
the ear length, with differences statistically
significant obtained at the nitrogen rate of
100 kg.ha-1, except after sunflower as
preceding crop and at row spacing of 50 cm.
The increasing of ear length determined by
nitrogen application is more important in the
case of sunflower as preceding crop than in the
case of maize as preceding crop (Figure 1).
In the case of sunflower as preceding crop,
differences statistically significant for row

Figure 1. Ear length in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm and 50 cm)
and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1)

Number of grains on ear. In average for all
experimental variants, the number of grains on
ear was of 227.
As in the case of ear length, application of
nitrogen and increasing of nitrogen rate from
50 to 100 kg.ha-1 increased the number of

grains on ear, with differences statistically
significant obtained at the rate of 100 kg.ha-1.
The increasing of the number of grains on ear
determined by nitrogen application is more
important in the case of sunflower as preceding
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Number of grains on ear registered higher
values after maize as preceding crop (278 in
average) than after sunflower as preceding crop
(255 in average).
As concerning the row spacing, the values of
the number of grains on ear were higher at row
spacing of 50 cm than at row spacing of 70 cm
when the preceding crop was maize and vice
versa when the preceding crop was sunflower.
In has to be underlined that in the case of
sunflower as preceding crop, dividing of the
nitrogen rate of 100 kg.ha-1 in two applications
led to important differences between the two
row spacing in favour of 70 cm between rows.
The highest value of the number of grains on
ear (358) was registered under maize as
preceding crop, at row spacing of 50 cm and at
nitrogen rate of 100 kg.ha-1. The smallest value
of the number of grains on ear (195) was
registered under sunflower as preceding crop,
without nitrogen application and at row spacing
of 50 cm.

crop than in the case of maize as preceding
crop (Figure 2).
In the case of sunflower as preceding crop,
differences statistically significant for row
spacing of 70 cm were registered at nitrogen
rate of 50 kg.ha-1. Applying more nitrogen (rate
of 100 kg.ha-1) has conducted to a significant
increase in the number of grains on ear.
Compared to the values of the number of grains
on ear obtained at the nitrogen rate of
100 kg.ha-1, dividing of nitrogen rate of
100 kg.ha-1 in two applications (half of rate
applied immediately after sowing and half of
rate applied in the growth stage of eight leaves)
decreased the number of grains on ear
regardless of the preceding crop and row
spacing. However, dividing of nitrogen rate of
100 kg.ha-1 in the case of sunflower as
preceding crop has not determined important
reduction of the number of grains on ear for the
row spacing of 70 cm, while for the row
spacing of 50 cm the differences were very
important.

Figure 2. Number of grains on ear in different conditions of preceding crops (a- maize, b- sunflower), row spacing
(70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1)

registered also at nitrogen rate of 50 kg.ha-1 for
row spacing of 50 cm.
Compared to the values of the ear weight
obtained at the nitrogen rate of 100 kg.ha-1,
dividing of nitrogen rate of 100 kg.ha-1 in two
applications (half of rate applied immediately
after sowing and half of rate applied in the
growth stage of eight leaves) decreased the ear
weight regardless of the preceding crop and
row spacing. However, dividing of nitrogen
rate of 100 kg.ha-1 in the case of sunflower as
preceding crop and row spacing of 70 cm has
not determined important reduction of the ear

Ear weight. In average for all experimental
variants, the ear weight was of 62.1 g.
Administration of nitrogen and increasing of
nitrogen rate from 50 to 100 kg.ha-1 increased
the ear weight, with differences statistically
significant obtained at the rate of 100 kg.ha-1,
except for the situation when the preceding
crop was maize and the row spacing was of
50 cm. The increasing of ear weight determined
by nitrogen application is more important in the
case of sunflower as preceding crop than in the
case of maize as preceding crop (Figure 3).
In the case of sunflower as preceding crop,
differences statistically significant were
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weight, while for the row spacing of 50 cm the
differences were very important.
Ear weight registered higher values in the case
of maize as preceding crop (62.4 g in average)
than in the case of sunflower as preceding crop
(61.8 g in average). However, by application of
nitrogen the ear weight gets higher values after
sunflower as preceding crop than after maize as
preceding crop (Figure 3).
As concerning the row spacing, the values of
ear weight were higher at row spacing of 50 cm
than at row spacing of 70 cm when the
preceding crop was maize and vice versa when
the preceding crop was sunflower except for

the row spacing of 70 cm at nitrogen rate of
50 kg.ha-1. In has to be underlined that in the
case of sunflower as preceding crop, the
nitrogen rate of 100 kg.ha-1, but especially
dividing this nitrogen rate in two applications
led to important differences between the two
row spacing in favour of 70 cm between rows.
The highest value of the ear weight (77.83 g)
was registered under sunflower as preceding
crop, at row spacing of 70 cm and at a nitrogen
rate of 100 kg.ha-1. The smallest value of the
ear weight (44.59 g) was registered under
sunflower as preceding crop, without nitrogen
application and at row spacing of 50 cm.

Figure 3. Ear weight in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm and 50 cm)
and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1)

Grain weight on ear. In average for all
experimental variants, the grain weight on ear
was of 52.0 g.
Application of nitrogen and increasing of
nitrogen rate from 50 to 100 kg.ha-1 increased
the grain weight on ear, with differences
statistically significant obtained at the rate of
100 kg.ha-1. The increasing of grain weight on
ear determined by nitrogen application is more
important in the case of sunflower as preceding
crop than in the case of maize as preceding
crop (Figure 4).
In the case of sunflower as preceding crop,
differences statistically significant were
registered also at nitrogen rate of 50 kg.ha-1.
Compared to the values of the grain weight on
ear obtained at the nitrogen rate of 100 kg.ha -1,
dividing of nitrogen rate of 100 kg.ha-1 in two
applications (half of rate applied immediately
after sowing and half of rate applied in the
growth stage of eight leaves) decreased the
grain weight on ear regardless of the preceding

crop and row spacing. However, dividing of
nitrogen rate of 100 kg.ha-1 after sunflower as
preceding crop and row spacing of 70 cm has
not determined important reduction of the grain
weight on ear, while for the row spacing of
50 cm the differences were very important.
Grain weight on ear registered higher values
after maize as preceding crop (52.2 g in
average) than after sunflower as preceding crop
(51.9 g in average). However, by application of
nitrogen the grain weight on ear gets higher
values after sunflower as preceding crop than
after maize as preceding crop.
As concerning the row spacing, the values of
the grain weight on ear were higher at row
spacing of 50 cm than at row spacing of 70 cm
when the preceding crop was maize and vice
versa when the preceding crop was sunflower.
In has to be underlined that in the case of
sunflower as preceding crop, dividing of
nitrogen rate of 100 kg.ha-1 in two applications
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a nitrogen rate of 100 kg.ha-1. The smallest
value of the grain weight on ear (38.12 g) was
registered under sunflower as preceding crop,
without nitrogen application and at row spacing
of 50 cm.

led to important differences between the two
row spacing in favour of 70 cm between rows.
The highest value of the grain weight on ear
(63.13 g) was registered under sunflower as
preceding crop, at row spacing of 70 cm and at

Figure 4. Grain weight on ear in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm
and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1)

Thousand grain weight (TGW). In average
for all experimental variants, TGW was of
204 g. If all the other yielding components have
registered significant smaller values than
normal ones for the studied area because of the
drought conditions registered in 2016, the
TGW is just at low limits for the studied areas.
Application of nitrogen and increasing of
nitrogen rate from 50 to 100 kg.ha-1 decreased
the TGW, but without differences statistically
significant. The decrease was more important
in the case of maize as preceding crop and less
important in the case of sunflower as preceding
crop (Figure 5).
Contrary to the situation recorded for all the
other yielding components, TGW registered
higher values in the case of sunflower as
preceding crop (211 g in average) than in the
case of maize as preceding crop (197 g in
average).
Also contrary to the situation recorded for all
the other yielding components, the values of
TGW were higher at row spacing of 70 cm than
at 50 cm when the preceding crop was maize,
but also when the preceding crop was
sunflower at nitrogen rate of 100 kg.ha-1 (in
both one and two applications).
The highest value of the TGW (224 g) was
registered under sunflower as preceding crop,
at row spacing of 70 cm and at no nitrogen
application. The smallest value of the TGW

(181 g) was registered under maize as
preceding crop, with nitrogen rate of 50 kg.ha-1
and at row spacing of 50 cm.
Grain yield at 14% moisture content. In
average for all experimental variants, the grain
yield was of 3,761 kg.ha-1.
Application of nitrogen and increasing of
nitrogen rate from 50 to 100 kg.ha-1 increased
the grain yield, with differences statistically
significant obtained at the rate of 100 kg.ha-1
(Figure 6).
Compared to the values of the grain yield
obtained at the nitrogen rate of 100 kg.ha-1,
dividing of nitrogen rate of 100 kg.ha-1 in two
applications (half of rate applied immediately
after sowing and half of rate applied in the
growth stage of eight leaves) decreased the
grain yield.
It happened regardless of the preceding crop
and row spacing except for sunflower as
preceding crop and row spacing of 70 cm,
when dividing of nitrogen rate increased the
grain yield, while at row spacing of 50 cm the
grain yield decreased significantly.
Grain yield registered higher values in the case
of sunflower as preceding crop (3,952 kg.ha-1
in average) than in the case of maize as
preceding crop (3,570 kg.ha-1 in average).
It has to be emphasized that without nitrogen
application, sunflower as preceding crop leaded
to an average grain yield (3,107 kg.ha-1) higher
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The highest value of the grain yield
(5,214 kg.ha-1) was registered under sunflower
as preceding crop, at row spacing of 70 cm and
at a nitrogen rate of 100 kg.ha-1 divided in tow
application. The smallest value of the grain
yield (2,182 kg.ha-1) was registered under
maize as preceding crop, without nitrogen
application and at row spacing of 70 cm.

than that obtained in the case of maize as
preceding crop (2,588 kg.ha-1).
As concerning the row spacing, the values of
the grain yield were higher at row spacing of
50 cm than at row spacing of 70 cm when the
preceding crop was maize and vice versa when
the preceding crop was sunflower, but with
smaller differences between the two row
spacing, except for the dividing of the nitrogen
rate of 100 kg.ha-1.

Figure 5. Thousand grain weight (TGW) in different conditions of preceding crops (a- maize, b- sunflower), row
spacing (70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1)

Figure 6. Grain yield at 14% moisture content in different conditions of preceding crops (a- maize, b- sunflower), row
spacing (70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1)

CONCLUSIONS

differences statistically significant obtained at
the rate of 100 kg.ha-1.
Contrary to all the other yielding components,
TGW decreased by application of nitrogen and
increasing of nitrogen rate from 50 to
100 kg.ha-1.
Generally, the increasing of the values of the
yielding components (except TGW) determined
by nitrogen application is more important in the

The obtained values of yield components and
the grain yield are smaller than normal ones for
the studied area because of the drought
conditions registered in the year 2016.
Application of nitrogen and increasing of
nitrogen rate from 50 to 100 kg.ha-1 increased
the grain yield and the values of the yield
components except for TGW, generally with
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case of sunflower as preceding crop than in the
case of maize as preceding crop.
Compared to the nitrogen rate of 100 kg.ha-1,
dividing of nitrogen rate of 100 kg.ha-1 in two
applications (half of rate applied immediately
after sowing and half of rate applied in the
growth stage of eight leaves), decreased the
grain yield and yield components (except
TGW) regardless of the preceding crop and row
spacing. An exception was registered for the
grain yield when sunflower was the preceding
crop and at row spacing of 70 cm, case when
the grain yield increased. Also, dividing of
nitrogen rate of 100 kg.ha-1 in two applications
when the sunflower was the preceding crop led
to important differences between the two row
spacing in favour of 70 cm between rows
concerning the grain yield as well as yielding
components (except TGW).
Generally, the values of the grain yield and
yielding components (except TGW) were
higher at row spacing of 50 cm than at row
spacing of 70 cm when the preceding crop was
maize and vice versa when the preceding crop
was sunflower.
Yielding components (except TGW) registered
higher values in the case of maize as preceding
crop, while TGW and grain yield registered
higher values in the case of sunflower as
preceding crop.
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Abstract
In order to ensure food safety, it is necessary to consider all aspects of the agri-food chain, from the primary
agricultural production, including animal feed production to consumer supply, since each of these links in the chain
may affect the safety of final products. In the feed production, each unit operation can contribute to the quality and
safety risk of feed products. This paper isfocused on the identification and monitoring of critical points in the
technological process of feed production, which are usually not covered by the HACCP quality assurance systems.
Results of homogeneity and carry over in the critical control points showed that about 25 % of tested feed mills have a
problem with residues in the process, which could be potential risk for cross contamination. In the three feed mills level
of carry-over was slightly above limits, which may result in the creation of conditions for contamination of the
subsequent batch. Additionally, results of the monitoring of Salmonella spp., Escherichia coli, and Staphylococcus
aureus presence on the surfaces in feed millsshowed that feed factory environment might also represent one of the
potential sources of final product contamination. Results showed that 7% of samples were positive to Salmonella sp.
and even 50% of samples were positive on other bacterial contaminants. Introducing adequate control system will
contribute to the identification of microbiological contaminants at all stages of production chain (feed-animal-foodhuman chain), as well on their prevention, which will have a direct impact on food safety and animal and human health.
Key words: feed, safety, risk, food chain, Salmonella.

INTRODUCTION
sales and provision of services related to food
(together with organizations related to this
sector such as manufacturers of vehicles,
packaging material, cleaning, and ingredients)
(Ryan, 2017).
Feed production is an important link of the
food chain which should provide sustainable,
safe and valuable food products. Feed producers have to ensure systematic control in all
stages of production, processing and distribution in accordance with EU legislation as
well as with good manufacturing practice and
other quality systems (HACCP, GMP+, etc.).
In the feed production, each unit operation can
contribute to the quality and safety risk of feed
products. Equipment like transporters, dividers,
extractors, cells and bins, mills, scales, mixers,
equipment for hydrothermal and mechanical
treatments (conditioners, pellet mills, extruders,
expanders), coolers, dryers, could be
considered as a critical points in the production
process from the safety aspect. Potential
contamination places can be formed by

Food is considered as a basic human need and
the food supply chain cannot be a part of the
free market. Food safety is always in a focus of
the public, non-governmental organizations,
professional associations, international trading
partners and international trade organizations.
It is necessary to ensure that all stake
holdersraise a vote for open and transparent
discussion on food legislation and to take steps
to inform the public about possible health risk
(Sredanovic et al., 2012).
In order to ensure food safety, it is necessary to
consider all aspects of the agri-food chain, from
the primary agricultural production, including
animal feed production to consumer supply,
since each of these links in the chain may affect
the safety of food. Nowadays it is generally
accepted that the animal feed production is very
important link in the production of safe food of
animal origin. Food chain organization includes
primary agricultural producers and feed
producers, food processors, operators and
contractors in transportation and storage, retail
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inadequate construction of equipment, malfunction, damage or unprofessional conduction
of the process (Verstraete, 2013).
It is necessary to achieve working accuracy of
the whole animal feed production process by
risk reduction and avoiding of accumulation of
the raw materials and products in critical points
of process line. Working accuracy involves
maintaining the stability of the dry mixture and
avoiding variations in concentration of
ingredients and losses due to the retention of
the ingredients in whole process line (not only
in the mixer).
Therefore, the criteria for proving the working
accuracy includes three components:
• concentration of the additive in the final
product in relation to the declared level;
• homogeneity of the additives in the final
mixure;
• level of carry over and possible contamination
of the subsequent batch (Djuragic et al.,
2007; Vukmirovic et al., 2010).
Taking into account the allowed tolerances,
experimentally determined concentration must
be within  10% of the declared concentration
and not to exceed the permissible coefficient of
variation for homogeneity of the mixture
(Djuragic et al., 2009).
A deviation of the uniform distribution can
have a negative effect on animal health. For
example, excessive doses can be fatal to the
animals or can leave residues in meat, milk and
eggs and throughout excreta can cause
environmental pollution.
Carry over is the form of contamination which
occurs when a substance is transferred from
one batch to another. The undesired substances,
such as high concentrations of drugs used in a
medicated feed or microbiologically contaminated crusts and residues, should be prevented
to contaminate the subsequent batch in a
production line. Carry over can occur in a
single piece of equipment, or as a result of a
combination of residues in the whole production system. As soon as operators determine the
source of carry over, corrective measures can
be taken (O’Mahony, 2014).
Apart from the above mentioned, the highest
microbiological risk in animal feed represents
contamination with bacteria from the genus
Salmonella spp. With respect to feed safety,
preventing Salmonella spp. to enter the agri-

food chain have a great importance in minimizing safety risk, since their presence in
animal feed is associated with a high risk of
animal infection and, consequently throughout
animal products, human infections. Therefore it
is considered as a major microbial hazard in
animal feed (Jones, 2011). The link between
Salmonella in animal feed and human salmonellosis has been well known for many years.
It is widely recognized that, in response to
different environmental conditions, bacteria
such as Salmonella spp. have developed a
variety of strategies to adapt and survive. The
formation of multicellular communities, known
as biofilms, is one such strategy, which is
generally associated with the survival and
persistence in different environmental conditions (de la Fuente-Núñez et al., 2013; HallStoodley et al., 2004). Contamination of feed
production plants with biofilm producing
strains usually occurs through contaminated
raw material. Contamination may occur at any
point from the field to the final product, by
aerosol and the human factor. As potential sites
for biofilm development, the most often
identified are: receiving bin for raw materials,
walls, ceilings, drains, pipes, ventilation systems, working area, conveyor belts, the outer
and inner surface of processing equipment
(especially in blind spots and pockets), cavities,
joints, cracks and areas prone to condensation.
Although the feed production is mainly based
on the "dry food" production, which considerably limits the growth and development of
microorganisms, due to temperature variations
within the production process, in certain areas
condensation may occur which can provide
sufficient humidity to promote the development
of bacterial biofilms, including Salmonella.
Studies have shown that microorganisms,
especially Salmonella spp. overcome the temperature and humidity fluctuation in the
equipment of the feed industry by entering into
viable but nonculturable (VBNC) stage
(Habimana et al., 2010; Habimana et al., 2014;
Møretrø et al., 2009). In northern Serbia, in the
region of AP Vojvodina, analysis of the
presence of Salmonella spp. in samples of
animal feed in 2014 and 2015, which were
delivered to the Scientific Veterinary Institute
in Novi Sad, revealed that Salmonella spp. was
detected in 146 samples. In 2014, 101 (19.71%)
98

out of a total of 1952 analyzed samples, were
positive to this bacteria. In the reduction in the
number of positive samples occurred since. In
2015 a total of 1612 samples were analyzed,
from which 45 (2.7%) were positive to the
presence of Salmonella. These findings confirm
the fact that the feed and raw materials may
represent a significant source of contamination
with Salmonella, and place where these severe
contaminants can enter the agri-food chain. In
favor of the topic, data published by the EFSA
(European Food Safety Authority) showed that
for European countries (EFSA state) the overall
level of Salmonella-positive units in animaland vegetable-derived feed material in 2015
was 5.13%. In 2014 and 2013, prevalence of
3.8% and 1.4% was reported, respectively, and
thus, a slight increase in prevalence of
Salmonella-positive units in feed material was
observed in 2015 (EFSA, 2016).
EFSA also reported that among different
matrices, the most commonly tested feed
material was soya (bean)-derived feed material
with 3,404 samples tested and a mean
Salmonella prevalence of 3.7%. Also, high
prevalence was reported for meat meal (290
tested, 16.7% positives). In the ﬁnished feed for
animals (compound feedstuffs), the prevalence
of Salmonella-positive units in 2015 was low to
very low for all animal species: 1.20% of 2,248
tested samples for cattle, 0.51% of 2,754 tested
samples for pigs and 0.67% of 7,961 tested
samples for poultry (EFSA, 2016).
Next to the raw materials, feed factory
environment might also represent one of the
potential sources of final product contamination. Salmonella spp. can enter the final
product by contact with contaminated processing equipment. Therefore, the aim of this
study was to analyze potential risks for the
safety in animal feed production and agri-food
chain, such as unacceptable working accuracy
in the feed mills and bacterial contaminants
presence in feed samples and on the surface of
the equipment.

systems. Those points were identified as
potentially critical points in the technological
process as a risk for formation of a heterogeneous mixture, the cross-contamination and
microbial contamination.
Following safety parameters were tested:
• working accuracy of the whole feed
manufacturing process;
• level of carry over and cross-contamination;
• microbiological analysis of the swabs taken
from the technological equipment
Tests were carried out at feed plants within the
territory of Province of Vojvodina. Samples
were taken at different points in process (potentially critical zones) depending on the production process. Samples were taken from
mixers, hopper, conveyors, chain conveyors,
screw conveyors and surge bins as well as during packaging into bags. Determination of
homogeneity and carry over level was done by
Microtracer® method (Micro Tracers, Inc., San
Francisco, CA 94124) as a physical method of
homogeneity testing. A sufficient amount of
iron filings (Microtracer RF, blue), colored
with a soluble die, is added to the mix in mixing ratio 1:10.000 (100 g/t).After main batch
with Microtracer, two rinsing batches for determination of carry over level were performed
and samples were taken from the same points.
Microbiological analysis of the working
surfaces was performed in accordance with the
guide for taking swabs from surface area (ISO
standard 18593: 2004). Swabs were taken on
the surfaces that have been flagged as
potentially critical locations in the process,
from the surface of 10x10 cm, after they were
converted in number of microorganisms per
unit area (1 cm2).
RESULTS AND DISCUSSIONS
Results of homogeneity testing performed in
various feed mills in order to check homogeneity during the whole production process
are shown in the Figure 1. It has been shown
that in some feed mills homogeneity which was
achieved in mixer is slightly changed in the
downstream equipment depending on the
sampling point. Dry mixtures manipulation
within some equipment, such as elevators, long
transporting paths, loading bins or chain

MATERIALS AND METHODS
Research was focused on the identification and
monitoring of critical points of the technological process of feed production, usually not
covered by the HACCP quality assurance
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conveyers, had negative influence on mixture
stability. In considerable number of feed mills
coefficient of variation for homogeneity of
mixture was lower than 10%, which is acceptable from the quality and safety point of view.
However, results of homogeneity in the three
feed mills (feed mills no. 5, 9, and 10) it can be
seen that coefficient of variation was higher
than 10% from the beginning of process (from

the mixer) and through the whole production
line. Such results are indicating that in these
mills level of some ingredients in complete
mixtures might exceed prescript values, which
impose a potential risk for negative effect on an
animal health. Furthermore, results of
homogeneity also in the line with the carry over
results (Table 1).

Figure 1. Homogeneity of production line in different feed mills

Table 1 shows the results of the level of carry
over in the tested feed mills. When compare the
results from both technological tests an
increased level of carry-over was detected in
places where there was no satisfactory homogeneity. Unlike the homogeneity, according to
Serbian legislation, there is no declared level
for carry over in feed production.
Based on European research and experience in
some of the EU countries, it is considered that
the level of carry over should not exceed 4% in
the production of compound feed and up to 1%
in premix production.

As was the case with the homogeneity tests, in
the feed mills no. 5, 9, and 10, level of carryover was slightly above those limits, which
may result in the creation of conditions for
contamination of the subsequent batch.
As was already pointed out, depending on the
environmental
conditions
(temperature,
humidity), feed mills could be suspected to
microbial contamination which one of the
major threats that can negatively affect food
chain security.

Table 1. Results of carry over tests in feed mills
Place of sampling
Mixer
Bin after mixer
Elevator
Chain conveyer
Screw conveyer
Packaging
Mean value

1

2

3

4

1.2
1.1
2.3
1.2
1.4
1.44

0.1
0.5
1.1
0.9
1.1
0.74

3.4
3.0
2.4
2.4
3.8
3.0

0.8
0.7
0.8
2.0
1.07

Results of monitoring environmental hygiene in
feed factory environments are presented in
Table 2. Out of 100 analyzed samples collected

5
6
7
8
Level of carry over, %
3.9
0. 9
1.4
0
3.6
0.6
1.1
0.5
3.9
0.8
0.6
4.1
0.5
0.9
4.3
0.9
1.5
0.1
3.96 0.66 1.14 0.3

9

10

11

12

3.4
3.3
4.1
5.2
4.0

3.9
4.5
4.4
2.9
4.9
4.12

1.3
1.0
1.1
1.2
1.15

0.5
0.9
1.0
0.8
0.8

from various parts of feed factories, 10 were
positive to presence of E. coli, and 7 to
Salmonella spp. Presence of S. aureus was not
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identified. Enterobacteriaceae in the amount of
>100 cfu/cm2 were detected in 23 analyzed
samples. Therefore, the monitoring of microorganisms
contamination,
especially
the
Salmonella spp. on the surfaces within feed
factories, confirmed that the environment might
also represent one of the potential sources of
final product contamination.
The presence of other types of microorganisms,
other than Salmonella spp., is important in
terms of their ability to form biofilms.
Research conducted by Davies and Wray
(1997) is in line with the results of this study.
These researchers also suggested a link
between Salmonella contamination within feed
mills and management or environment.

In Western Balkan region, a permanent
monitoring of feed factory environments and
bacterial contamination of animal feed is still
not adequately integrated into the programs for
monitoring microbial contamination of products of animal origin for human consumption
and the occurrence of human alimentary
infections.
Introducing adequate control system like in
some Scandinavian countries will contribute to
the
identification
of
microbiological
contaminants at all stages of production chain
(feed-animal-food-human chain), as well on
their prevention, which will have a direct
impact on food safety and public health.

Table 2. Monitoring environmental hygiene in feed factory environments

No.

Surface area

Number of
tested sample

Enterobacteriaceae
>100

E. coli
(+/-)

S. aureus
(+/-)

Salmonella
(+/-)

Number of positive sample according to criteria
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Elevator for raw materials
Screw transporter that follows elevator
Elevator between scale and mixer
Mixer
Receiving hopper below mixer
Elevator between mixer
Surge bin
Conditioner before pellet press
Pellet press
Cooler
Σ

5
5
5
5
5
5
5
5
5
5
100

3
3
3
4
1
2
2
2
0
3
23

CONCLUSIONS

1
1
2
3
0
2
0
0
0
1
10

0
0
0
0
0
0
0
0
0
0
0

1
0
0
3
0
0
1
1
0
1
7

surfaces might cause risk for the feed products
contamination, and throughout the animal
products, potential risk for the contamination of
food.

Based on the obtained results, it can be
concluded that in the 25% feed mills
homogeneity in the process was not
satisfactory, since coefficient of variation of
series of samples, was higher than 10%. In all
of feed mills with high coefficient of variation,
homogeneity nor been achieved in the mixer,
neither was improved during downstream
processing.
Insufficient homogeneity was prerequisite for
carry over in the subsequent batches and
potential risk for animal health.
Results of microbiological swabs have shown
presence of some bacterial species in the feed
mills, 7% of samples were positive on
Salmonella spp. while totally 50% of tested
samples
were
positive
on
other
Enterobacteriaceae including E. coli. Presence
of these contaminants on the equipment
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Abstract
In order to examine the effect of nitrogenous fertilizer value and its splitting during the growth period on morphological
traits and essence rate of Maticaria chamomilla L. in spring cultivation in Tabriz, Iran, a factorial, random wholeblock experiment was conducted in triplicates during cultivating year 2009-2010 in Research and Promotive Farm of
Basmenj Agriculture Research Center. The treatments in this experiment include three rates of nitrogenous fertilizer
50, 100 and 150 kg/ha along with control one and fertilizing time in four three-phase splitting (b1) 100 percent at
cultivation phase, zero at the beginning of flowering, and zero at the middle of flowering, (b2) 50 percent at cultivation
phase, 50 percent at the beginning of flowering, and zero at the middle flowering, (b3) 25 percent at cultivation phase,
50 percent at the beginning of flowering, and 25 percent at the middle of flowering, and (b4) zero at cultivation, 100
percent at the beginning of flowering, and zero at the middle of flowering. In general, the results of experiment indicate
that, splitting procedure of nitrogenous fertilizer does not have significant effects on the number of pedicle stem
diameter, bush height, number of lateral stems, and tiller number. Regarding the effect of nitrogen consumption level on
measured traits in the present research, it was determined that, total traits were affected by different levels of nitrogen
(on probability 5%). The review of mutual effect between splitting procedure and different levels of nitrogenous
fertilizer on essence rate and essence weight of Matricaria chamomilla L. was meaningful, so that, the highest essence
weight was obtained in third treatment and by using 150 kg/ha net nitrogen and also highest rate of essence was related
to third treatment with 150kg/ha net nitrogen. Therefore, based on the results of the present research, it appears that
the cultivation of Matricaria chamomilla L. along with consumption of 150 kg/ha net nitrogen is suitable in climatic
conditions of Tabriz through splitting procedure including 25 percent at cultivation, 50 percent at the beginning of
flowering and 25 percent at the middle of flowering. It is expected that the maximum yield of Matricaria chamomilla L.
is obtained under conditions of Tabriz along with consumption of nitrogenous fertilize lower than 150 kg/ha.
Key words: essence, Matricaria chamomilla L, nitrogenous fertilizer, splitting procedure.

INTRODUCTION

the maximum yield and active substances is a
major problem. Chamomile is among the most
important pharmaceutical plants recognized so
far (Naderidarbaghshahi et al., 2012). The
German chamomile (Matricaria chamomilla
L.) is primarily grown for its essential oil.
Belonging to the family Asteraceae, chamomile
is a famous medicinal plant usually mentioned
as the ‘‘star among medicinal species’’. As a
medicinal plant, this species is currently highly
favored and broadly used in traditional
medicine. It has been established that this plant
possesses multi-therapeutic, cosmetic, and
nutritional values (Singh et al., 2011).

Administration of synthetic chemical drugs for
human diseases has been the source of several
adverse effects. In some cases, these effects
confine drug use or even eliminate some drugs.
From the other side, high adaption of herbal
drugs with human body has brought
pharmaceutical plants to the focus of attention
again. As a result, it is apparently indispensable
to renew cultivation of these plants and to
investigate about breeding and better
management of these plants. In this regard,
determination the optimum fertilizer dose for
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As a familiar traditional drug, chamomile is
nominated by several names, such as Baboonig,
Babuna,
Babuna
camornile,
Babunj,
Camomilla, pinheads, scented mayweed,
English chamomile, German chamomile,
Hungarian chamomile, Roman chamomile,
Flos chamomile, Single chamomile, and sweet
false chamomile, suggesting its ubiquitous
application (Singh et al., 2011).
Chamomile essential oil contains almost 40
different compounds among which the most
important
ones
are
chamanzulene,
sesquiterpenes, bisabolo oxide A, b-farenzn,
and bisabolo oxide B (Ghaedi Jeshni et al.,
2017). Chamomile was originally endemic in
central Asia and Mediterranean regions.
This plant is also widely spread across Iran,
from West to East and from North to the center
of the country. With a direct stem, its height is
in the range of 30-80 cm depending on the
climatic conditions. The flower a diameter also
ranges from 0.6 to 1.6 cm and rarely reaches
2.2 cm. The flowers are hermaphrodite with a
self-pollinated plant (Bernath, 2000). The
most important compounds affecting the
biological activity of chamomile include
flavonoids, luteolin, apigenin, patuletin,
quercetin, and the ingredients of essential oil
such as α-bisabolol and its oxides and azulenes
(Kawthar et al., 2017).
Chamomile
possesses
bacteriostatic,
antimicrobial, antiseptic, anti-inflammatory,
deodorant, carminative, sedative, and spasmolytic effects. It can treat sleep problems. These
effects are mostly due to its essential oils
(Kawthar et al., 2017). Flowers of chamomile
have been extensively used by Greek, Indian,
and Middle Eastern physicians (Omidbeigi,
2005; Letchamo et al., 2006). In 1993,
Letchamo showed that increasing nitrogenous
fertilizer concentration increased flower yield
and the amount and percentage of active
substances. He reported that the increase in
nitrogen and phosphorus dose increased the
essence but more potassium concentration had
the reverse outcome. environmental factors
such as temperature, moisture, nutrients,

genetic factors and also the interactions
between two types of factors can affect dry
matter buildup by chamomile (Salamon and
Abou-zied, 2006; Vildova et al., 2006). Poor
nutrient content is the characteristic of sandy
soils, negatively influencing the growth and
yield of medicinal and aromatic plants
including chamomile (Kawthar et al., 2017).
Optimal growth and development of plants
necessitates a variety of nutrients. Nitrogen has
most remarkable effect on the quantitative and
qualitative plant productivity (Maleki et al.,
2014). Numerous researches have reported the
significant effects of this element on the yield
and other traits of different medicinal plants
such as pot marigold (Calendula officinalis)
and
German
chamomile
(Matricaria
chamomilla L.) (Rahmati et al., 2009; Ameri et
al., 2007). Meawad and colleagues (1984)
reported the positive effect of nitrogen,
potassium, and some growth regulators on the
yield of chamomile flowers (Meawad et al.,
1984). Considering the potential importance of
German chamomile among pharmaceutical
plants of the world (and Iran), the present
investigation was conducted to examine the
effects of nitrogenous fertilizer value and its
splitting on quantitative and qualitative traits of
German chamomile, to evaluate the effect of
different concentrations of nitrogenous
fertilizers on this plant’s traits, and to study the
interactions between experimental treatments
and different quantitative and qualitative traits
of German chamomile.
MATERIALS AND METHODS
The present study was conducted on Research
and Promotive Farm of Basmenj Agriculture
Research Center located on kilometer 15 of
Tabriz-Ahar Road in East Azarbaijan Province
at the longitude of 46 degrees and 2 minutes
and latitude of 37 degrees and 58 minutes. The
physicochemical properties of soil are
summarized in Table 1. The experiment was
carried out in the form of factorial completely
randomized blocks with two factors.

Table 1. Mechanical and chemical analysis of cultivated soil
Depth
0-30

EC×103
1.53

pH
8.1

O.C%
0.62

Clay%
20
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Silt%
34

Sand%
46

Soil texture
Silty

N%
0.02

The field preparation operation was done at the
beginning of 2010. The operation included
field selection, running the soil tests, early
plowing, and finally, leveling and plotting for
transplanting. During the field preparation
operation, seedling planting was done with
1100 pots in the form of paper cups. The pots
were planted on April 24, 2010 in nursery.
Noticing the ideal temperature and humidity
conditions in greenhouse, the bushes were
transferred to the field on May 19, 2010 after
reaching six-leaf stage and the approximate
height of 8 cm. The row spacing was 30 cm at
field with margins of 25 cm and the space
between bushes was 10 cm in rows. The first
stage of fertilization was manual before the first
field irrigation. The next stages of fertilization
splitting were also manual. The strain studied
in the present work was German chamomile,
which was an imported strain purchased from
Pakanbazr, Isfahan, Iran.
The fertilizer
treatments used included nitrogen fertilizer at
four levels of 50, 100, and 150 Kg per hectare
along with control and fertilization period in
four three-stage splits (b1) 100% at cultivation
and beginning of zero flowering and middles of
zero flowering, (b2) 50% at cultivation, 50% at
be3ginning of flowering and middles of zero
flowering, (b3) 25% at cultivation, 50% at
beginning of flowering, and 25% at middles of
flowering, (b4) zero at cultivation, 100% at
beginning of flowering, and zero at middles of
flowering.
There
were
12
treatment
combinations with controls at each replicate
with total sum of 39 experimental units for all
replicates. Noting that chamomile flowers
maturate gradually, each time the flowers
maturated, they were harvested and the number
of flowers in each harvest was recorded. The
sampling was conducted on morphologic,
phonologic, and physiological traits of the
plant. So that subjecting the margins, five
plants were selected from the middle of each
plot to randomly measure the height and other
morphologic traits. The traits examined in this
experiment included the height of plant at
flowering time, the number of lateral stalks at
each plant, the number of leaves at each plant,
the total number of flowers, wet weight of
flower, dry weight of flowers, essence
percentage of flowers, and essence rate of
flowers. To measure the flower essence, the

harvested flowers were dried at 70°C for 48
hours and immediately weighed after leaving
the oven and 30 g of dried flower was set aside
for essence extraction. Essence extraction was
performed on Laboratory of Agricultural and
Natural Resources Research Center of Tabriz
using water distillation method by Clevenger
apparatus for two hours (Baydar and Baydar,
2005). To measure the essence, 25 g of dried
flowers was ground. Then, 600 ml water and 10
g sodium chloride were added for complete
essence extraction and the apparatus
temperature was set initially at 100°C and then
at 70°C. The essence phase was readily
separated from salt-water phase through
addition of diethylether (the solvent for
chamomile essence).
The solution of diethylether and essence was
put into 45°C hot water bath to evaporate
diethylether (Ghasemi Dehkordi et al., 1375).
The data was analyzed by MSTATC and SPSS
software and the mean values were compared
through Duncan’s test at probability level of
5%. The Figures were plotted by Microsoft
Excel.
RESULTS AND DISCUSSIONS
Based on the results acquired from table of
variance analysis (Table 2), the effect of
nitrogenous fertilizer and its significant
interactions with number of flowers, wet
weight of flowers, dry weight of flowers,
essence percentage, and essence weight were
calculated at probability levels 1% and 5%. The
effect of nitrogenous fertilizer content was also
significant at probability level 1% on different
flower traits such as number of flowers, wet
weight of flowers, dry weight of flowers, plant
height, number of stalks, diameter of stalks,
number of tillers, number of minor stalks,
essence weight, and essence percentage,
indicating the effect of different fertilizer
concentrations
on
making
significant
differences in the extent of the traits mentioned.
However, the effect of nitrogenous fertilizer
content was insignificant on the number of days
until budding and 100% and 50% flowering
rates. The interaction of nitrogenous fertilizer
content on the splitting of nitrogenous fertilizer
also indicated that the number of flowers and
essence percentage were under the effect on the
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flowers (Figure 1). As well, the content of 150
Kg nitrogenous fertilizer as 50% splitting at
cultivation stage, 50% at the beginning of
flowering, and 0% at the middles of flowering
produced the maximum number of harvested
chamomile flowers.
While the minimum number of chamomile
flowers was related to the treatment with
splitting as 0% at cultivation, 100% at the
beginning of flowering, and 0% the middles of
flowering (Figure 1).
The effect of nitrogenous fertilizer content and
its splitting procedure on the wet weight of
chamomile flowers was significant at
probability level 1% (Table 2). The results of
comparison of average total wet weight
between different spitting procedures shows
that there is a significant difference between
different splitting procedures in terms of this
trait. So that when 100% nitrogenous fertilizer
was introduced to the plants at the beginning of
flowering, the highest wet weight of flowers
was produced.

interactions between the two factors examined,
showing that different nitrogenous fertilizer
contents in different splitting periods produced
different extents of significant traits, i.e. during
examination of effectiveness on significant
traits, the two factors examined did not act
independently. As a standard criterion, the
coefficient of variation also shows the effect of
environmental factors on different traits, so that
the highest coefficient of variation is related to
dry weight of flowers and the lowest one is for
essence percentage.
The effect of nitrogenous fertilizer content and
its splitting procedure and the interactions
between these two factors on the number of
German chamomile flowers was significant at
probability level 0.01 (Table 2). Through
comparison of mean value, it was determined
that regarding the number of harvested flowers,
the content of 150 Kg nitrogenous fertilizer at
all four splitting stages had significant
differences with other nitrogenous fertilizer
contents and controls, and showed the
maximum number of harvested chamomile

Table 2. Analysis of variance of physiological traits
Sources
Change

df

Average of Squares
Dry
weight
flowers

Stem
height

Number
of Stem

3.02
22.02**

12.75
35.97ns

2.86
0.843ns

Amount
3
0.26ns
4.44ns
4.59 ns
141706.69** 579.52** 688.77**
Consumptin
Divide×
9
6.37ns
3.94ns
5.48 ns
1065.62**
2.52ns
1.22 ns
Amount
Consumptin
E(b)
18
2.55
2.85
1.91
86.52
1.48
1.22
CV(%)
18.46
20.26
14.23
14.12
16.21
19.32
** refer to non-significant and significant at the statistical level of 0.05 and 0.01, respectively.

434.23ns

8.69**

18.36ns

2.39ns

7.35
16.14

0.704
18.10

Block
Divide

2
3

Time
Budding

Time of
50%
Flowering

Time of
100%
Flowering

Number of
Flower

Fresh
weight
flowers

4.92
11.59ns

6.33
7.78ns

1.92
5.26ns

76.86
4390.84**

2.86
25.11**

Continue Table 2. Analysis of variance of physiological traits
Sources Change

df

Average of Squares
Diameter
Stem

Number
Paw

Number of
Branches

Percent
Essential oil

Block
2
0.001
0.255
13.083
0.00003
Divide
3
0.00005ns
0.114ns
1.40ns
0.001**
**
**
**
Amount Consumptin
3
0.049
12.39
978.25
0.021**
Divide× Amount
9
0.0001ns
0.555ns
4.54 ns
0.001**
Consumptin
E(b)
18
0.0001
0.323
2.49
0.0001
CV(%)
10.11
17.16
10.41
9.52
ns, *, and ** refer to non-significant and significant at the statistical level of 0.05 and 0.01, respectively.
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Weight
Essential oil
5.36
23.84ns
1904.11**
22.812ns
5.91
17.12

Figure 1. The effect of nitrogenous fertilizer content and its splitting procedure during growth period on the
number of flowers

However, when 100% nitrogenous fertilizer
was introduced to the plants at cultivation, the
lowest wet weight of flowers (73 g) was
produced. Noticing, the maximum wet weight
of flowers also resulted from consumption of
150 kg in hectare of nitrogenous fertilizer.
The effect of nitrogenous fertilizer content and
its splitting procedure on the dry weight of
chamomile flowers was significant at
probability level 0.01. Noticing, the highest rate
of dry weight of flowers resulted when 100%
nitrogenous fertilizer was applied at the
beginning of flowering and the lowest rate was
related to application of 150 kg nitrogenous
fertilizer, which was the highest rate in
comparison with other treatment and control
levels. In general, during the present
investigation, it was observed that consumption
of above 50 kg per hectare of nitrogenous
fertilizer had significant effects on the number
of flowers and consequently, dry and wet
weights of German chamomile flowers and an
almost increasing trend is detectable in the
number of flowers, wet weight, and dry weight.
The effect of nitrogenous fertilizer content was
statistically meaningful on stalk height at
probability level 1%. In comparison of average
stalk height with consumption of 150 kg of
nitrogenous fertilizer, the maximum stalk
height resulted. The results of the present study
have revealed that through application of below
75 kg per hectare of nitrogen, the sufficient

concentration of this element is available to
reach the maximum height of German
chamomile plant and higher amounts of
nitrogen had no effects on plant height. In other
words, limitations in genetic potential of this
plant inhibits higher rates of plant height at the
above contents of nitrogenous fertilizer. The
interactions between consumption rate and the
procedure of splitting the nitrogenous fertilizer
was also significant for stalk height. The effect
of nitrogenous fertilizer content was
statistically meaningful on the number of major
stalks at probability level 1%. Noticing,
application of 150 kg nitrogenous fertilizer
dramatically increased the number of major
stalks in chamomile plants. The stalk diameter
was affected by application of nitrogenous
fertilizer, but the effect of splitting the
nitrogenous fertilizer and their interaction on
stalk diameter was not significant. Noticing,
through application of 150 kg nitrogenous
fertilizer, the highest stalk diameter was
approached, which could be attributed to
increased growth of vegetative cells. The effect
of application of nitrogenous fertilizer was
statistically meaningful on the number of tillers
per plant. Increasing nitrogenous fertilizer
concentration above 50 kg caused a significant
increase in the number of tillers per plant, so
that the highest number of tillers was related to
150 kg per hectare of nitrogenous fertilizer.
The effect of different values of nitrogenous
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Essence percentage

fertilizer on the number minor stalks was
significant at probability level 1%. Comparison
of different values of nitrogen showed that the
minimum number of minor stalks belonged to
levels 50 and 100 kg fertilizer per hectare,
which were 66.1 and 66.8, respectively. The
maximum number of minor stalks (82.1) was
related to fertilizer levels 150 kg. In the results
gained from fertilizer levels 100 and 50 Kg per
hectare along with 0 Kg of nitrogenous
fertilizer, decreased number of minor stalks
was observed, whose reason is not clearly
understood; however, it seems that other
parameters such as environmental parameters
could involve in this case. The effect of
consumption rate, splitting procedure of
nitrogenous fertilizer, and its interaction on
essence percentage was statistically significant
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

zero- zero- one
hundred

in chamomile plant. Based on Figure 2, when at
cultivation, of 100% specific fertilizer content
of treatment 150 kg per hectare given to the
plants, 58% essence was produced, which
included the highest essence value in
comparison with two fertilizer contents of 50
and 100 Kg per hectare applied on neither
growth stages. When 100 kg nitrogenous
fertilizer was completely given to the plant, the
resultant essence percentage rate was at the
same statistical level as the conditions under
which the nitrogenous fertilizer was not applied
at cultivation stage. The effect of consumption
rate on essence weight in chamomile plant was
statistically significant at probability level 1%.
The highest essence weight was generated
through application of 150 kg nitrogenous
fertilizer per hectare.

zero- fifty- fifty

twenty five- fifty- zero- one hundredzero
twenty five

Figure 2. The effect of nitrogenous fertilizer content and its splitting procedure during growth period on essence
percentage

Correlation Coefficient of the Traits
Investigated
According to the table of correlation coefficient
(3), there was a meaningful and positive
correlation between the number of flowers on
plants and most of the traits investigated. So
that the highest correlation of the number of
flowers was with wet and dry weight of
flowers, stalk diameter, and essence weight.
This indicates that increasing the number of
flowers caused an increase in each of the traits
mentioned. Also the correlation between wet
weight of flowers and dry weight of flowers,
stalk diameter, and essence weight had the
highest value. The wet weight of flower had
also the highest correlation with traits such as
stalk diameter and the number of minor stalks.
Stalk diameter had the highest correlation with
the number of minor stalks, showing that with

increasing stalk diameter, the number of minor
stalks increased significantly. In examination of
the results of analysis of variance, the effect of
nitrogenous fertilizer consumption rate was
significant at probability level 1% on several
traits including the number of flowers, wet
weight of flowers, dry weight of flowers, plant
height, number of stalks, stalk diameter,
number of tillers, number of minor stalks,
essence weight, and essence percentage. These
findings are in accordance with the results of
investigations done during 2008 (Zeynali et al.,
2008). Based on the results summarized in
Table 2, some researchers also proved that
increased nitrogenous fertilizer levels caused
higher growth of aerial organs and number of
flowers and finally, leads in increased
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accumulation of dry material (Letchamo et al.,
1993; Franz and Kirsch, 1974). Comparison
between nitrogenous fertilizer levels was
conducted in a study showing that via
increasing the nitrogen content up to 225 kg per
hectare, there was a significant increase in the
number of flowers on each plant (Zeynali et al.,
2008). During 1974, it was reported that
nitrogen played a key role in the growth and
development of German chamomile and its
shortage at every stage of growth caused
decreased number of flowers on each minor
stalk by disrupted material synthesis and as a
result, lower yield in chamomile. Generally,
strains of chamomile with higher productivity
and desired resistance to lodging have the
potential of higher yield by increased content of
nitrogenous fertilizer (Franz and Kirsch, 1974).
Letchamo and coworkers (1993) reported that
by increased nitrogen application, the number
of flowers increased dramatically in German
chamomile (Letchamo et al., 1993). The results
presented in Figure 2 and 3 are compatible with
the findings of Zeynali et al. (2008). They
indicated that the application of nitrogen at the
beginning of chamomile flowering caused
increased growth of plant’s reproductive organs
and as a result, its higher wet weight. They also
stated that the application of nitrogen at the
beginning of flowering caused relatively
increased accumulation of dry material in
flowers (Zeynali et al., 2008). Letchamo and
coworkers (1993) reported that through
elevating the nitrogen content, wet weight of
flowers increased remarkably in German
chamomile (Letchamo et al., 1993). Franz and
Kirsch, 1974, and Meawad et al., 1984, also
reported similar results. Findings reported
through 1974 to 1984 show that by increasing
nitrogenous fertilizer up to 150 kg per hectare,
the number of flowers increases. Letchamo also
reported that the rate of fertilization should be
fit to plant genotype. He stated that in some
species resistant to wind blow, it was
meaningful to apply higher fertilizer values
(Letchamo et al., 1993). However in some
genotypes, higher levels of nitrogenous
fertilizer will not lead in remarkably different
number of flowers and this accordant with the
results pf the present study (Franz and Kirsch,
1974 Meawad et al.,1984). Some reports have
stated the required amount of fertilization as 60

kg of net nitrogen per hectare for autumn
chamomile (Uori et al., 2000; Sheibanivaziri,
1998). Fernandez (1993) reported that 80 kg of
net nitrogen per hectare was suitable for
autumn chamomile (Fernandez et al., 1993). In
comparison of average stalk height, the
maximum height resulted from 150 kg per
hectare of nitrogenous fertilizer. The results of
Letchamo (1993) showed that by increased
nitrogen application, the stalk height
significantly increased in German chamomile
(Letchamo et al., 1993). Franz and Kirsch,
1974, and Meawad et al., 1984, also reported
similar results. Increasing nitrogenous fertilizer
via altering the available soil nitrogen during
growth season has great effects on height and
usually parallel to its elevation, the plant height
increases (Mirshekari et al., 2008). Principally,
the reason for increased height as a result of
applying nitrogenous fertilizer can be attributed
to the synergistic effects of nitrogen on
vegetative growth and cell divisions in plant
organs, especially the stalks. Indicated that
because of applying nitrogen, leaf and stalk
weight increased. Consequently, it is expected
that the plant produces more photosynthetic
material and this sets the stage for stalk
elongation (Broujerdi, 2002). In a study on
autumn chamomile during 2002, it was
concluded that by elevating nitrogen from 0 to
150 kg per hectare, there was an increase in
stalk height. The maximum (52.1 cm) and
minimum (38.3 cm) stalk height were related to
150 and 0 kg per hectare of net nitrogen,
respectively and there was a significant
difference among levels of nitrogenous
fertilizer (Broujerdi, 2002). Figure 7 shows that
application of 150 Kg nitrogenous fertilizer
causes a significant increase in the number of
major stalks in chamomile, which can be
attributed to the synergistic effects of nitrogen
on vegetative growth, cell divisions in plant
organs, specially the stalk. As a consequence of
nitrogen application, the number of leaves and
stalks increases. Therefore, it is expected that
the plant produces more photosynthetic
material and this sets the stage for increased
number of major stalks (Broujerdi, 2002). The
results of investigations conducted by other
researchers reveal that by increased nitrogen
application, the number of flowering stalks
increases significantly in German chamomile
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(Letchamo et al., 1993). As can be readily seen
in Figure 2, the maximum stalk diameter was
observed with 150 kg nitrogenous fertilizer per
hectare. The reason is behind increased growth
of vegetative cells. More than 50 kg increase in
nitrogenous fertilizer caused a significant
increase in the number of tillers and the highest
number of tillers was produced by applying 150
Kg per hectare of nitrogenous fertilizer.
Broujerdi (2002) and Fernandez and Krisch
(1974) stated that the levels of nitrogenous
fertilizer were meaningful on chamomile.
Noting this significance, it can be concluded
that the increased tiller number along with
increased levels of nitrogenous fertilizer is
meaningfully different between various
genotypes. However, regarding the same strain
used during the present study, it seems that
environmental parameters have caused these
alterations. Some reports of tillering were
presented in 1990, which stated branching and
tillering after the first harvest (Letchamo,
1990). Letchamo et al. (1993) reported that
through increased nitrogen application, the
number of tillers was significantly increased in
German chamomile (Letchamo et al., 1993).
Through comparison of different average
nitrogen levels, it is inferred that the least
number of minor stalks belongs to 50 and 100
Kg per hectare, with 66.1 and 66.8,
respectively. The highest number of minor
stalks (82.1) is related to 150 kg. looking at the
results, the vegetative growth enhances by
increasing nitrogenous fertilizer, which leads in
increased branching and number of minor
stalks. Franz and Kirsch (1974) also got similar
results. In the results of fertilizer levels 100 and
50 kg per hectare along with zero of
nitrogenous fertilizer content, we observed a
decreased number of minor stalks, whose
reason was not clear, but it seems that other
factors such as environmental ones have been
involved in this case (Franz and Kirsch, 1974).
According to the findings of Sheibanivaziri
(1997), the nitrogenous fertilization content of
60 kg per hectare yields the best and the highest
essence rate in Chamzulene (Sheibanivaziri,
1998). Increasing the nitrogen content over
60 kg per hectare did not lead in significant
differences in the essence rate (Bagheri et al.,
2003). Investigations of Omidbaigi (2003)
indicated that the cultivation time had a key

role in essence and chamazulene rate of
chamomile flowers, so that the plants cultivated
during the spring had higher essence and
chamazulene rate than ones cultivated in
autumn. He stated that the role of nitrogen
along with cultivation date is essential for
increasing the essence rate (Omidbaigi, 2003).
In some studies, the average essence percentage
was reported to be 0.58% in total of treatments
and the highest essence rate was reported for
the treatment with net nitrogenous fertilizer
level of 135 kg per hectare (Madani, 2006).
Our results are in accordance with the results
reported by Meawad and coworkers (Meawad,
1984). The claimed that increasing the nitrogen
content caused higher essence production.
CONCLUSIONS
It could be concluded that the consumption rate
of nitrogenous fertilizer had significant effects
on all of the traits examined in German
chamomile. Also through increasing the rate of
nitrogenous fertilizer consumption, the valuse
of traits such as number of tillers, number of
major and minor stalks,and essence weight
increased.
Applying nitrogenous fertilizer with the ratio of
25:50:25 percent led in increased essence
percentage and effective traits in chamomile.
Also fertilization level of 150 kg per hectare
with the pattern of 25% at cultivation: 50% at
the beginning of flowering: 25% at the middles
of flowering could have the greatest effect on
increasing essence percentage and most of the
traits examined had positive and meaningful
relations with each other.
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Abstract
Lipid oxidation prejudices meat quality by degrading polyunsaturated fatty acids to volatile short chain compounds that
are the source of undesirable flavours and odours which reduce the appeal of products to consumers.
The current review is a comprehensive study dealing with the effect the way tocopherol is absorbed by direct
incorporation into diet in the intestine and then transported to the liver and distributed throughout the body, reaching
out the highest amount in microsomes and mitochondria. Cumulative results of previous studies and experiments
indicates that the susceptibility of meat to lipid oxidation is influenced by the α-tocopherol content of meat and PUFA
content of the membrane phospholipids. Within the frame of the review we provide confirmation of the positive effect of
dietary vitamin E levels on lipid oxidation by studying and analyzing published experiments where lipid oxidation was
measured and where vitamin E accumulation was evaluated, established a quantitative relationship between dietary
vitamin E alone and in conjunction with other antioxidants and its effects on pork meat quality.
Key words: vitamin E, tocopherol, meat, quality, oxidation.

IMPLICATIONS

deficiencies. The term meat quality concerns
both the meat as a product (product quality)
and the way the meat was produced (production
quality) (Heyer et al., 2004). Pig meat quality is
determined by many aspects, among which
odour and taste are the most important
attributes. Further, product quality can be
divided into technological, nutritional, hygienic
and sensory quality. Measurement of each of
these four meat quality traits and the production
quality demand different assessments and are
also of varying importance for the meat
purchaser. The meat processing industry might
be most concerned with technological meat
quality, whereas the consumer is concerned
with sensory and healthy meat quality as well
as production quality (Lundström et al., 2009).
A reasonable answer to these demands required
by the market trend refers to a type food that
contains added, technologically developed
ingredients with a specific health benefit (Niva,
2007; Bhat and H. Bhat, 2011). These are foodtype products that contain significant levels of
biologically active components that influence
specific physiological functions in the body,
thereby providing benefits to health, well-being

Changes of the national and international
consumer behavior have brought new
challenges for pig production.
This is not only because new legislations are
continuously established, but also because the
consumers
are
becoming
increasingly
conscious.
Nowadays, more consumers are concerned
about the wellbeing aspects and ask for health
promoting produced meat and meat products.
The review is defining the perspective of using
vitamin E as an antioxidant ensuring in this
way the required dosage which will endow the
producers with the appropriate know how to
use those antioxidants to meet consumer
expectations in term of pork meat quality.
INTRODUCTION
Quality (Latin for character, nature, property) is
the measurable entirety of character traits,
nature or quality grade of a product or service.
Thus, quality traits distinguish products from
other products either to their merits or
112

or performance, beyond regular nutrition and
are marketed and consumed for this value
added property (Bhat and H. Bhat, 2011). The
food industry is adopting various methods
designed to maintain the quality, among those
they include the use of antioxidants (Ghidurus
and Varga, 2017). A multitude of studies have
shown that dietary antioxidants can alleviate
oxidative stress in livestock and improve the
quality of animal products (Salami et al., 2016).
Therefore antioxidant vitamins are essential in
the animal diet for normal health (Fiego et al.,
2004).
Previous studies shows that slaughter
randament, the chemical composition of meat
and the blood content in total cholesterol were
not influenced by the type of fat introduced into
the compound feed (Marin et al., 2015). The
oxidative stability of muscle depends upon the
balance between antioxidants, such as αtocopherol and prooxidants including the free
iron in the muscle and concentrations of
polyunsaturated fatty acids (PUFA) (Yang et
al., 2002). Vitamin E plays a fundamental role
in the prevention of radical formation in
biological systems like plasma, membranes and
tissues. Vitamin E is the collective name for the
eight naturally occurring forms α, β, γ and δtocopherols and α β, γ and δ-tocotrienols.
Historically, α-tocopherol was reported to have
the highest biological activity (Niculita et al.,
2007). α-tocopherol and its derivatives are
lipid-soluble antioxidants that suppress
peroxidation of membrane lipids (Chow, 1991),
it protects cells from oxygen radicals in vivo
(Miller and Brzezinska-Slebodzinska, 1993)
and in vitro, and is believed to be the primary
free radical scavenger in mammalian cell
membranes (Saikhun et al., 2008).

days (Morrissey, 1996). Niculita et al. (2007)
concluded that supplementation with vitamin E
augment α-tocopherol levels in blood serum
and muscles from pig samples receiving 300
mg/kg feed. Onibi et al. (2000) suggested that
pig tissues become saturated with α-tocopherol
at supplemented α-tocopheryl acetate concentrations of 200 to 500 mg/kg of diet, and
α-tocopherol is no longer proportional to the
dietary supply at greater concentrations.
The accumulation of  tocopherol does not
reach the limits of saturation in muscle of pigs
fed with 700 mg/kg -tocopheryl acetate
(Jensen et al., 1997).
In conclusion, vitamin E concentration in
muscle is directly proportional to the
concentration administered via animal feed and
the period during which the supplement is
administered vitamin E. Minimum nutritional
requirements have been set in growingfinishing pigs at 11 IU/kg for vitamin E
(Olivares et al., 2009; National Research
Council (NRC), 1998).
Absorption and distribution of vitamin E in
the tissues
The composition of biological tissues can be
modified through diet, either by direct
incorporation of the absorbed compounds or by
their interactions with anabolic and catabolic
pathways (Tres et al., 2009). Absorption of
natural or synthetic form of vitamin E occurs in
the small intestine. Tocopherol acetate is
transformed into a tocopherol in the intestine
before or during absorption. The largest portion
of the tocopherol ester is hydrolyzed by
esterases in the intestinal mucosa and the rest
by duodenal or intraluminal esterases (PinelliSaavedra, 2003). Dietary tocopherol absorption
is done mainly through the lymphatic system
where they are transported to the chylomicrons
rich in triglycerides and from here transferred
to the liver. Thus vitamin E is then secreted by
the liver, incorporated into very low density
lipoproteins (VLDL) and finally transported to
the low density lipoprotein (LDL) after
previously recognized by specific LDL
receptors from plasma (Herrera and Barbas,
2001). Vitamin E is also found in red blood
cells and platelet cells and thus distributed
throughout the body, but the highest amount of

Swine nutritional aspects: dosage and
duration of administration of tocopherol in
pigs
Regarding the period of administration of the
dietary supplement it was observed that
the tocopherol was significantly higher in the
muscles of pigs fed supplement of 200 mg
-tocopheryl acetate/kg feed for a period of
126 days before slaughter compared with pigs
that were administered a low concentration of
20 mg/kg ( tocopheryl acetate/kg feed) for 91
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vitamin E is found in microsomes and
mitochondria, which are membrane-bound
organelles (Lodge, 2005).
Tocopherol concentrations in plasma and
tissues are proportional to the logarithm of the
amount given in the diet. Studies in mice and
pigs have demonstrated that, in general, liver,
skeletal muscle and fat tissue increased
proportionally with increasing the dose of
supplement administered from 16 to 421 mg/kg
feed (Jensen et al., 1988; Niculita et al., 2007).
It has been found experimentally that the level
of α-tocopherol in tissues of pigs was
influenced by the amount of tocopherol acetate
administered in the diet of animals. Amazan et
al., 2014, studied the influence of vitamin E
supplementation source (natural form in water
versus the synthetic form in feed) and dose
administrated to piglets and/or sows on serum
α-tocopherol concentration and antioxidant
capacity on weaned piglets. He found that oral
supplementation to sow with natural vitamin E
as d α-tocopherol at the lowest dose produced
similar concentration of α-tocopherol in serum
at days 2, 4 and 28 postpartum to those
supplemented with threefold higher dose of the
synthetic form in feed. After 39 days of age
neither piglet supplementation source nor dose
affected α-tocopherol accumulation in the
serum, muscle subcutaneous fat or liver.
Asghar et al. (1991a) have quantified vitamin E
isomers in the tissues of pigs fed a daily diet of
all-rac tocopherol acetate. It has been found
that only α-tocopherol was present in the
muscle, adipose tissues and in subcellular
fractions of the muscle. γ and δ isomers of
vitamin E were not detectable. At subcellular
level the largest amount of α-tocopherol was
found
in
mitochondria,
followed
by
microsomes. α-tocopherol accumulation in
these cellular organelles increased linearly with
level of vitamin E supplemented in swine diet.
-tocopherol accumulation in various types of
tissues varies as follows: kidney tissue<lung
tissue<heart tissue<liver (Monahan et al., 1994;
Asghar et al., 1991a). Moreover -tocopherol
content is absorbed significantly different in the
mitochondria of white muscles compared to red
muscles. Trefan et al. (2011) found after a
number of standardization procedures, a
nonlinear
relationship
between
the

supplementary vitamin E and the accumulation
of α-tocopherol in pork which approached a
maximum value of 6.4 μg/g tissues. The
amount of vitamin E accumulated in the muscle
depends on the type of muscle fibers, their
distribution, as well as their metabolic activity.
O'Sullivan et al. (1997) observed that the
thoracic muscles had the highest amount of
vitamin E absorbed followed by cervical
musculature, pelvis and shoulders.
However, longissimus dorsi muscles are the
most studied when aiming to establish a
relationship between the levels of vitamin E
administrated into diet and vitamin E
concentration in the muscle. This is because
tocopheryl acetate will trigger an increase of 
tocopherol in longissimus dorsi muscles of the
swine (Trefan et al., 2011). Asghar et al.
(1991b) analyzed the quantity of tocopherol in
longissimus dorsi muscles and found that this
muscle had the highest content of -tocopherol.
Although we have already substantial
information on the action, effects and
metabolism of vitamin E, there are still several
questions open. The most intriguing is its
interaction with other antioxidants that may
explain how foods containing small amounts of
vitamin E provide greater benefits than larger
doses of vitamin E alone (Herrera and Barbas,
2001). An interesting finding was reported by
Ching et al. (2002), regarding the accumulation
of vitamin E when administrated along with
vitamin A.
The result of the experiment shows that dietary
vitamin E sources had no effect on serum or
liver retinol concentrations. These results
demonstrated that both supplemental vitamin A
and vitamin E increased in the blood as their
dietary levels increased. However, as dietary
vitamin A level increased, serum and liver αtocopherol concentrations declined, suggesting
a reduced absorption and retention of αtocopherol when weaned pigs were fed high
dietary vitamin A levels. Olivares et al. (2009)
found that in fattening pigs, feeding very high
levels of vitamin A (such as 100 000 IU/kg
diet)
negatively
affects
-tocopherol
concentration in pig tissues and increases
susceptibility of muscle tissue to oxidation.
Muscle, adipose tissue and liver -tocopherol
concentration is not affected by dVitA in the
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range 1300 to 13 000 IU/kg, but liver
-tocopherol concentration is higher if vitamin
A is removed from the vitamin mix 5 weeks
prior to slaughter.
This suggests an interesting alternative to
enhancing α-tocopherol in pig tissues. Future
research is needed to establish the most
adequate time/dose combination of dietary
vitamin A and E in order to ensure meat quality
characteristics in pigs.

it is bound by a specific transport proteinthe
α-tocopherol transfer protein (α-TTP) for
distribution in circulation and thus in peripheral
tissues (Galli et al., 2017). This preferential
binding appears to protect this form excretion
and catabolism as it occurs for the other forms.
In this respect, the different forms are
discriminated by the liver so that only α-T is
retained and distributed to the cellular
membranes of tissues, whereas the other forms
are rapidly metabolized and excreted with the
same mechanism of long-chain fatty acids and
lipophilic xenobiotics (Ambrogini et al., 2016).
-tocopherol protects fatty highly unsaturated
against peroxidation by free radicals produced
by NADPH oxidase enzymes (Benzie, 1996).
By using enzymatic antioxidant mechanisms
body protects itself from ROS (reactive oxygen
species). The antioxidant enzymes reduce the
levels of lipid hydroperoxide and H2O2, thus
they are important in the prevention of lipid
peroxidation and maintaining the structure and
function of cell membranes (Nimse, 2015).
Important to note is that the addition of
-tocopherol post-mortem meat is not as effective as when it is used as a nutritional supplement, since the added post-mortem
-tocopherol cannot be incorporated directly
into at the membrane level where the oxidation
process is carried out (Schaefer et al., 1995).
However -tocopherol preserves the integrity
of muscle cell membranes, inhibiting the
passage of sarcoplasmic fluid through it, as
well as acting as a radical-quenching antioxidant, consequently preventing drip loss and the
oxidation of membrane phospholipids during
storage when added into the diet (Asghar et al.,
1991b; Gray et al., 1996; Faustman et al., 1998;
Nassu et al., 2011).

The role of vitamin E in the metabolic
processes and its membrane antioxidant role
In the last decade, a high number of so-called
novel functions of almost all forms of vitamin
E have been described, including regulation of
cellular signaling and gene expression. αtocopherol appears to be most involved in gene
regulation, whereas gamma-tocopherol appears
to be highly effective in preventing cancerrelated processes (Brigelius-Flohé, 2006).
Vitamin E is a lipid-soluble antioxidant
important for the maturation and function of the
immune system (Nakamura and Omaye, 2009;
Hedemann et al., 2011). The most important
role, however, is that in vivo antioxidant, which
protects against free radical attack fat
(Hennekens, 1998). -tocopherol is an efficient
scavenger of lipid peroxyl radicals and, hence,
it is able to break peroxyl chain propagation
reactions. The unpaired electron of the
tocopheroxyl radical thus formed tends to be
delocalized rendering the radical more stable.
The radical form may be converted back to tocopherol in redox cycle reactions involving
coenzyme Q. The regeneration of alphatocopherol from its tocopheroxyloxyl radical
greatly enhances the turnover efficiency of tocopherol in its role as a lipid antioxidant
(Wang and Quinn, 1999).
Most of the novel functions of individual forms
of vitamin E have been demonstrated in vitro
only and require in vivo confirmation. The
distinct bioactivities of the various vitamins are
discussed, considering their metabolism and the
potential functions of metabolites (BrigeliusFlohé, 2006). Among the vitamin E isomers,
RRR-α-tocopherol (α-T) has the highest in vivo
bioavailability and bioactivity tested with
different protocols, and also shows the highest
H-donating activity in vitro. In the liver tissue,

The antioxidant effects of vitamin E on pork
meat quality
The alteration of the meat may be a
consequence of lipid and pigment oxidation in
the meat (Alvares et al., 2008). Oxidation in
biological tissues should be avoided because
some negative biological effects have been
attributed to lipid oxidation products
(Guardiola et al., 2002; Niki et al., 2005;
Spiteller, 2006; Tres et al., 2009). In meat and
food products, oxidation might lead to a
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reduction of the sensory and nutritional quality
(Gray et al., 1996). Nevertheless this depends
on multiple factors, the most noteworthy being
the systems of conservation used and the level
of antioxidants present. The increase in tocopherol concentration in meat can be
achieved through vitamin E supplementation in
the animals’ diet at higher levels than the
nutritional requirements (Alvares et al., 2008).
In order for fattening pigs to reach an optimum
development under common environmental
conditions, it is recommended to supplement
their diet with vitamin E amounts of 15-40 mg
-tocopheryl acetate/kg fodder (Albers et al.,
1984). However it has been observed that
nutritional supplementation with -tocopheryl
beyond nutritional limits is an effective method
to improve the quality and stability of pork
meat during storage. The tocopherol
accumulated in the muscles is not being
degraded during the technological process thus
it is exercising the effect during processing also
during the storage of meat and meat products
(King et al., 1995; Miller et al., 1994).
Thiobarbituric acid reactive substances
(TBARS) are often used as markers for the
detection of odors in meat and therefore they
are used in this study as markers for the
detection of oxidative degradation process. The
detection limit of rancid odor in refrigerated
pork meat was determined by panelists is 0.50
mg (TBARS) expressed in terms of malonic
aldehyde (MA)/kg (Tarladgis et al., 1960).
During administration a quantity of 
tocopheryl acetate, 0-10 mg/kg feed, the critical
limit of 0.50 mg TBARS expressed as MA/kg
was reached after 6 days of storage under
refrigeration (0.50 to 2.96 mg) (Asghar et al.,
1991b; Monahan et al., 1993). In this sense, the
results obtained in a study conducted by
Ventanas, Tejeda and Estevez (2017) regarding
the induced lipid oxidation in the muscle biceps
femoris at different times of incubation for MA
content founded that the presence of high levels
of -tocopherol in Iberian pigs muscles
contributed to the lower amount of MA in
muscle homogenates.
The protective effect of α-tocopherol
supplementation against iron-induced lipid
peroxidation has been previously described in

Iberian pigs (Cava et al., 2000; Daza et al.,
2005).
Sensory analysis of the meat had been reported
in a few experiments, but recently it has been
shown that -tocopherol may be used in the
characterization of sensory pork chops and
preparations of pork chilled (freshness, softness
and juicy) (Dirinck et al., 1996). Exposure to
light of meat samples accelerates lipid
oxidation. This negative effect produced by
light can be eliminated by administering
vitamin E in pig feed, as nutritional
supplement. Vitamin E (DL-α-tocopherol)
which is primarily active as an antioxidant has
been reported to protect PUFA from free
radical attack in vivo and post-mortem in
animal tissues (Morrissey et al., 1994;
Gabryszuk et al., 2007; Mapiye et al., 2012).
It was noted that 6 days of refrigeration in the
absence of light, pork chops from animals
which have not been administered the vitamin
E supplement TBARS reached the level of 0.42
mg equivalent MA/kg while the addition of
vitamin E (-tocopheryl ethyl 200 mg/kg feed)
TBARS reached the value of 0.21 mg which
represents a 50% reduction in the amount of
TBARS of the first group (Buckley et al.,
1995). Various studies provide the evidence
regarding the fact that dietary vitamin E
supplementation decreases lipid oxidation in
pork (Buckley et al., 1995; Lahucky et al.,
2000; Pettigrew and Esnaola, 2001; Rosenvold
and Andersen, 2003; Dunshea et al., 2005;
Lahucky et al., 2005; Dikeman, 2007; Trefan et
al., 2011).
CONCLUSIONS
The supplementation of animal feeds with
vitamin E induces an increase in the content of
vitamin E in the muscles in post-mortem phase.
The amount of vitamin E is dependent on the
type of muscle, the quantity of supplement
administered (dose), and by the duration of
administration. An elevated level of
endogenous vitamin E ensures optimum quality
for pork meat and meat products. One of the
major advantages is that vitamin E reduces the
rate of oxidative degradation process measured
as TBARS values, thus improving the quality

116

and stability of meat and meat products during
storage.
The protective effect that vitamin E exerts over
oxidation in refrigerated meat and meat
products is very pronounced. Different factors
during processing have an impact on shelf-life,
quality characteristics and organoleptic of final
product (Lengkey et al., 2016). The process of
lipid peroxidation does not affect fresh meat as
it is distributed and consumed in a short period
of time. However a longer period of storage or
refrigeration failure as far as optimum
temperature for storage is concerned can
accelerate the oxidation process.
An important role in maintaining the quality of
meat products it is the vitamin E in animal
nutrition. The protective effect of vitamin E
appears to successfully complete other
preservation methods.
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A Review. International Journal of Meat Science1, p.
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Abstract
Research was made in Lunguletu, Dâmbovita County, an area in Romania with tradition in early potato culture. The
biological material used was the Carrera variety, with tubers of two size categories (35-45 mm and 45-55 mm) and
tuber fractions with 2-3 buds, cultivated in three culture systems (unprotected, protected with agril on the soil and
protected with a tunnel made of agril), both sprouted and unsprouted. The results showed that the 35-45 mm tubers
formed shorter stems compared to the 45-55 mm tubers and fractions, the plants’ growth being influenced also by the
protection system. Thus, at the beginning, the plants protected by the agril tunnel recorded heights between 12.7 cm
and 24.9cm, followed by the ones protected with agril on the soil, between 7.1 cm and 22 cm, while for the unprotected
ones the height of the stems had values between 4 cm and 10.6 cm. The number of tubers per nest was larger for the 4555 mm tubers for all culture variants, having values between 12 and 14.6. The tuber production was influenced by the
tuber preparation method and the culture system, the best results being obtained for the sprouted tubers for all studied
variants, with values between 3919 g for the unsprouted tubers protected with agril on the soil and 8848 g for the
sprouted tuber fractions protected with the agril tunnel.
Key words: early production, potatoes, protection system.

INTRODUCTION

and tuber production. Moreover, the tuber size
influences the spring of the plants; the bigger
tubers have a higher spring percentage and
form a larger number of main stems and more
tubers in the nest (Bărdaș, 2001). Although
many studies have been conducted on this
species the relationships between potato
cultivars and the dimension of the tubers still
have significant information to offer. Some
important studies were made a few decades ago
(Bremner and Taha, 1966) while others are
barely recent (Khan et al., 2010), constantly
offering new data due to the versatility of this
species. Early potato culture in lower covered
shelters using sprouted tubers resulted in the
highest production compared to other culture
systems and proved economically efficient
(Topan et al., 2006).
The physiological condition of the tuber highly
influences the spring process and its intensity,
the uniformity of the spring, plant growth and
tuber formation. Thus, for the early and very
early potato culture, sprouted tubers are used,

The potato, considered Romania’s second
bread, native to South America, is one of the
most cultivated species in various areas around
the globe thanks to its high ecological
plasticity, having an essential role in feeding
the planet’s inhabitants. The level of potato
production is influenced by the use of high
quality biological material (health condition,
integrity and biological value, (Galfi et al.,
2002), applying culture systems that improve
the obtained results and the use of varieties
with high productive potential and genetic
resistance to disease and pests, by the climate
conditions of the area where the culture is
located (Masarirambi et al., 2012) and the used
technology (Fabeiro et al., 2001; Ierna and
Parisi, 2014; Marin et al., 2014). The research
made by Diaconu, 1999 for some varieties,
quoted by Donescu, 2002, shows that there is
tight connection between the variety, number
of eyes, number of sprouts, number of stems
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for which the tuber formation occurs earlier,
leading to a shorter vegetation period; for the
cultures destined for industrialization, storing
and consumption during autumn-winter, nonsprouted tubers are used, which elongate the
vegetation period (Vârcan et al., 2002).
In order to reduce the cost of seedling material
it is recommended to section the tubers of over
60 mm in diameter. In this situation the
planting must be done at the same distances
used in the case of middle-sized tubers
(Hossain et al., 2011).
Research made for the potato plants led to
elaborating a modern technology for potato
production for seeds, including for in vitro
reproduction of potato varieties that resist to
climatic conditions in Romania, varieties with
genetic resistance to viruses and other pathogens,
which require less treatment against diseases and
pests, varieties more resistant to thermic-hydric
stress, water excess and fertilizers.
It is a known fact that the planting material
(potato for seeds) that fulfills the biological,
phyto-sanitary and physic requirements
represents the key to a large, constant and
qualitative production.
Obtaining micro tubers in vitro through meristems cultures, free of viruses and within a
shorter period of time compared to classical
methods, is also performed in Romania (Chiru,
2002), but it is a technology well spread in
countries that are large producers of potatoes
for seeds such as Holland, France, Germany
etc. Minitubers obtained using biotechnology
are between 5-35 mm, can be produced during
the entire year and are recommended for obtaining high quality seeds (Chiru and Antofie,
1997). In addition, by using biotechnology for
potatoes, gene transfer can be performed in
order to obtain high quality genetic material
(Philippa and Barrella, 2013).
After conducting numerous studies as a general
statement it can be said that micro tubers obtained in vitro, regardless of size and variety, can
successfully produce mini-tubers in direct field
conditions which in turn facilitates the production of quality seeds (Srivastava et al., 2015).

loamy-sandy texture and thickness of the A
horizon of 21 cm. Soil analyses before the
culture showed that the soil had a content of
total soluble salts of 0.06%, N 15.4 ppm, P 288
ppm, K 400 ppm, content in humus 1.56% and
pH 7.56. For the research, the Dutch variety
Carrera was used, having tubers from two
categories of size and fractions of 2-3 buds,
cultivated in three systems (Figure 1), sprouted
and non-sprouted.
The experiment was organized according to the
subdivided parcels method, with 18 experimental variants, each one with 3 repetitions, 30
plants per repetition, an area of 285 m2 per
experiment, according to the experimental
scheme (Table 1).
Soil preparation was made through mechanical
works for loosening and grinding and basic
fertilization with manure of 30 t/ha and mineral
fertilizers N 120 kg/ha, P2O5 40 kg/ha and K2O
50 kg /ha, incorporated through soil preparation
works.
A part of potato tubers were put aside to shoot
for 12 days, the other part was stored, to be
used as non-sprouted. In the planting day, the
large tubers were divided in fractions with 2-3
buds.
Table 1. Experimental scheme
Culture
protection
system

Not protected

Variant
V1
V2
V3
V4
V5
V6

Protected with
agril on the
soil

V7
V8
V9
V10
V11
V12

Protected with
lower tunnel,
covered with
agril

MATERIALS AND METHODS
The experiment regarding the culture of early
potato was conducted in Lungulețu, Dâmbovița
county, on an non evolved alluvial soil, with

V13
V14
V15
V16
V17
V18
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Tuber size
(mm)

Preparation
of tubers

35-45
35-45
45-55
45-55
Tuber
fractions
Tuber
fractions
35-45
35-45
45-55
45-55
Tuber
fractions
Tuber
fractions
35-45
35-45
45-55
45-55
Tuber
fractions
Tuber
fractions

Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted
Sprouted
Non-sprouted

3 days earlier, compared to the covering of the
soil with agril for the sprouted tubers, and 8
days earlier, compared to the sprouted tubers
from unprotected systems. These differences in
springing between the protection systems were
also noticeable for the non-sprouted tubers, but
the spring occurred 4-8 days later than the
sprouted tubers (Figure 2).

Figure 1. The systems of culture

The planting was mechanically made on billons
with 2 MPC + U 445 on March 9th 2016, at a
distance of 0.7 m/0.25 m, resulting a density of
5.7 plants/m2. Temperature at planting was
100C in the air and 60C at soil level.
Maintenance works were performed in order to
create favourable conditions for the growth and
development of potato plants. The treatment
against weeds was made with Arcade, a
selective herbicide, applied on the surface, preemergent
against
annual
grassy
and
dicotyledonous weeds, with a combat rate of
over 90%. Phyto-sanitary protection was made
by applying 5 treatments for disease combat
and one for the potato bug, at a time interval of
7 days, with Bravo 500 SC, Revus 250 SC,
Ridomil Gold MZ 68 WG + Actara 25 WG,
Consento 450 SC and Shirlan 500 SC.
During the research, observations were made
regarding the phenology of potato plants,
number of stems/nest, number of tubers/nest,
number of tubers/m², average weight of tubers,
tuber production per nest and per m².

Figure 2. Tuber spring duration (days)

Analyzing the dynamics of stem growth during
three weeks, it was observed the influence of
the size of the planting material, of the
protection system and of tuber preparation
method for planting (Figure 3).

RESULTS AND DISCUSSIONS

Figure 3. Stem growth dynamics (cm)

After processing the field data, it was noted
that plant spring was influenced both by the
tuber size and by the crop protection system.
For the variants grown in an unprotected
system, the spring occurred later due to lower
temperature and the larger difference between
day and night, both for the sprouted and the
non-sprouted tubers, i.e. 30 and 34 days,
respectively. For crops protected with agril on
the soil, sprouted tubers sprang after 25 days
and the non-sprouted tubers after 30 days. The
tunnel made from agril led to plants springing

At the beginning of the plant growth period, it
was observed that from the tubers with 35-45
mm calibre shorter stems formed, compared to
the 45-55 mm tubers and from fractions, for all
protection variants.
As the environmental conditions improved, the
growth differences between the studied variants
lowered; still, 45-55 mm tubers and the
fractions led to a more vigorous stem growth.
Regarding the protection system, it was noticed
that the plants protected with tunnels made
from agril had higher heights because a
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favourable microclimate was created, with heat
accumulation that accelerates their growth, the
height values being between 12.7 cm and 24.9
cm, for protection with agril on the soil the
values were between 7.1 cm and 22 cm, while
for the unprotected, the stems were between 4
cm and 10.6 cm.
The influence of tuber preparation was
obvious; for sprouted tubers the stem growth
was larger compared to the unsprouted tubers,
regardless of the tuber size or protection
system.
The average number of stems per plant (Table
2) was within the limits of the specialized
literature, between 2 and 5, results also
obtained by (Masarirambi et al., 2012).
Analyzing the influence of tuber size on the
number of formed stems, it was noted that 4555 calibre tubers and some fractions formed a
larger number of stems compared to 35-45 mm
calibre tubers that have a lower quantity of
nutrients and a lower vigour.
Hossain et al., 2011, in a study conducted in
Bangladesh at the Agriculture Research
Institute noticed that the large tubers formed a
big number of stems in comparison with the
middle-sized and small tubers. The protection
system slightly influenced the number of
formed stems, the largest number of stems
being recorded for the protection with agril on
soil and agril tunnel.
Using the sprouted and unsprouted tubers
influenced the stem formation, for the
unprotected system the best results being very
significant positive for the 45-55 mm tubers
(V3) and distinct positive for V2, V4 and V5
on nonprotected culture (Figure 4).
For protection with agril on soil (Figure 5) were
obtained results very significant positive for the
sprouted tubers and unsprouted of 45-55 mm
calibre, while for the tunnel protection the
results (Figure 6) were very significant positive
for the variants with 45-55 mm tubers and
fractions (V15, V16, V17, V18).
The tuber formation was influenced by the
studied factors (Table 3).
Analyzing the influence of the size of the
planting material on the tuber formation, it was
observed that the planting material of 35-45
mm calibre produced a lower number of tubers
for the agril tunnel protection system (8.6
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tubers/plant), while for the agril on soil
protection method the number was slightly
larger, respectively 9.6 tubers/plant and 11
tubers/plant. The 45-55 mm calibre planting
material produced the best results, the number
of tubers per plant being the largest for all
protection systems.

Figure 4. The culture nonprotected

Figure 5. The culture protected
with agril on the soil

Figure 6. The culture protected
with tunnel covered with agril

Table 2. Average number of stems/nest
Experimental variant
V1
V2
V3
V4
V5
V6

Average number of stems/variant (nest)
2.4
3
3.6
3
3
2.6
LSD 5%= 0.33 piece, LSD 1%= 0.47 piece, LSD 0.1% =0.68 piece
2.6
2.4
5
4
2.8
2.4
LSD 5%= 0.28 piece, LSD 1% =0.41 piece, LSD 0.1%= 0.59 piece
2
2
4
3
3.6
3
LSD 5% =0.29 piece, LSD 1% =0.42 piece, LSD 0.1% =0.61 piece

V7
V8
V9
V 10
V 11
V 12
V 13
V 14
V 15
V 16
V 17
V 18

The tuber preparation method recorded a very
weak influence on this production indicator.
The number of obtained tubers per sqm was
directly correlated with the number of tubers
obtained per plant, varying between 42.8-74.2
for the unprotected system, 45.6-82.7 for the
agril on the soil and between 51.3-84.2 for the
agril tunnel.
Analyzing the results obtained from a
statistically point of view regarding the average
number of tubers per nest, it was observed that

Significance
Mt
**
***
**
**
N
Mt
N
***
***
N
N
Mt
N
***
***
***
***

for the unprotected system the results were
very significantly positive for the 45-55 mm
tubers, both sprouted and unsprouted while the
smallest results, very significantly negative,
being recorded for the tuber fractions, both
sprouted and unsprouted; similar results were
obtained for the protection system with agril on
the soil, while for the agril tunnel protection
system very significantly positive results were
obtained for the fractions and 45-55 mm tubers.

Table 3. Average number of tubers/nest and per m2

V1
V2

Tubers
/nest
11
11

V3

12.6

71.3

***

V4

13

74.2

***

V5
V6

9.6
7.4

000
000

V7
V8
V9
V 10
V 11
V 12

9.6
9.6
14.6
13
8.6
8

54.2
42.8
LSD 5% =2.76 piece, LSD 1% =3.94 piece, LSD 0.1% =5.70 piece
54.2
54.2
82.7
74.2
48.5
45.6
LSD 5% =3.92piece, LSD 1%= 5.59 piece, LSD 0.1% =8.08 piece

V 13
V 14
V 15
V 16
V 17
V 18
Average

9
8.6
13
12
11.6
9.6

51.3
56.5
84.2
78.5
65.6
62.2
LSD 5% =4.32 piece, LSD 1%= 6.14 piece, LSD 0.1% =8.89 piece

Mt
*
***
***
***
***

Experimental variant
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Tubers/m²

Significance

62.8
62.8

Mt
N

Mt
N
***
***
00
000

Tuber production (Table 4) was influenced by
the size of the planting material, the largest
production being obtained for the 45-55 mm
calibre tubers and tuber fractions, results also
obtained by Masarirambi et al., 2012.
Crop protection had a positive influence on the
potato production, the largest production being
recorded for the crops protected by agril

tunnels, with sprouted tuber fractions (8388
g/m2), being statistically ensured, followed by
the protection with agril on the soil (V11, V12).
It was noted that the tuber pre-ploughing
method influenced tuber production, as the
production for the sprouted tubers was larger
than the unsprouted ones.

Table 4. Average tuber production/nest and per m2
Experimental variant

Prod./nest
(g)

Production/m²
(g)

Significance

V1

950.5

5431.0

Mt

V2

807

4611.0

000

V3

927.5

5299.0

N

V4

774.0

4422.0

000

V5

935.5

5345.0

N

V6

872.5

4985.0

000

LSD 5% =185 g, LSD 1% =264 g, LSD 0.1% =382 g
V7
V8
V9
V 10

886.5
686.0
1044
888.5

5065.0
3919.0
596.0
5076.0

Mt
000
***
N

V 11
V 12

1119.5
1115.0

6396.0
6371.0

***
***

LSD 5% =373 g, LSD 1% =531 g, LSD 0.,1% =
V 13

939.0

5365.0

Mt

V 14

838

4788 .0

000

V 15

1095.5

6259.0

***

V 16
V 17

972.0
1468.0

5554.0
8388.0

*
***

V 18

1027.5

5871.0
LSD 5% =185 g, LSD 1% =264 g, LSD 0.1% =382 g

***

CONCLUSIONS

being obtained for the protection system with
agril tunnel (V17).
The springing of the tubers before planting
represents a favourable factor for increased
potato production. This element was visible in
all protection systems, including the
unprotected ones.

The average number of tubers per nest was
influenced by the size of the tubers used for
planting, the best results being obtained for the
45-55 mm tubers for all protection variants,
that were statistically ensured.
Tuber fractions protected by agril tunnel
produced a large number of tubers per nest, the
results being statistically ensured.
The largest number of tubers per m2 was
obtained for the tunnel protection, followed by
the agril on soil and unprotected system.
Potato production was influenced by the size of
the tubers used for planting, the largest
production being obtained for the tuber
fractions and 45-55 mm tubers.
Crop protection influenced the growth the
potation production, the largest production
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Abstract
The development of animal production is a priority because it provides the most important food resources from the
nutrition point of view for the entire population, and the demographic explosion and rise of living standard have led to
the increased demand for food of animal origin. The profitability of pig growth is influenced by their rational feeding. It
is known that food production expenses have the largest share in food production, varying between 60 and 80% of the
total of these expenditure. As a result, particular attention should be paid to the maximum efficiency of compound feed
in order to make it transformed in human food products with an as high as possible percentage. To achieve this goal,
the nutrients from the ratio should be correlated with the physiological requirements of the animals. For this purpose,
in this paper was analyzed the influence of maize, barley and peas hybrids on the apparent digestibility of nutrients
from the compound feeds for pregnant sows, lactating sows and piglets during weaning. The preparation of recipes for
mixed feeds requires a good understanding of the basic principles of nutrition and how diet should be individualized
based on age, gender, physiological status. The apparent digestibility of the analyzed organic substances (crude
protein, crude fat, crude fiber) from the compound feed recipes was influenced by the chemical composition of the
compound feeds used, especially the crude fiber content, as well as the swine physiological state.
Key words: digestibility, pig, nutritive substances, hybrids of mayze, barley, peas.

INTRODUCTION

digestibility. The apparent or actual
digestibility values can provide an overview of
the proper feeding of animals.
Of the various techniques that have been used
so far, conventional digestibility experiments
are the safest method for measuring feed
digestibility. However, generally, these
methods are generally quite costly and require a
relatively long time. The time and expenses
involved in digestion experiments can be saved
by using the inertial indicator method.
The digestibility of nutrients in a fodder
composition can also be assessed on the basis
of the chemical composition of the feed (Șara
and Bențea, 2011).
In order to determine the level of amino acids
to be provided through compound feed for pigs,
a number of techniques have been developed to
allow the appreciation of apparent and real
digestibility of protein and amino acids in the
small intestine (Gâlcă and Drăgotoiu, 2003).
It is important to consider when it is
appreciated the fodder digestibility, the fact that
it is influenced by a number of feed-dependent

The need to achieve higher results in the animal
husbandry domain has resulted in artificial
breeding conditions, especially for pigs. In
parallel with this, the widening of the range of
fodder feed components of compound feed
used in the feeding of these species, the
introduction of new qualitatively differentiated
ingredients (new hybrids of cereals or oil
plants) has required the reassessment of the
nutritional potential of fodder on new bases.
Based on the knowledge gained in the field of
animal nutrition, technical and scientific
progress has led both to the development of
biochemical
testing
methods
and
methodologies, as well as the use of new
procedures to elucidate some morphoproductive aspects of animals. Among these, it
is of particular importance to know the way in
which animal nutrients are used by animals
(Marin et al., 2016).
One of the most important factors which
determine the nutritional value of a fodder is its
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factors (chemical composition, ingested
quantity, proportions of fodder that compose
the ratio, ratio volume, preparation technique),
animal (species, breed, age, physiological state,
health), feeding technique (number of meals,
presentation form).
The aim of the paper is to determine the
influence of maize, barley and peas hybrids on
the apparent digestibility of nutrients from
compound feed recipes for pregnant sows,
lactating sows and piglets during weaning.

were divided into 4 batches and 20 piglets aged
about 35 days were divided into 4
homogeneous batches according to age and
weight.
The ingredients that have been used to
formulate the compound feed recipes can be
grouped into raw energy materials, vegetal
origin proteins, animal origin proteins, mineral
ingredients, vitamin-mineral premixes.
In order to formulate the recipes for the
compound feed intended for feeding pregnant
sows and piglets during the weaning period will
constitute the biological material used in the
done research were determined a number of
constituents of the main ingredients used, as
well as of improved plants represented by the
Turda maize, 21-1G barley and Tudor pea
(Table 1).

MATERIALS AND METHODS
The biological material was represented by pigs
of the Big White breed, respectively 12
pregnant sows in the second month, which
were divided into 4 batches, 12 lactating sows

Table 1. Nutritional value of the main feed materials used in compound feed recipes
Fodder
Maize
Turda maize
Barley
21-1G barley
Soybean meal
Sunflower meal
Wheat bran
Tudor pea
Fish meal

DM
%
86.12
88.84
86.09
89.90
88.21
90.55
86.11
87.08
90.00

CP
%
8.21
7.11
10.48
11.69
46.17
38.89
13.95
18.66
60.00

Lysine
%
0.20
0.17
0.33
0.35
2.90
1.46
0.52
1.50
4.11

Met+Cist
%
0.30
0.27
0.41
0.42
1.33
1.58
0.41
0.52
2.24

Tryptophan
%
0.07
0.06
0.14
0.15
0.55
0.56
0.20
0.21
0.60

The Turda maize is a trilinear, semi-hard
hybrid, with good resistance to low
temperatures during the first part of the
vegetation period, dropping and breaking,
drought, grain defects, diseases and pests. The
crude protein determined content is 7.11%,
crude fat 2.92%, crude fiber 3.87%.
The maize is characterized by a high energy
value. The biological value of the protein is low
due to the low proportion of lysine, tryptophan.
Corn is poor in mineral elements and especially
in trace elements. For pigs, it represents often
the basic feed in the compound feed structure.
Barley 21-1G is a hybrid with a crude protein
content of 11.69%, a crude fat of 1.66%, a
crude fiber of 5.89%. Barley can be used in all
the categories of pigs, the barley protein being
made of albumin, globulins and prolamins.
Peas are used in animal feed as a source of
protein, but also energy. With a medium crude
protein content, a balanced content of amino
acids, peas are used as an intermediate source
of protein and energy, between soy meals and

Calcium
%
0.03
0.03
0.13
0.13
0.22
0.42
0.14
0.14
6.50

Phosphorus
%
0.23
0.23
0.30
0.30
0.71
1.05
1.01
0.35
3.20

Crude fiber
%
3.07
3.87
3.55
5.89
3.54
16.12
10.05
6.33
0.00

ME
(kcal/kg)
3355
3330
2973
2993
2950
2740
2414
2942
2850

cereal grains. The Tudor peas have a high
production potential of over 5,000 kg/ha and
resistance to fall, the grains having a content of
crude protein of 18.66%, crude fat of 0.57%,
crude fiber of 6.33%.
The chemical analyzes aimed to determine the
crude chemical composition of feed: dry matter
(gravimetric method), crude protein (Kjeldahl
method), crude fat (Soxhlet method), crude
fiber (intermediate filtration method), crude ash
(gravimetric method). In addition, amino acids
have been determined, such as lysine,
methionine, cystine (HPLC method). The
mineral elements that were analyzed are
calcium
(spectrophotometric
method),
phosphorus (photometric method).
The determination of cellulose through the
Weende method leads to the obtained valyes
not to be in line with reality, meaning that
besides the cellulose are included other
elements (pectic substances, hemicellulose,
lignin) (Pop et al., 2006). For this reason, the
expansion of the use of other methods that can
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separate cellulose from other components, such
as the method proposed by Van Soest, which
determines the acid detergent fiber (ADF),
which is cellulose and lignin from a fodder, and
neutral detergent fiber (NDF), which contains
in its composition cellulose, hemicellulose and
lignin from fodder.

During the control period, the amount of feed
administered daily to the animals is registered,
and are weighted after each and every meed,
the eventual unspent food scraps, as well as the
faeces produced. From food and faeces are
taken samples to perform chemical analyzes.
For the analyzed constituent nutrients of the
compound feed, the apparent digestibility
coefficients (aDC) were calculated according to
the formula:

Table 2. Content in ADF and NDF of tested feeds
Fodder
Maize
Turda maize
Barley
21-1G barley
Soybean meal
Sunflower meal
Wheat bran
Tudor pea

ADF
(% from DM)
2.98
3.11
2.84
4.36
7.58
15.03
14.21
6.25

NDF
(% from DM)
7.85
8.54
7.93
11.71
12.01
39.25
30.17
14.59

aDC(%)= Ingested substance - Faeces substance x 100
Ingested substance

The recipes of the compound feed have been
developed for the three swine categories,
namely pregnant sows in lactation and piglets
aged about 35 days. The recipes are similar in
terms of energy content, crude protein, amino
acids,
lysine,
methionine
+
cystine,
macroelements (Ca and P), crude fiber. The
compound feeds have been formulated to meet
the nutritional requirements of animals
(Drăgotoiu et al., 2014).
The variables from the compound feed
formulations were represented by the breeded
plants included in the recipes, namely the
Turda maize, 21-1G barley and Tudor peas
(Tables 3, 4, 5).

Close results are presented by Sauvant et al.
(2002) in the research undertaken.
The digestibility of the compound feed was
determined in the simple in vivo experiments
that involved the determination of ingested and
faecal quantities. By doing the difference, the
digested quantity for each nutrient is obtained
(Drăgotoiu, 2014).
The tested foods were provided in appropriate
quantities for the entire experimental period,
and optimum storage conditions were
maintained to maintain the chemical
composition and nutrition value unchanged.
The spaces in which the animals were housed
have made it possible to accurately measure the
amounts of daily feed consumed, the possible
food remainings, the faeces removed.
The digestibility experiments had a duration of
17 days and included 2 periods, respectively
one preparatory (7 days) and one for control
(10 days).
During the preparatory period, the batches of
the animals are to be organized as
homogeneously as possible, dewormed and
dehilminise, as well as the health and behavior
of the animals are monitored. Moreover, it is
aimed to habituate animals to the experimental
fodder, it is determined the amount of ration to
be administered during the control period (in
principle the ration must be consumed entirety),
and ensure the removal of undigested residues
from the food previously administered, so that
the faeces produced effectively to represent the
undigested parts of the tested feed (Pop, 2006).

Table 3. Recipes of compound feed intended for
pregnant sows used during the experimental period
Specification
Maize
Turda maize
Barley
21-1G Barley
Tudor peas
Soya meal
Sunflower meal
Wheat bran
L-lysine
Carbonate calcium
Dicalcium
phosphate
Vitamino-mineral
premix
Salt
Total
Metabolisable
energy (kcal/kg)
Crude protein (%)
Lysine (%)
Methion.+cyst. (%)
Calcium (%)
Phosphorus (%)
Crude fiber (%)
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C
50.00
0.00
20.00
0.00
0.00
0,00
17.50
8.00
0.18
1.82
1.50
0.50

Compound feed recipes
E1
E2
0.00
50.00
0.00
50.00
10.00
0.00
0.00
20.00
0.00
0.00
3.00
0.00
14.50
16.50
18.00
9.00
0.14
0.18
1.80
1.82
1.52
1.50
0.50

E3
40.40
0.00
20.20
0.00
12.00
0.00
13.00
10.50
0.04
1.61
1.45

0.50

0.50

0.50
0.50
100.00
100.00
Recipes parameters
2944
2883

0.50
100.00

0.50
100.00

2945

2913

14.12
0.60
0.54
1.17
0.72
5.87

14.11
0.59
0.53
1.17
0.72
6.28

14.17
0.60
0.51
1.08
0.70
5.86

14.13
0.62
0.52
1.17
0.78
6.54

RESULTS AND DISCUSSIONS

Table 4. Recipes of compound feed for lactating sows
used during the experimental period
Specification
Maize
Turda maize
Barley
21-1G Barley
Tudor peas
Soya meal
Wheat bran
Fish meal
L-lysine
Carbonate calcium
Dicalcium
phosphate
Vitamino-mineral
premix
Salt
Total

C
62.00
0.00
10.00
0.00
0.00
15.50
3.00
6.00
0.18
0.80
1.52

0.50

Following
the
performed
digestibility
experiments on the three swine categories, the
digestibility coefficients were obtained for the
12 types of compound feed recipes (Table 6).

E3
58.00
0.00
7.50
0.00
12.00
13.00
0.00
6.00
0.09
0.81
1.81

Table 6. Apparent digestibility of organic substances in
the compound feed recipes for pigs
Compound feed
For pregnant sows
Control recipe

0.50

0.50

0.50
0.50
100.00
100.00
Recipes parameters
3078
3062

0.50
100.00

0.50
100.00

E2 recipe

3080

3076

E3 recipe

17.31

17.34

17.43

17.39

Lysine (%)

1.01

1.00

1.01

1.01

For lactating sows
Control recipe

Methionine+cystine
(%)
Calcium (%)

0.58

0.58

0.58

0.57

E1 recipe

1.13

1.14

1.13

1.12

E2 recipe

Phosphorus (%)

0.79

0.80

0.79

0.81

E3 recipe

Crude fiber (%)

3.11

3.60

3.34

3.26

Metabolisable
energy (kcal/kg)
Crude protein (%)

0.50

Compound feed recipes
E1
E2
0.00
62.00
0.00
62.00
8.00
0.00
0.00
10.00
0.00
0.00
17.50
15.50
3.00
3.00
6.00
6.00
0.13
0.13
0.80
0.80
1.57
1.57

E1 recipe

For piglets
Control recipe

Table 5. Recipes of compound feed for piglets used
during the experimental period
Specification
Maize
Turda maize
Barley
21-1G Barley
Tudor peas
Soya meal
Fish meal
Vegetal oil
L-lysine
DL-methionine
Dicalcium
phosphate
Vitamino-mineral
premix
Salt
Total

C
62.00
0.00
10.00
0.00
0.00
15.50
8.00
1.70
0.27
0.10
1.13

1.00

E2 recipe

E3
60.00
0.00
3.00
0.00
12.00
12.50
8.00
1.70
0.21
0.10
1.19

1.00

1.00

0.30
0.30
100.00
100.00
Recipes parameters
3205
3189

0.30
100.00

0.30
100.00

3207

3195

18.09

18.13

18.21

18.05

Lysine (%)

1.15

1.17

1.17

1.17

Methionine+cystine
(%)
Calcium (%)

0.70

0.70

0.70

0.71

0.86

0.86

0.86

0.87

Phosphorus (%)

0.75

0.76

0.75

0.75

Crude fiber (%)

2.81

3.30

3.04

3.15

Metabolisable
energy (kcal/kg)
Crude protein (%)

1.00

Compound feed recipes
E1
E2
0.00
62.00
0.00
62.00
8.00
0.00
0.00
10.00
0.00
0.00
17.50
15.50
8.00
8.00
1.70
1.70
0.25
0.27
0.10
0.10
1.15
1.13

E1 recipe

E3 recipe

Apparent digestibility (%)
PB
GB
CB
83.3
+9.12
83.1
+8.12
85.1
+8.55
82.9
+7.69

64.0
+8.53
63.5
+7.39
63.1
+9.12
63.8
+6.06

35.7
+4.12
33.8
+7.22
32.8
+5.44
35.4
+5.96

88.3
+7.14
85.2
+8.03
86.4
+8.54
87.7
+6.67

62.8
+5.14
63.5
+7.22
62.9
+6.45
63.5
+7.87

38.9
+5.12
37.7
+6.03
37.0
+4.38
38.5
+4.14

83.3
+7.83
80.4
+8.42
82.4
+7.26
81.1
+7.54

60.4
+5.27
58.2
+4.69
61.4
+7.17
59.6
+4.95

33.6
+3.77
30.4
+5.32
31.8
+4.46
32.4
+3.69

For pregnant sows, if the variable in the
compound feed recipe was Tudor maize (Table
3), soybean meal was added in combination
with the one of sunflower for balancing the
protein from recipes. If in the compound feed
recipe was added the 21-1G barley, which
replaced the barley, the nutritional balancing of
the experimental recipes to the control was
made by modifying the proportion of sunflower
grain and wheat bran participation. By
introducing Tudor pea into the compound feed
recipe, it was required an adjustment of the
share of maize (a decrease of 9.60%), a
reduction in the proportion of vegetable protein
feed (sunflower meal and wheat bran), and the
reduction of synthetic lysine (from 0.18% at the
control recipe to 0.04% at E3).
It is also noted that the use of 21-2G barley
improved the apparent digestibility of crude
protein over other recipes, with significant
differences (Table 6). The digestibility of the
crude fat did not show significant differences
between batches, varying between 63.1% and

The results obtained have been statistically
tested using the Student test to prove the
differences between the environments.
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64%, while the digestibility of the fiber
registered the lowest value in the case of the
21-1G barley (32.8%), the differences being
significant compared to the control batch and
E3.
For lactating sows, the compound feed recipes
in which the Turda maize was used (Table 4) to
replace the maize with a protein content of
8.21% required a protein balance by increasing
the share of soybean meal by 2% at the E1
batch, in parallel with the reduction of L-lysine
addition from 0.18% (at the control batch) to
0.13% (at E1). The recipe in which the barley
was replaced with the 21-1G barley did not
require adjustments to balance nutritional
parameters. In the compound feed recipe with
added Tudor peas, for the formulation of
isocaloric and isoproteic recipes, no wheat bran
was introduced, the proportion of participation
was reduced compared to the control batch for
maize by 4%, for barley by 2.50%, for soybean
meal by 1.50%.
Regarding the apparent digestibility of the
analyzed organic substances (Table 6), it was
observed a diminution of the crude protein
digestibility coefficient for the batch where the
21-1G barley was used due to the higher
proportion of the crude fiber.
The structure of compound feed recipes for
piglets during the weaning period, as well as
their quality indexes were appropriate for the
age category by respecting the nutritional
requirements (Table 5). In order to ensure a
protein level of 18.05-18.21% CP and energy
level of 3189-3207 kcal ME/kg, in the case of
use of Turda maize in recipes, it was necessary
to reduce the participation proportion of barley
by 2% (E1) and increase the participation of the
soybean meal by 2% in the experimental recipe
compared to the control. In the case of
replacing the barley with the 21-1G barley in
the compound feed recipe for piglets, the
proportions of ingredients have not changed
since the parameters of the recipes have been
kept within the limits recommended for this
category. The compound feed recipe in which
the Tudor pea was introduced to ensure the
nutritional balance of the piglets required a
reduction in the proportion of maize by 2%, of
barley by 7%, of soybean meal by 3%, as well
as for the addition of synthetic lysine by 0.06%.

The apparent digestibility of the crude protein
(Table 6) showed diminished values while
using the Tudor maize due to an increase in the
crude fiber of the compound feed recipe,
situation which was maintained in the case of
crude fat and brute fiber.
Close results have been obtained by Lowell et
al. (2015), who introduced in the compound
feed recipes corn, wheat, sorghum, and
combinations of corn and soybean meal, canola
meal, distillers dried grains, corn germ meal,
corn bran, wheat middlings, and soybean hulls.
The results of this research indicate that the
apparent digestibility values of CP and GE
obtained in gestating sows are greater than the
values obtained in growing pigs, but apparently
the digestibility of the fiber obtained in
growing pigs is not different from the
digestibilities in gestating sows.
Differences of apparent digestibility between
adult and young swine have been observed by
Le Goff and Noblet (2001), Guilloteau et al.
(2010), Hanczakowska si Świątkiewicz (2014),
because the older animals have better
developed digestive tract and thus can digest
fibre more efficiently.
CONCLUSIONS
For the efficient use of feeds both in terms of
quality and quantity (improved performance),
several aspects need to be combined,
respectively the compound feed recipes should
be balanced in terms of nutritional principles.
The compound feed recipes must incorporate
all the categories of raw materials to give them
added value, enabling them to improve the
quality of the products obtained.
The weight of inclusion of the improved raw
material should be optimal for the structure
formulated by the compound feed according to
the nutritional recommendations specific to the
animal species, age category etc.
The apparent chemical digestibility differences
of the analyzed organic substances (crude
protein, crude fat, crude fiber) were influenced
by the chemical composition of the feeds used,
namely Turda maize, 21-1G barley and Tudor
peas that were introduced into the compound
feed recipes, the determinant being the crude
fiber content.
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The apparent digestibility of organic substances
in the compound feed recipes was further
influenced by the age and the physiological
state of the swine.
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Abstract
The Earth Observation (EO) satellite data provided within the Copernicus Programme supports the monitoring and
sustainable management of agriculture. For example, satellite data are useful for agriculture mapping, crop health
monitoring, land planning, disease mitigation, crop yields estimation, precise agriculture, and sustainable irrigation
water management. The identification of non-authorised water abstractions for irrigation is of high importance since
the drought phenomenon is increasingly in the past decades due to climate change. This aspect is addressed by DIANA –
“Detection and Integrated Assessment of Non-authorised water Abstractions using EO", a project funded by the
European Commission in the frame of H2020 (European Union Framework Programme for Research and Innovation).
The project will integrate data acquired by the Sentinel missions (Sentinel-1, Sentinel-2 and Sentinel-3) and as well
Landsat and MODIS. Other types of data (meteorological, land use/land cover, digital elevation models, soil, etc.) will
support the satellite data processing and the generation of value-added products. In addition, the project aims at
significantly improve the monitoring and assessment of the water management policies and practices. As the project is
in its initial phase, the results presented in this article are preliminary. The project will demonstrate the relevance of
EO data for sustainable agriculture management and will bring societal and environmental benefits to the end users.
Key words: Earth Observation satellite data, agriculture, water management, DIANA project, Copernicus Programme.

INTRODUCTION

fertilization and pest management, land use and
land cover change detection, soil mapping,
water
resources
management,
policy
monitoring and control, etc. Hence, EO satellite
imagery plays an important role in precision
agriculture by providing accurate information
with high frequency, over wide areas.
Likewise, the identification of the irrigated area
sand the estimation of the abstracted water
volumes using EO satellite data represent a
reliable basis for farmers, agronomists and
responsible authorities in support of sustainable
water management. Moreover, EO satellite
imagery is beneficial in identifying the illegally
irrigated areas and the non-authorised water
abstractions for irrigation considering that it
allows a significant reduction of the traditional
field inspection costs for the detection and
monitoring of the illegal activities. In this
context, the Sentinel-1 and Sentinel-2 satellite
missions of the Copernicus Programme provide
timely and easily accessible information for
regular land monitoring. The present study is
developed within the H2020 DIANA Project
that aims at leveraging the EO Copernicus data

Today, Earth Observation (EO) satellite
imagery represents an invaluable source of
information that enables the assessment and
monitoring of certain natural phenomena or
anthropogenic processes on our planet. With
more than forty-five years of continuous
satellite acquisitions, evolution trends can be
identified, thus the implementation of coherent
and informed agricultural and environmental
management programmes can be achieved
based on a consistent background. Extensive
scientific research has been conducted to
extract meaningful information from long-term
series of satellite data acquired by different
remote sensing sensors in terms of imaging
systems and resolution. But the transition from
scientific research to operational services is of
utmost importance. EO satellite data are
increasingly
exploited
for
operational
agricultural services, covering a wide range of
topics such as parcel and crop identification,
crop growth and health monitoring and
assessment, yield estimation and prediction,
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for the detection and integrated assessment of
non-authorised water abstractions.

geocoded Sentinel-1 data (acquisition date: 16
April 2017)covering the Urseni test area is
presented in Figure 1 (©Copernicus Sentinel
data 2017). Sentinel-2 data consist of products
with the 1C (top-of-atmosphere reflectances) or
2A (bottom-of-atmosphere reflectances in
UTM WGS84 projection) processing level
derived from data acquired from the relative
orbit no 36. Figure 2 (© Copernicus Sentinel
data 2017) illustrates a sample of Sentinel-2
data (acquisition date: 12 April 2017)
corresponding to Urseni test area.
Landsat 8 data consists of images acquired from
the 186/028 relative orbit. These images are
radiometrically and geometrically (precision
terrain) corrected (processing level L1T).A
Landsat 8 satellite image (© Data available from
the U.S. Geological Survey 2017) is presented in
Figure 3 (acquisition date: 14 April 2017).

MATERIALS AND METHODS
The test area and one of the project's pilot cases
is called "Urseni" and it is located southeast of
Timisoara (latitude 45.690 N, longitude 21.310 E),
in the historical Banat Region of Romania. The
area is mainly covered by agricultural fields and
villages and has an average altitude of 91 m.
Urseni is situated within the Timis River Basin
and has an exceptional aquifer potential.
The study was performed based on satellite
images acquired by Sentinel-1, Sentinel-2 and
Landsat 8 between July 30, 2015 and June 21,
2017. The Sentinel-1 mission is a constellation
of two C-band Synthetic Aperture Radar (SAR)
satellites orbiting the Earth 1800 apart. The first
satellite was launched in April 2014 and the
second one in April 2016. The two satellites
provide all-weather, day and night imagery for
the Copernicus land and ocean services. Similarly, the Sentinel-2 mission is composed of
two identical satellites placed in the same orbit.
Each of the two satellites (launched in June
2015, respectively March 2017) carries an
innovative wide swath (290 km) high-resolution multi-spectral imager with 13 spectral
bands (visible, near-infrared and shortwave
infrared) that acquires optical imagery (with the
spatial resolution of 10 m/20 m/60 m) for the
Copernicus land services(http://www.esa.int).
Landsat 8 was launched in February 2013 and
it is equipped with two science instruments the Operational Land Imager (OLI) and the
Thermal Infrared Sensor (TIRS) - that collects
data using 11 spectral bands (panchromatic,
visible, near-infrared, shortwave infrared,
thermal infrared) with a spatial resolution of 15
m/30 m/100 m (https://landsat.gsfc.nasa.gov/).
In the first phase of the study, 55 satellite
images were downloaded, pre-processed and
visually inspected. Part of them were discarded
if the cropped image corresponding to the test
area was covered by clouds or clouds shadow.
Sentinel-1 data were acquired from a
descending orbit (relative orbit: 80) using two
polarisations (VV and VH). The downloaded
Sentinel-1 data representLevel-1 Ground Range
Detected (GRD) products that consist of
focused SAR projected to ground range based
an Earth ellipsoid model. A sample of terrain

Figure 1a. Sentinel-1A image, VV polarisation, 10 m
spatial resolution (© Copernicus Sentinel data 2017),
available from Copernicus Open Access Hub

Figure 1b. Sentinel-1A image, VH polarisation, 10 m
spatial resolution (© Copernicus Sentinel data 2017)

The normalised difference vegetation index
(NDVI) is computed based on the near-infrared
and the visible red spectral bands (Mandanici
and Bitelli, 2016). NDVI is used to monitor
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crop phenology and condition and to estimate
the potential yield for the current season in
comparison with the historical average (Leslie
et al., 2017).

data for crop monitoring. For example, the accurate mapping of rice has been demonstrated
using Sentinel-1 multitemporal data (Torbick et
al., 2017). Also, the performance of Sentinel-1
has been proven for the monitoring of cereals
(wheat and barley) and oilseed rapes crops,
whereas the crop backscattering response has
been correlated with the phenology cycle and
the structural plant changes (Minchella, 2015).
The main objective of the present study is to
find whether the radar backscatter is correlated
with the NVDI values in case of the crops that
are present within the test area, using timeseries of Sentinel-1 and Sentinel-2/Landsat 8
data. This research subject has been approached
for sugarcane monitoring (Davidse, 2015),
irrigated maize assessment (Rolim et al., 2016),
mountain crops evaluation (Notarnicola et al.,
2017) etc.

Figure 2. Sentinel-2A image, false-colour composition,
10 m spatial resolution (© Copernicus Sentinel data
2017), available from Copernicus Open Access Hub

RESULTS AND DISCUSSIONS
The preliminary results (Figures 4-6) indicate
that the VH polarisation backscattering time
series are more similar with NDVI in comparison with the ones resulting from the VV
polarisation. Sentinel-1 images (VH and VV)
are calibrated, speckle filtered and geocoded.
Future work includes an investigation related to
the potential of SAR data in monitoring different types of crops considering that the
backscatter signal contains information on both
vegetation and soil condition. Moreover, the
intensity of the SAR backscatter depends on the
surface roughness and soil moisture. For this
scope, ground-truth data and detailed phonologic informational are mandatory.
As demonstrated also by the previous studies,
the NDVI derived from multitemporal optical
satellite imagery (in this study, Sentinel-2 and
Landsat 8) enables an accurate identification of
the crop growth stages.

Figure 3. Landsat image, natural colours composition,
30 m spatial resolution (© data available from the U.S.
Geological Survey2017), USGS Glovis

The scientific literature contains a very large
number of papers studies dedicated to NDVI as
it is the most widely used remote sensing
vegetation index.
Relevant examples include (but are not limited
to) research related to the combined use of time
series acquired by Sentinel-2 and Landsat 8
sensors given their spectral differences
(Mandanici and Bitelli, 2016) and comparison
of NDVI from Sentinel-2 and Landsat-8, for
same-day acquisitions (Flood, 2017). The use
of NDVI and other derived vegetation indices
for the detection of non-authorised water
abstractions is thoroughly described in
(Lookwood et al., 2014).
The all-weather capability and sensitivity to
surface characteristics endorse the use of SAR

Figure 4. NVDI – S2/L8 (5 different crops)
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Figure 5. SAR backscatter – S1, VH (5 different crops)

Figure 6. SAR backscatter – S1, VV (5 different crops)

CONCLUSIONS
The high temporal resolution provided by the
Sentinel missions allows an accurate
monitoring of the crops. The data acquired by
Sentinel-1 are useful especially when the use of
optical satellite imagery is limited due to
atmospheric conditions or cloud cover.
Although further thorough research is
necessary, an integrated approach that
combines optical (Sentinel-2, Landsat) and
SAR (Sentinel-1) satellite data might be the
optimal solution for the identification of nonauthorised water abstractions for irrigation.
Nevertheless, the use of Earth Observation
satellite data for an efficient water management
in support of sustainable precision agriculture
has definite benefits and it will bring societal
and environmental benefits to the end users that
will have access to monitoring data and
forecasts.
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Abstract
Ourdays, the identification of friendly solutions in order to enhance physiological development of cereals is one of the
main priorities of agriculture. This approach, also contributes to the promotion of the practices of the sustainable
agriculture. A practice, which occupies more and more space is the use of endogenous type substances, as
phytohormones, in order to increase cereals’ physiological development, and nutritional traits. This is the context
where the aim of our study is placed, meaning that we focused on determining the effects of GIBB A3 phytohormone on
two maize hybrids content in macro-, and microelements, within specific environmental conditions of Transylvania.
Two maize hybrids were studied, Turda Star, and Turda 200, respectively, and their elemental content was quantified
by AAS, and raw data were processed with IBM SPSS Version 20. The results of our trial show the influence of GIBB
A3 hormone upon the analyzed macro- (K, P, S, Cl, Mg, Ca), and microelemental (Fe, Mn, Zn) content of studied maize
hybrids, mainly K, and P, which may also be considered as indicators of physiological status of the plant.
Key words: AAS spectrometry, hybrid, indicator, physiology, statistics.

INTRODUCTION

molecules, their affinity against the hormones,
and efficiency of the transduction of the signal
initiated by receptor - hormone complex.
New trends are reported in engineering
phytohormones for enhancing abiotic stress in
crops (Weyers and Paterson, 2001; Wani et al.,
2016).
The phytohormones play an important role in
control of plant growing ad development
mechanisms, and, as consequence, plays an
important role in reproduction processes
(Lambers et al., 2008).
The most important classes of vegetal
hormones described by literature, are: auxins,
gibberellins, cytokines, ethylene, abscisic acid,
jasmonate and brassinolides, which can be
identified using a large diversity of methods
(Durgbansi et al., 2005; Kazan, 2015; Liu et al.,
2013; Mori et al., 2017; Yin et al., 2015).
According to literature, the vegetal hormones
are classified as follows (Lambers et al., 2008;
Liu et al., 2013; Rajkumar Biology: A guide for
11th&12th CBSE Students):
 primary hormones: auxins, gibberellins,
cytokinins, ethylene, abscisic acid;

In time, it has been shown that plants need for
their growth and development, besides
exogenous factors (soil, water, mineral
substances, temperature, light, etc.), also some
substances, which result from internal
metabolic mechanisms, and who are
generically named growing substances, of
phytohormones,
growth
stimulators
or
regulators (Kefeli and Kalevitch, 2013).
Starting from the concept, introduced since
1910 by Fitting, we must underline that
phytohormones or growing regulators are
organic compounds, which, in low, and very
low concentrations, stimulate, inhibit, or
qualitatively modify the plant growing and
development, also playing role in stress
regulation (Iqbal et al., 2014; Pandey et al.,
2017; Tripathi et al., 2017).
The physiological efficiency of a certain
hormone depends on its concentration, and
sensitivity of the cells. This sensitivity, is, on
its turn, determined by the number of the
receptor
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 secondary hormones: jasmonic acid and
brassinosteroids, juglone, salicylic acid,
polyamides;
 other hormones: peptide hormones,
oligosaccharides, phospholipids, ARNm
or protein; strigolactones.

Macro- and microelements content of plants,
generally speaking, and of maize hybrids, in
particular, play important role in enzymes
activity, but may also be considered as real
indicators of their physiology.
This study was carried out with the aim of
identifying the action of an environmentally
friendly solution of fertilization, with the GIBB
A3 phytohormone on several macroelements
(K, P, Ca, Mg, S, Cl) and microelements (Fe,
Mn, Zn) from two maize hybrids reared in
specific conditions of Transylvania.

The gibberellins are natural phytohormones,
isoprene derivatives, widely spread in nature,
which stimulated both division and elongation
of the vegetal cells. Because of their important
action upon plant growth and development,
they have numerous practical uses in plant
improvement, for obtaining new pant lines,
hybrids, and varieties. They may also be used
for intensive development of agriculture,
horticulture, forestry, medicinal plants, etc.
(Davière and Achard, 2013; Lambers et al.,
2008).
The gibberelin was discovered in Japan, in 898,
when Hotoaro Hori realized that excesive long
rice plants were exposed to a Gibberella
fujikuroi fungus. The fungus water extract
produced similar symptoms in tested plants,
and this led to the idea that fungus conains a
substance responsible of this effect. The first
identified gibberelin was the gibberelinic acid,
or G3. This first discovery was fallowed by the
discovery of other gibberellins, until in plants
and fungi were identyied, in total, about fifty
gibberellins. In practice, the used gibberellins
are purifired products of synthesis. The most
used gibberellin is G3, and less used are the
mixture GA4+GA7 or GA7. The synthetic
gibberellins were obtained in the ’80s, and they
are environmentally friendly solutions for
plants development (Gupta and Chakrabarty,
2013; Hedden and Sponsel, 2015; Lambers et
al., 2008).
The main alterations appeared in the
metabolism of plants due to gibberellin actions
are: the intensification of transpiration, and
increase of the water consumption, the
intensification
of
photosynthesis,
the
stimulation of the seed respiration during
germination, the delay of the ageing process of
the vegetal tissues, the correction of the
negative effects produced by virosis and
Botrytis, decrease of the starch content in
plants and germinated seeds (Gupta and
Chakrabarty, 2013; Hedden and Thomas, 2012;
Hedden and Sponsel, 2015; Lambers et al.,
2008; Zawaski and Busov, 2014).

MATERIALS AND METHODS
The study area
The trial was carried out in pedo-climatic
conditions of Transylvania, meaning the
experimental field of the Station of Research
and Development for Agriculture Jucu (46º
51'18’’ N and 23º 47' 35’’ E), County of Cluj,
during spring and summer of 2016.
The biological material
Two maize hybrids Turda Star and Turda 200
are used.
Turda Star is a semi-early triple hybrid,
recorded in 1976, FAO group 370, with good
resistance to low temperatures encountered in
the first period of vegetation, and also to
mechanical
damages
(falling,
and/or
frightening), draught, high temperatures, mites,
and diseases. In 2000, it was introduced again
in the Official Register. The grain is yellow,
dentate, 310 g MMB, 79 – 92% ratio grain/cob,
rich in starch, about 70 – 71%, and 10,000 –
12,800 kg/ha, yield potential.
Turda 200 is an early double hybrid, also
recorded in 1976, and introduced again in the
Official Register, in 2000. The plant is of
moderate size, with 13 -15 leaves, semi-erected
to inclined. The cob is of cylinder - conic
shape, with moderate length, and rachis of
intense red color, with 14 – 6 layers of grains.
The grain is dentate, golden yellow, 260 – 33 g
and MMB. The grain has the following
chemical composition: 11.8 – 14.4% protein, 4
– 5.4% fat, and 67.7 – 70.3% starch.
The chemical and biological materials
The chemical materials used for seed treatment
are the fungicides Royal Flo 42 S (Arysta) and
Vitavax 200 (Chemtura). Royal Flo 42 S
(active ingredient: Tiuram 480 g/L) was in
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doses of 3 L/t (http://www.agrovet1.ro/royalflo-42-s-arysta/), and Vitavax 200 (active
ingredients: Carboxin 200 g/L+ tiram 200 g/L),
in doses of 2.5 L/t (http://www.pestcontrolexpert.ro/chemtura-vitavax-200-ff.html).
The GIBB A3 is a commercial product destined
to fertilization. It is presented as pills, with 5g x
20% content in gibberellin acid, and 8 minutes
time of solving in solution.
In order to obtain maximum product efficacy,
the solutions must be applied on cultures in
maximum time interval of 36 hours from
preparation, otherwise the ”hardness” of used
water will affect the quality of product.
The product administration on cool weather (in
the morning or in the evening) is
recommended. The administration when sun is
strong must be avoided.
When in term of 8 hours from administration,
strong rains are reported, the product action
may be affected.
In this case, the administration of another
treatment, with 50% concentration of previous,
is recommended.
The GIBB A3 must be foliar administered in 2
- 3 treatments, as solutions in doses of 500
L/Ha by each treatment (www.giberelina.ro).
The methodology
Both cultures were sowed in 28.04.2016, with
beans as pre-emergent culture.
Before sowing, herbicidation was performed
with Glyphosate, in doses of 3L/Ha.
The seed used within our experiment, is delivered by the crops of the previous year, 2015.
The seed treatments against mites and diseases
was performed with Royal Flo 42 S in Turda
200, and with Vitavax 200 in Turda Star. The
treatments with GIBB A3 was performed in
two phases
 First treatment was applied in phase
with 3 – 4 leaves (after two weeks from
sowing, 13.05.2015), in doses of 0.5
g/20 L water.
 The second treatment was applied after
two weeks from the first treatment, in
doses of 1 g/20 L water.
Four groups are organized, as follows:
 Control group 1 (Turda Star hybrid, no
phytohormone treatment),

Experimental group 1 (Turda Star
hybrid treatment with phytohormone
GIBB 3A),
 Control group 2 (Turda 200 hybrid, no
phytohormone treatment),
 Experimental group 2 (Turda 200
hybrid treatment with phytohormone
GIBB 3A).
The laboratory analysis
The maize leaves samples were conditioned
and analyzed in the Laboratory of the Control
of the Environmental Quality and Plant
Protection, from the University of Agricultural
Sciences and Veterinary Medicine ClujNapoca. The macro- (K, P, Ca, Mg, S, Cl), and
microelemental (Fe, Mn, Zn) content of foliar
tissue of maize samples was quantified by AAS
spectrometry with graphite furnace.
The statistical analysis
The software package IBM-SPPS Statistics 20
was used for performing descriptive statistics
(means, standard deviations and standard
errors) establishing correlations (Pearson’s
correlations) between microelements, and
implementing the Principal Components
Analyze (PCA) for emphasizing the principal
components (factors) of our study, and
correspondent factor loadings, variables,
respectively.


RESULTS AND DISCUSSIONS
In Turda Star maize hybrid Control Group 1, K
is the macroelement with higher concentration
(1.51%), while if analyzing microelements,
biggest mean concentration is reported for Mn
(0.23%). Bigger concentrations, compared to
Control Group 1, are reported in Experimental
Group 1, where Turda Star hybrid was treated
with gibberellin phytohormone, GIBB A3, in
K, and all microelements, Zn, Fe, Mn,
respectively (Table 1).
Except the differences between S, Zn and Mn
contents, quantified in studied, groups that are
statistically not significant (p > 0.05), those
between other analyzed macro-and microelements are statistically assured at different
thresholds of significance (Table 1).
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Table 1. The basic statistics for the macro- and micronutrients content (%) identified in Turda Star maize hybrid
untreated (Control group 1) and treated with GIBB A3 (Experimental group 1)
Issue
K
P
S
Mg
Cl
Zn
Fe
Mn
Ca

N
10
10
10
10
10
10
10
10
10

N – number of cases;

1.50
0.67
0.43
0.33
0.31
0.16
0.07
0.23
0.05

Control group 1
s
0.04
0.08
0.19
0.22
0.29
0.18
0.04
0.45
0.01

mean; s – standard deviation;

0.01
0.03
0.06
0.07
0.09
0.06
0.01
0.14
0.00

1.40
0.98
0.23
0.12
0.06
0.17
0.58
0.25
0.48

Experimental group 2
s
0.09
0.33
0.03
0.02
0.03
0.01
0.56
0.37
0.04

– standard error of mean; probability value.

The same analysis conducted in Turda 200
maize hybrid, also emphasizes that K records
bigger concentrations, of all analyzed macroand microelements, in both, Control Group 2
(1.51%), and Experimental Group 2 (1.20%),
the differences being statistically significant (p
< 0.05). Fe is the microelement with biggest
mean concentration in both groups, control
(0.54%),
and
experimental
(0.90%),
respectively (Table 2). Contrarily to results

p
0.03
0.11
0.01
0.01
0.01
0.00
0.18
0.12
0.01

0.025
0.011
0.055
0.006
0.014
0.062
0.011
0.491
0.038

obtained in Turda Star maize hybrid, in Turda
200 hybrid, except K, all macro-and
microelements had bigger concentrations in
Experimental Group 2, compared to control
(Table 1). The similarity with situation
identified in Turda Star hybrid consists in lack
of statistically significance of differences (p >
0.05) between S, Zn and Mn contents,
quantified in recorded in compared groups
(Table 1).

Table 2. The basic statistics for the macro- and micronutrients content identified in Turda 200 maize hybrid untreated
(Control group 2) and treated with GIBB A3 (Experimental group 2)
Issue
K
P
S
Mg
Cl
Zn
Fe
Mn
Ca

N – number of cases;

N
10
10
10
10
10
10
10
10
10

1.51
0.49
0.30
0.12
0.11
0.05
0.54
0.09
0.30

Control group 2
s
0.18
0.08
0.21
0.03
0.05
0.01
0.54
0.01
0.23

mean; s – standard deviation;

0.06
0.02
0.07
0.01
0.01
0.00
0.17
0.00
0.07

1.20
1.04
0.29
0.18
0.20
0.11
0.90
0.13
0.44

Experimental group 2
s
0.39
1.40
0.04
0.02
0.29
0.21
0.87
0.31
0.34

– standard error of mean; probability value.

Concerning macro- and microelemental
contents of maize resulted from our trial, we
find that, our results are consistent with those
cited by literature, according to whom the
administration of gibberellin phytohormone
influence their ration in plants (Kaya et al.,
2006; Suge et al., 1986).
As shown, in both maize hybrids (Table 1, and
Table 2) K and P, which have well-known role
in decreasing respiration in plants, are
decreased, in terms of concentration, in
experimental groups treated with gibberellin
GIBB A3 phytohormone.

p
0.12
0.44
0.01
0.01
0.09
0.07
0.28
0.10
0.11

0.033
0.029
0.496
0.079
0.065
0.126
0.012
0.069
0.044

In Turda Star hybrid, simple correlations,
positive, and negative, of different degrees of
intensity are reported (Table 3). Antagonist
evolutions are identified between K, P, Mg, and
Cl concentration in studied groups.
If those between Mg and Cl may be neglected,
because they are very weak, the correlations,
moderate identified for K (R = -0.463), and
weak to moderate for P (R = -0.297), confirm
once again the role of gibberellin GIBB A3
phytohormone in promoting plant transpiration,
phenomenon reflected by decreased K, and P
concentrations, compared to control (Table 3).
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Table 3. The correlation matrix between the macro- and micronutrients content identified in Turda Star maize
hybrid untreated (Control group 1) and treated with GIBB A3 (Experimental group 1)
Experimental
K
P
S
Mg
Cl
Zn
Fe
Mn
Ca

Control/

K

P

-0.463

S

-0.297

Mg

0.212

Cl

-0.095

Because correlations are identified between
studied parameters in Turda Star hybrid, we
may implement the Principal Components
Analysis (PCA).
The factor reducing emphasize the presence of
2 main factors, Factor 1 – the technology of
culture, and Factor 2 – biostimulation
approach.

Zn

-0.091

Fe

0.441

0.873

Mn

0.607

Ca

0.603

While Factor 1 explains 53.28% of variance,
Factor 2 explains only about 18.17% (Table 4).
Stronger correlations are revealed between the
Factor 1 (technology of culture) and experimental
variables (macro- and microelemental content of
Turda Star maize hybrid), compared to those
resulted between no biostimulating practice
(Factor 2), and the same variables (Table 5).

Table 4. The total variance explained for Turda Star maize hybrid
Issue

Eigenvalue

% Total - variance

Factor 1
Factor 2

9.590
3.272

53.281
18.179

Cumulative Eigenvalue
9.590
12.862

Cumulative - %
53.281
71.460

Table 5. The factor loadings in Turda Star maize hybrid
Issue

Factor – 1
Technology

Factor – 2
Biosimulation

Issue

Factor – 1
Technology

Factor – 2
Biosimulation

Var121

0.930104

-0.172381

Var141

-0.552429

-0.185375

Var122

-0.983212

-0.018388

Var142

-0.954307

-0.039950

Var123

-0.981154

0.115799

Var143

0.393854

-0.499895

Var124

-0.993875

-0.002027

Var144

-0.198676

-0.806977

Var125

0.011230

0.968878

Var145

0.836721

-0.114616

Var126

-0.774575

0.063597

Var146

0.755269

-0.566412

Var127

-0.948085

0.164455

Var147

0.928971

-0.007254

Var128

0.350953

0.918269

Var148

-0.707243

-0.069726

Var129

0.270132

0.466006

Var149

-0.685963

-0.549811

Explained variance

5.477346

2.073661

Explained variance

4.514730

1.578233

The projections of the variables on PC1 x PC2
plane of the PCA (Figure 1) shows that K, Mn
and Ca concentrations emphasized in Turda
Star maize hybrid in both biostimulated and nobiostimulated experimental variants, and P
concentration
in
experimental
variant
(biostimulated with GIBB A3 phytohormone)
are mainly influenced by the biostimulation

practice (Factor 2). The evolutions of the Cl
concentrations, in both experimental variants
(with and no biostimulation), Mg, and Zn
concentrations in experimental variant where
the phytohormone GIBB A3 was administered,
are influenced by both principal factors,
technology of culture and biostimulation
practice, respectively (Figure 1).
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Var 121 – K Control Group 1; Var 122 – P Control Group 1; Var 123 – S Control Group 1; Var 124 – Mg Control Group 1; Var
125 – Cl Control Group 1; Var 126 – Zn Control Group 1; Var 127 – Fe Control Group 1; Var 128 – Mn Control Group 1; Var 129
– Ca Control Group 1; Var 130 – K Experimental Group 1; Var 131 – P Experimental Group 1; Var 132 – S Experimental Group 1;
Var 133 – Mg Experimental Group 1; Var 134 – Cl Experimental Group 1; Var 135 – Zn Experimental Group 1; Var 136 – Fe
Experimental Group 1; Var 137 – Mn Experimental Group 1; Var 138 – Ca Experimental Group 1.

Figure 1. The projections of the variables (on PC1 x PC2 plane) of the Principal Components Analysis applied to Turda
Star maize hybrid content in macro- and microelements within experimental conditions

culture, and Factor 2 – biostimulation are
identified.
Factor 1, the technology of culture, respectively
explains 51.12% of variance, while Factor 2,
biostimulation practice, explains only 15.13%
of variance (Table 7).
Also, similarly to results of the PCA analysis
conducted in Turda Star hybrid, stronger
correlations are reported between the
technology of culture - Factor 1, and
experimental
variables
(macroand
microelemental content of Turda 200 maize
hybrid), while between no biostimulating
practice - Factor 2, and macro- and
microelemental content of Turda 200 maize
hybrid, they are weaker (Table 8).

Weak to very strong simple correlations,
positive, and negative are emphasized between
studied
macroand
microelements
concentrations in Turda 200 hybrid, simple
correlations (Table 6). Similarly with data
resulted from analyze performed in Turda Star
hybrid, negative moderate, and weak to
moderate correlations resulted between K (R =
-0.534), and P (R = -0.279). Here, it also results
that gibberellin GIBB A3 phytohormone
promotes decrease of K, and P concentrations,
compared to control (Table 6).
The simple correlations resulted between
studied macro- and microelements studied in
Turda 200 maize hybrid allow us to apply the
Principal Components Analysis (PCA). The
same as situation reported in Turda Star hybrid,
two main factors, Factor 1 – the technology of
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Table 6. The correlation matrix between the macro- and micronutrients content identified in Turda 200 maize hybrid
untreated (Control group 2) and treated with GIBB A3 (Experimental group 2)
Experimental
K
P
S
Mg
Cl
Zn
Fe
Mn
Ca

Control/

K
-0.534

P
-0.279

S

0.192

Mg

Cl

0.254

The PC1 x PC2 plane of the PCA (Fig. 2)
reveals that Cl and Mn content of Turda 200
maize hybrid that receive no biostimulation, K,
and Zn concentrations in Turda 200 maize
hybrid that receive biostimulation with GIBB
A3 phytohormone are mainly influenced by the

Zn

0.211

Fe

0.233

0.966

Mn

Ca

0.657

0.692

biostimulation practice (Factor 2), while Turda
200 maize hybrid concentrations of Mg in both
experimental variants, P, S, Cl and Mn, in
experimental variant biostimulated, are
influenced by technology of culture and also
biostimulation practice (Figure 2).

Table 7. The total variance explained for Turda 200 maize hybrid
ssue
Factor 1
Factor 2

Eigenvalue
9.203
2.724

% Total - variance
51.128
15.136

Cumulative - Eigenvalue
9.203
11.927

Cumulative - %
51.128
66.264

Table 8. The factor loadings for Turda 200 maize hybrid
Issue
Var121
Var122
Var123
Var124
Var125
Var126
Var127
Var128
Var129
Explained variance

Factor – 1
Technology
0.602741
0.934739
0.478382
0.866911
-0.879318
0.912178
0.973873
-0.335501
0.972559
5.829545

Factor – 2
Biosimulation
0.553260
-0.214311
-0.631391
0.126160
-0.086397
0.337125
-0.051860
0.689975
-0.043151
1.368331

Issue
Var141
Var142
Var143
Var144
Var145
Var146
Var147
Var148
Var149
Explained variance

Factor – 1
Technology
0.969620
-0.326305
0.518196
0.496141
-0.298415
0.646876
-0.901819
-0.372569
-0.892006
3.816583

Factor – 2
Biosimulation
-0.011768
-0.894258
-0.664544
-0.186586
-0.906257
-0.251975
-0.046954
0.187739
-0.085991
2.205909

Var 151 – K Control Group 2; Var 152 – P Control Group 2; Var 153 – S Control Group 2; Var 154 – Mg Control Group 2; Var 155 – Cl Control
Group 2; Var 156 – Zn Control Group 2; Var 157 – Fe Control Group 2; Var 158 – Mn Control Group 2; Var 159 – Ca Control Group 2; Var 160
– K Experimental Group 2; Var 161 – P Experimental Group 2; Var 162 – S Experimental Group 2; Var 163 – Mg Experimental Group 2; Var
164 – Cl Experimental Group 2; Var 165 – Zn Experimental Group 2; Var 166 – Fe Experimental Group 2; Var 167 – Mn Experimental Group 2;
Var 168 – Ca Experimental Group 2.

Figure 2. The projections of the active variables (on PC1 x PC2 plane) of the Principal Components Analysis applied to
Turda 200 maize hybrid content in macro- and microelements within
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CONCLUSIONS
According to results of our study, result several
conclusions:
 In both studied maize hybrids, Turda Star
and Turda 200, K and P are the studied
macroelements with highest concentration in
both
variants
(without,
and
with
biostimulation), with smaller concentration
in biostimulated variants, compared to
control, which is no treated with GIBB A3
gibberellin phytohormone. The differences
between
macroand
microelements
concentrations in both studied maize hybrids
(Turda Star and Turda 200) are statistically
assured at different significance thresholds,
for majority of macro- and macroelements
analyzed in this study.
 Simple correlations, of different intensities,
from very weak to very strong, are
emphasized in studied maize hybrids, Turda
Star and Turda 200. Negative moderate
correlations are reported between K
concentrations in biostimulated and no
biostimulated experimental variants in both
Turda Star (R = -0.463) and Turda 200 (R =
-0.534) hybrids, while between P
concentrations, also negative but weak to
moderate correlations are established in
Turda Star (R = -0.297) and Turda 200 (R =
-0.279).
 The PCA shows, in both studied maize
hybrids, Turda Star, and Turda 200,
respectively that the same two principal
factors are identified. In both cases, Factor 1
is represented by the technology of culture,
explains the biggest part of variance
(53.28% in Turda Star hybrid, and 51.12%
in Turda 200 hybrid), and it is stronger
correlated to experimental variables (studied
macroelements – K, P, S, Mg, Cl, Ca, and
microelements – Fe, Mn, Zn), compared to
the other principal factor, Factor 2. This last
one, Factor 2, represented by the
biostimulation practice, performed in our
case
with
GIBB
A3
gibberellin
phytohormone, explains 18.17% of variance
in Turda Star maize hybrid, and 15.13% in
Turda 200 Maize hybrid. Whatever maize
hybrid,
the
biostimulation
practice
influences at greater extent the K



concentrations in maize. Our results, also
show the influence of biostimulation with
GIBB A3 gibberellin phytohormone on
plant physiology, reflected by decrease of K,
and P concentrations, with role in plant
transpiration.
Further research is needed in order to
establish
correlations,
and
explain
interrelationships between maize hybrids
development,
plant
macroand
microelemental content, and physiological
traits, and also.
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ion exchange. The major contaminants encountered in milk and other food products chiefly include pesticide residues,
heavy metals, and aflatoxin M1. Milk may get contaminated before milking from the cattle feed, sources/materials
employed during the milk processing and inappropriate handling of milk during the pre- and post-processing period. It
will ultimately lead to magnification of the specific metal or related contaminants in the finished product. The
bioquenching/biosorption abilities of LAB will help to formulate natural treatments to decrease metal toxicity from
drinking water, dairy and food products as well as within human body through development of functional foods and
nutraceuticals.
Key words: heavy metals, lactobacilli, gut microbiota, bioquenching, biosorption, detoxification.

INTRODUCTION
Heavy metals are widespread in nature. The
rapid development of industrialization has
resulted significant quantities of heavy metals
release into the environment which is a serious
hazard for mankind as well as animals.
Cadmium (Cd+2), copper (Cu+2), lead (Pb+2),
zinc (Zn+2), chromium (Cr+2), arsenic (As+2),
mercury (Hg) and nickel (Ni+2) are highly toxic
metals ions to which people are exposed
primarily through food and water. Heavy metal
depositions are associated with a wide range of
sources such as industries, vehicles and
pesticides which can significantly affect the
safety and quality of food (Fertmann et al.,
2004). With rapid increase in the consumption
of canned food products throughout the world,
the possibility of food contamination with
different metals is expected. Metals used in
food packaging material or food processing
equipment may contribute to contamination.
Migration of compounds from packaging
materials like metal cans into packaged food is
well known (Mrvcic et al., 2012). Increased
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environmental metallic load is of serious
concern. Prolonged consumption of unsafe
concentrations of heavy metals in foodstuffs
may disrupt the normal functioning of human
body. Heavy metal accumulation gives rise to
toxic concentrations in the body, while a
number of elements (e.g. cadmium, chromium,
arsenic) act as carcinogens and others (e.g.
mercury and lead) are associated with developmental abnormalities in children (Canfield et
al., 2003; Jarup and Alfven, 2004).
Methods for removing metal ions from aqueous
solution mainly consist of physical, chemical
and biological technologies. Conventional
methods like ion exchange, precipitation, flocculation, membrane filtration etc., are employyed for removal of metals from water at low
concentrations. However, these available
methods claimed to be expensive and inefficient, especially for developing nations where
major pollution occurs. This has led researchers
to seek alternative solutions for decontaminating heavy metals from surrounddings.
Over past decade, a vast array of natural biological material, especially bacteria, algae, yeasts

and fungi has gained much attention for resolving problem of heavy metal contamination.
Bacterial
species,
such
as
Bacillus,
Pseudomonas, Escherichia, Micrococcus, etc.,
have been tested for uptake of metals or
organics. Bacteria may either possess the
capacity for biosorption of many elements or,
alternatively, may be element specific depending on the species (Wang and Chen, 2009).
Biosorption can be described as the process to
remove metal or metalloid types, compounds
and particulates from solution by biological
material (Gadd, 1993). Use of inactivated
microbial biomass as an adsorbent or biosorptive agent, has been suggested as an effective
and cost-effective alternative for the exclusion
of heavy metals from water, and the removal of
a number of different minerals by altering
microbiota have has been studied (Davis et al.,
2003; Mehta and Gaur, 2005). These biosorbents possess metal-sequestering traits and can
be employed to reduce the concentration of
heavy metal ions in solution from ppm to ppb
level. Biosorbent can efficiently sequester
dissolved metal ions out of dilute complex
solutions with high efficiency and swiftly, thus
it can considered as an ideal candidate for the
treatment of high volume and low
concentration complex wastewaters (Wang and
Chen, 2006). Many researchers have described
the bioquenching or chelating property as an
efficient and economical alternative in heavy
metal removal from water and food (Bezawada
and Rao, 2011). However, when it comes to
food industry, it is of much concern regarding
food safety and quality. Hence, approaches
made to select metal ions induced stress
resistant food grade bacterial group. In this
context, one of the significant food grade
bacterial groups known as lactic acid bacteria
(LAB), appears a vital alternate.
LAB as starter culture in food industry must be
suitable for large-scale industrial production
and possesses the ability to survive in
unfavourable processes and storage conditions.
In current scenario, much attention is devoted
to research of health aspects of LAB related to
food fermentations or as probiotics. Above all,
LAB has gained Generally Regarded as Safe
(GRAS) status. It has been described that
probiotic bacteria have the capacity to bind
many toxic compounds like food-borne

mutagens (Turbic et al., 2002), microbial toxins
such as aflatoxins and microcystin-LR
(Haskard et al., 2001; Meriluoto et al., 2005;
Zoghi et al., 2014) in aqueous solution.
Moreover, within the microenvironment of
gastro-intestinal tract also several probiotic
bacteria could bind with aflatoxin B1 (ElNezami et al., 2000, 2006) and food-borne
mutagen Trp-P-2 (Orrhage et al., 2002),
thereby reducing their uptake. Few studies
reported metal chelating properties of LAB.
Probiotic LAB had proven to bind cadmium
from water (Halttunen et al., 2003). On the
other hand, the LAB interactions with metal
ions and their possible applications have
received less attention. Binding of heavy metals
on the LAB could be a promising solution for
the removal of toxic heavy metals from water,
liquid food and from the body (Schut et al.,
2011) while leaching of trace elements could
enhances the value of fermented foods. The
significance of food grade bacteria as metal
quenchers in dairy and food industry is
schematically represented in Figure 1.
Current review briefly discusses results
demonstrating the new field of LAB
application in detoxification processes as well
as enhancing the nutritional value of food.

Figure 1. Functions of Food grade bacteria as metal
quenchers to improve food safety and quality

MECHANISMS
PROPOSED
FOR
BIOQUENCHING OF HEAVY METALS
IN LACTIC ACID BACTERIA
The interaction of microorganism with metals
to remove heavy metals from contaminated
sites represents a unique process. Microorganisms have evolved several strategies to either
transform the element to a less harmful form, or
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absorbed well in the GI tract, and then to Hg0,
which is poorly absorbed (Monachese et al.,
2012).

bind the metal intra- or extra-cellularly thereby
preventing any harmful interactions in the host
cell or by actively transporting the metal out of
the cell cytosol. Metal ions quenching by LAB,
as well as other microorganisms, is a complex
process that depends on the two basic mechanisms; (i) biosorption—the passive no metabolically mediated binding process of metal ions
to the LAB cell wall, and (ii) bioaccumulation—process associated with metabolism
in which metal ions pass the cell membrane and
accumulate inside the cell (Mrvcic et al., 2012).
Usually Gram-positive bacteria have high
adsorptive capacity, particularly due to high
peptidoglycan and teichoic acid content in their
cell walls. Certain Gram-positive gut microflora like lactobacilli used in food applications
may potentially be an adjunct for reducing
metal toxicity in individuals. Generally such
bacteria have resistance mechanisms which are
effective in preventing damage to cell itself and
they can attach and sequester metal ions to cell
surfaces (Sinha et al., 2011). Hydroxyl groups
from the peptidoglycan and functional groups
(mainly carboxyl group) of proteins have the
important roles in metal ions binding by LAB,
too (Mrvcic et al., 2012; Lin et al., 2005;
Gerbino et al., 2011). Physical forces like
electrostatic interactions are also responsible
for passive binding of heavy metals on LAB
surface (Salim et al., 2011). LAB metabolites
including organic acids, exopolysaccharides,
etc. also enhanced heavy metal biosorption
efficacy of specific strains. Organic acids may
chelate toxic metals (Gavin et al., 1998),
producing metallo-organic molecules. Organic
acids reduce the pH of environment, which lead
to increases the solubilisation of metal
compounds and leaching of metals from their
surfaces whereas it is predicted that functional
carboxyl groups found on microbial polymers
can be biosorbed or complexed with heavy
metals (Perpetuo et al., 2011).
Apart from the cell wall structure, some
physicochemical parameters such as initial
concentration of metal ions, pH, biosorbent
concentration, contact time, and variation of
temperature can also affect the biosorption
process (Mrvcic et al., 2012). The
detoxification of organic mercury in bacteria
involves conversion of methylated mercury to
inorganic mercury (Hg+2), which does not

STUDIES REGARDING BIOQUENCHING
OF HEAVY METALS IN LACTIC ACID
BACTERIA
Urban and Kuthan, in 2004 reported xenobiotic
detoxification therapy by probiotic. Authors
assumed that probiotic bacteria could be used
to decrease the heavy metals intake in humans
directly in the lumen of intestine. Halttunen and
co-workers
(2003),
have
extensively
investigated cadmium, lead and arsenic binding
by different LAB and indicated that food and
water are the primary sources of this metal ions
exposure among the non-smoking population.
Halttunen et al. (2007) carried out work on
removal of cadmium and lead by specific LAB;
Lactobacillus rhamnosus GG (ATCC 53103),
L. casei Shirota, L. fermentum ME3,
Bifidobacterium longum 2C, B. longum 46 and
B. lactis Bb12, and two commercial starter
cultures: FVDVS XT-303-eXact (Lactococcus
lactis subsp. cremoris, Lc. lactis subsp. lactis,
Leuconostoc mesenteroides subsp. cremoris,
Leuc. pseudomesenteroides and Lc. lactis
subsp. lactis biovar. diacetylactis) and
YO-MIX 401 (Streptococcus thermophilus and
L. bulgaricus) from water. They found significant removal which was found to be more
specific to strain and metal, both. The removal
was a rapid, metabolism-independent surface
process. It was also strongly influenced by pH,
indicative of involvement of ion exchange
mechanisms. The most effective metal
removers were B. longum 46, L. fermentum
ME3 and B. lactis Bb12. The highest maximum
cadmium and lead removal capacities obtained
for strain B. longum 46 were 54.7 and 175.7 mg
metal per g of dry biomass, respectively.
Kumar and Rao (2011) compared the efficiency
of
free
and
immobilized
cells
of
Saccharomyces cerevisiae and L. sporogenes
for the removal of heavy metals (Cu+2 and Pb+2
ions) from the aqueous system. The key factors
such as pH, temperature, incubation time, and
initial concentration of biomass were verified
for process optimization. The best results were
obtained for co-immobilized and immobilized
cells than free cells. Selected micro-organisms
exhibited maximum removal at an optimum
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concentration of 1 mg/mL, optimal time of 180
min, optimum temperature of 350C and pH 4-6.
In a recent study, Rayes (2012) examined the
effect of probiotic lactic acid bacteria; L.
rhamnosus GG, L. fermentum ME3, L.
bulgaricus (Commercial strain) and L.
acidophilus X 37 in removal of lead, cadmium
and copper from cultured water in fish farming
system for marine tilapia T. spilurus, and in
addition he studied the effect of heavy metals
lead and cadmium and copper on genotoxicity
of tilapia fish as bio-indicator for heavy metal
toxicity. The highest total concentration of
removal obtained for L. acidophilus X37 (97.6)
and subsequently followed by L. rhamnosus
GG (74.8), L. fermentum ME3 (71.16) and L.
bulgaricus (61.00). It was found that the
optimal pH for L. fermentum ME3, L.
rhamnosus GG, and L. acidophilus X37 was
6.0 while for L. bulgaricus, it was 5.0. The
percentage removal of heavy metals depend on
temperature where, the highest activity
obtained at temperature between 25oC and
37oC then the activity was declined at 43oC.
Bhakta and co-workers (2012) found out in
their study that 26 probiotic LAB exhibited
remarkable variations in their metal resistance
as well as metal removal aptitudes. Of 26,
seven strains (Cd54-2, Cd61-7, Cd69-12,
Cd70-13, Pb82-8, Pb96-19 and Cd109-16) and
four strains (Pb71-1, Pb73-2, Pb85-9 and Pb9619) displayed relatively elevated cadmium- and
lead-removal competences from water, respecttively, in compared to the remaining strains.
Strains Cd70-13 showed the highest cadmium
(25%) and Pb71-1 showed the highest lead
(59%) removal capacity from MRS (De Man,
Rogosa and Sharpe) culture medium among all
tested strains and demonstrated superior
adhesive ability on fish mucus. A phylogenetic
investigation of 16S rDNA sequences
suggested that the two strains Cd70-13 and
Pb71-1 were belonged to L. reuteri.
The surface molecules of LAB have been
reported to bind with heavy metals passively
mainly through electrostatic interactions. The
supplementation of LAB to heavy metals
treated group of rats, considerably enhanced the
glutathione peroxidise activity together with the
ratio of body weight and feed efficiency; and
also lifted up liver and kidney functions (Salim
et al., 2011). Beneficial health effects of LAB

may be attributed to their aptitude to bind
cadmium and lead that led to remove metal
toxicity. On the other hand, Battikh et al.
(2011) established a reduction in negative
effects of cadmium on the iron distribution in
tissues and organs of broiler chicken in the
presence of LAB.
Copper bioquenching
In a study performed by Mrvcic et al. (2012), L.
brevis was found to be the most resistant strain
to copper; accumulated high concentration of
Cu among all other tested strains. In previous
study by the same researchers L. brevis was the
most effective in copper binding with 26.5
mg/g followed by Leuc. mesenteroides (26
mg/g) and L. plantarum (15.5 mg/g) (Mrvcic et
al., 2009a, b). On the other hand, Yilmaz et al.,
(2010) reported highest removal by E. faecium
(106 mg/g). During cheese manufacturing, the
influence of copper ions on LAB is highly
significant. Swiss cheese Emmental is
produced in particular vats made up of copper
metal; thus, during cheese manufacturing
process the copper ions can leach out in milk
and influenced the growth of LAB due to acid
production (Rodriguez and Alatossava, 2008).
While determining antioxidant potential of few
LAB, Lee et al., (2005) revealed that L. casei
strains showed a wide range of Fe+2 and Cu+2
chelating ability, from 1.1 to 10.6 ppm and
from 1.35 to 21.8 ppm among the tested strains.
In that, L. casei KCTC 3260 exhibited the
higher metal ion chelating ability followed by
L. rhamnosus GG. Conversely, strain L. casei
KCTC 3109 showed lower chelating activity
for both Fe+2 and Cu+2 metal ions at 1.1 ppm
and 1.35 ppm, respectively.
Chang and Kikuchi, (2013) developed an
environmental friendly process in that heavy
metals like chromium, copper, and arsenic in
the Chromated Copper Arsenate (CCA)-treated
wood were able to be extracted through organic
acids, in particular pyruvate and lactate
produced by Str. thermophilus NBRC13957, L.
acidophilus NBRC13951, L. bulgaricus
NBRC13953, and L. plantarum NBRC15891.
Iron and Zinc bioquenching
LAB were considered to be a bacterial group
having no iron requirement. LAB belonging to
Lactobacillus, Carnobacterium, Lactococcus,
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Leuconostoc, and Pediococcus genera do not
produce siderophores (Pandey et al., 1994).
Also, there was no noteworthy growth
stimulation when lactic cultures were grown in
either iron supplemented or iron depleted
media (Imbert and Blondeau, 1998).
Recently, genome sequences of L. sakei 23 K
and L. lactis MG1363 have shown that LAB
have genetic equipment involved in iron
transport. The strain L. sakei 23 K had shown
to possess some putative iron transport systems
plus transcriptional regulators belonging to the
Fur family. Iron is dispensable for the growth
of L. sakei, but as suggested by Duhutrel et al.,
(2010) during sausage fermentation, iron
sources present in the meat are highly
beneficial for L. sakei sustaining long-term
survival in such meat products.
Zinc is both vital in trace amounts and toxic at
high concentrations like some other metals. The
emergence of new knowledge about the
beneficial effects of zinc on human health is
also interesting (Stefanidou, 2006). A group of
researchers observed that zinc can increase L.
plantarum probiotic effect in the intestine as
the number of pathogenic E. coli was
significantly reduced if Zn-sulphate and Znpropionate was added with L. plantarum in
laboratory mice (Mudronova et al., 2004). In
another study, Leuc. mesenteroides was the
most effective in zinc binding with 27 mg/g as
compared to L. brevis and L. plantarum, 20 and
10 mg/g respectively (Mrvcic et al., 2009a, b).
In model lactic strain, Lc. lactis IL1403,
ZitSQP is an ABC transporter supposed to be
involved in high-affinity zinc uptake (Bolotin
et al., 2001). However, very little information is
available on systems for zinc uptake, storage
and efflux in LAB.
In a recent experiment, Sofu et al., (2015) observed 90-100% Fe+2 and 70-90 % Zn+2 removal
with all tested biomasses of LAB
(L. delbrueckii ssp. bulgaricus Lb-12, Str.
thermophilus STM-7) under optimal value of
process parameters.

unique elements with different molecular
weights, as well as difference in physiological
effects and occurrences in nature, studies on
lead and cadmium are often conducted
together, as the elements seem to react alike
with bacterial species.
Lead contamination of drinking water is
frequently due to corrosion of lead-containing
plumbing while food is the most important
source of cadmium exposure among the nonsmoking population. In particular, children are
exposed to lead via ingestion of dust, soil and
lead containing paints. Lead (Wyatt et al.,
1998; Fertmann et al., 2004), but rarely
cadmium, is found in drinking water at
concentrations greater than WHO (2004)
guidelines viz.10 μg/l for Pb and 3 μg/l for Cd.
Both, cadmium and lead are also found in
substantial amount as a result of point
contamination, e.g. from industry. Oral
exposure to Cd may have many consequences
on human health, such as osteoporosis (Jarup
and Alfven, 2004), renal damage (Satarug et
al., 2011), renal cancer (Waalkes et al., 1999)
and possibly prostate cancer (Waalkes et al.,
1991). Chronic exposure to even very low
cadmium level may perhaps also trigger
adverse renal (Jarup et al., 2000) and negative
bone effects (Jarup and Alfven, 2004).
Alternatively, lead disturbs synthesis of
hemoglobin, renal function and causes
neurological and behavioural disorder in
children (WHO, 1995). In children, very little
blood lead concentrations have been linked
with intellectual impairment (Canfield et al.,
2003).
Few strains of L. acidophilus and L. crispatus
DSM20584 are known to produce S-layer
proteins, which may explain their activity
against arsenic (Schar-Zammaretti and Ubbink,
2003). Singh and Sharma (2010) showed that L.
acidophilus was competent to bind arsenic and
reduce it from water at 50 to 1,000 ppb levels,
and the maximum removal occurred within 4 h
of exposure in a concentration-dependent
manner. In a separate study, Bhakta et al.
(2010) employed six strains of probiotic LAB
(As99-1, As100-2, As101-3, As102-4, As1057, and As112-9) for total removal of As, Cd,
and Pb which was varied from 25.47 to 41 μg/l,
692.53 to 804.73 μg/l, and 2598 to 4609 μg/l,
respectively. The As uptake efficiency of strain

Arsenic, Cadmium and Lead bioquenching
When arsenic-contaminated water is used for
irrigation, arsenic accumulates in crops prior to
consumption and can reach dangerous levels in
finished food. In contrast to arsenic, lead and
cadmium are cationic. Although they are
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As102-4 (0.006 μg/h/mg wet weight of cell)
was higher (17 – 209%) compared to remaining
LAB and 16S rDNA sequencing data revealed
97 to 99% (340 bp) homology to Pediococcus
dextrinicus or Pd. acidilactici for these six
isolates.
Ibrahim et al. (2006) also compared the
abilities of Propionibacterium freudenreichii
and L. rhamnosus LC-705 to bind and absorb
cadmium and lead in aqueous solution. They
reported a rapid effect of the bacteria to bind
maximal amounts of metal after only 1 h of
exposure; this was found to influence by pH.
Using electron microscopy and Fourier
transform infrared spectroscopy (FTIR), for
two strains of L. kefir CIDCA 8348 and JCM
5818, the metal precipitations in the cell Slayer and alteration in the secondary structure
of the S-layer have been observed in terms of
protein arrangement and structure after metal
absorption (Gerbino et al., 2011). In a separate
study, Zhai et al. (2013) investigated protective
effects of L. plantarum CCFM8610 against
acute cadmium toxicity in mice. Results
revealed that CCFM8610 treatment can
effectively decrease intestinal cadmium
absorption, reduce accumulation of cadmium in
tissues, alleviate renal and hepatic oxidative
stress, and ameliorate hepatic histopathological
changes as compared to the mice that received
cadmium
only.
Administered
living
CCFM8610 cells after cadmium exposure
offered the most significant protection.
Recently, a group of researchers investigated
the capability of selected strains of LAB to
remove cadmium, lead and arsenic as well as
aflatoxin B1 (AFB1) from contaminated water
(Elsanhoty et al., 2016). Among all tested LAB,
L. acidophilus and B. anglulatum were detected
as the most effective heavy metal removers.

converting toxic Cr(VI) to a less-toxic Cr(III).
In a recent study, exopolysaccharide obtained
from Lactobacillus isolate showed 70%
decrease in the concentration of Cr+2 after 20
day incubation period with the heavy metal
from waste water (Khan and Dona, 2015).
Mercury has a long history of use in human
applications, yet due to high toxicity its
presence in many products has been phased
out. Preliminary studies in laboratory have
shown that certain strains of lactobacilli appear
to sequester mercury (Monachese et al., 2012).
However, no published scientific data on the
ability of LAB or gut microbiota to bind and
absorb mercury exist yet. Recently, the cell
surface proteins of Weissella viridescens MYU
205 showed binding to mercury (Hg+2) using
the Hg (II) column assay and later authors
identified, a 14 kDa protein that might be
acted as mercury binding proteins (Kinoshita et
al.,2013). Moreover, W. viridescens MYU 205
showed high biosorption rate for Hg+2 (about
80%) followed by Cd+2 and very low for Zn+2
(Kinoshita et al., 2013; Kinoshita et al., 2015).
L. plantarum and L. bulgaricus seems to be the
most promising bacteria for nutraceuticals
relevance of selenium-enriched lactobacilli
(Diowksz et al., 1999; Xia et al., 2007). LAB
can accumulate selenium in elemental form
owing to activate detoxification mechanism
that includes reduction of tetravalent selenium
to elemental selenium. In the food industry, the
nutritional value of the food product can be
enhanced
through
LAB
mediated
biotransformation of inorganic form of Se to
the organic form (Alzate et al., 2008; PerezCorona et al., 2011; Penas et al., 2012). During
the growth and lactic acid fermentation process,
inorganic selenium, which is potentially toxic
and poorly bio-available, is transformed to the
harmless and highly bio-accessible organic
form. Yogurt, cheese, kefir, sauerkraut, bread
and wine are the few examples of food
products fruitfully enriched with organic
selenium by LAB and yeast during the
fermentation of Se-enriched raw material. The
maximum Se concentration that allows kefir to
be fermented was found to be 2.5 µg/g, much
lower than the 50 µg/g found for yogurt (Alzate
et al., 2008). As suggested by Famularo et al.,
(2005), the regular intake of probiotic
preparations or LAB containing foods may

Chromium,
Mercury
and
Selenium
bioquenching
Chromium exposure for longer period can
generate resistant lactobacilli strains able to
better tolerate metals (Upreti et al., 2011).
Shrivastava et al. (2003) showed that
lactobacilli and other gut-associated bacteria,
along with some human immune cells, can
transform chromium to its less-toxic form.
Studies in mice revealed gut microbiota
provided the first line of defence to the body by
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serve to enhance the bioavailability of essential
elements and proteins with simultaneous
reduction of toxic metals in food.

sorbents. Journal of applied microbiology, 112(6), p.
1193-1206.
Bolotin A., Wincker P., Mauger S., Jaillon O., Malarme
K., Weissenbach J. & Sorokin A., 2001. The
complete genome sequence of the lactic acid
bacterium Lactococcus lactis ssp. lactis IL1403.
Genome research, 11(5), p. 731-753.
Canfield R.L., Henderson Jr., C.R., Cory-Slechta D.A.,
Cox C., Jusko T.A. & Lanphear B.P., 2003.
Intellectual impairment in children with blood lead
concentrations below 10 μg per deciliter. New
England journal of medicine, 348(16), p. 1517-1526.
Chang Y.C. & Kikuchi S., 2013. Extraction of Heavy
Metals from CCA Preservative-Treated Wood Waste
Using Lactic Acid Bacteria: An EnvironmentFriendly Technology. Journal of Bioremediation &
Biodegradation, doi,10.4172/2155-6199.1000e126.
Davis T.A., Volesky B. & Mucci A., 2003. A review of
the biochemistry of heavy metal biosorption by
brown algae. Water research, 37(18), p. 4311-4330.
Diowksz A., Ambroziak W. & Wlodarczyk M., 1999.
Investigation of the ability of selenium accumulation
by lactic acid bacteria of Lactobacillus species and
yeast Saccharomyces cerevisiae. Polish journal of
food and nutrition sciences, 1(08), p. 17-22.
Duhutrel P., Bordat C., Wu T.D., Zagorec M., GuerquinKern J.L. & Champomier-Vergès M.C., 2010. Iron
sources used by the nonpathogenic lactic acid
bacterium Lactobacillus sakei as revealed by electron
energy loss spectroscopy and secondary-ion mass
spectrometry.
Applied
and
Environmental
Microbiology, 76(2), p. 560-565.
El-Nezami H., Mykkänen H., Kankaanpää P., Salminen
S. & Ahokas J., 2000. Ability of Lactobacillus and
Propionibacterium strains to remove aflatoxin B1
from the chicken duodenum. Journal of Food
Protection, 63(4), p. 549-552.
El-Nezami H.S., Polychronaki N.N., Ma J., Zhu H., Ling
W., Salminen E.K. & Mykkänen H.M., 2006.
Probiotic supplementation reduces a biomarker for
increased risk of liver cancer in young men from
Southern China. The American journal of clinical
nutrition, 83(5), p. 1199-1203.
Elsanhoty R.M., Al-Turki I.A. & Ramadan M.F., 2016.
Application of lactic acid bacteria in removing heavy
metals and aflatoxin B1 from contaminated water.
Water Science and Technology, wst2016255. DOI,
10.2166/wst.2016.255.
Famularo G., De Simone C., Pandey V., Sahu A.R. &
Minisola G., 2005. Probiotic lactobacilli: an
innovative tool to correct the malabsorption
syndrome of vegetarians? Medical hypotheses, 65(6),
p. 1132-1135.
Fertmann R., Hentschel S., Dengler D., Janßen U. &
Lommel A., 2004. Lead exposure by drinking water:
an epidemiologial study in Hamburg, Germany.
International journal of hygiene and environmental
health, 207(3), p. 235-244.
Gadd G.M., 1993. Interactions of fungi with toxic
metals. New Phytologist 124, p. 25-60.
Gavin I.M., Melnik S.M., Yurina N.P., Khabarova M.I.,
& Bavykin S.G., 1998. Zero-length protein–nucleic
acid crosslinking by radical-generating coordination

CONCLUSIONS AND FUTURE
PROSPECTS
Lactic acid bacteria have an established role as
starter cultures and probiotics in the dairy and
food industry. These eco-friendly food grade
organisms can be used as an effective bioquenching/biosorptive agent to reduce the toxicity
of heavy metals from foods and water and
ultimately preventing their absorption in the
human body. Further, their application in food
may improve the bioavailability of trace elements. Though very limited information is
available in this direction, the outcomes of
different investigations done so far are encouraging and indicative of prospective use of
LAB as detoxifying agent. Nevertheless, extensive investigation has to be done to make these
processes suitable for industrial applications.
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Abstract
This paper briefly reviews the basic definitions of hematuria, the common causes and the prevalence of this simptom on
dogs and cats. This study was conducted in the Clinic of Faculty of Veterinary Medicine in the period between 1.10.
2016 – 1.02.2017 using IDEXX UA dipstick, IDEXX VetLab UA, Refractometer RHCN-200ATC and Grant Bio PCV2400 Combined Centrifuge.Data collected recorded 65 animals,with felines obtaining a precentage of 42% and canine
28% in regard of hematuria prevlance by species.In case of hematuria prevalence based on gender we registered 62%
males and 38% females.In hematuria prevalence by age we listed 32% of animales cu age range between 6-10 years,
31% with 1-5 years, and also 31% over 10 years, and 6% less than a year. From a total of 51 urinary dipstick who
tested positive, we discovered on the examination of urine sediment that 46 samples confirms, and 5 samples offered a
false - positive. Of the 71 samples analyzed 76% were within the macroscopic hematuria and 24% to microscopic
hematuria, and 28% of the samples showed no hematuria. As a conlcusion hematuria is a common finding of urological
pathology and it is important to known the risk factors of every species.
Key words: hematuria, prevalence, gross hematuria, microhematuria.

INTRODUCTION

important to confirm the presence of RBCs by
microscopy (Massengill, 2008)
Microhematuria is often detected during
investigation of symptoms such as dysuria,
urinary frequency, or flank pain (Massengill,
2008)

Hematuria is defined as the presence of five or
more RBCs per high-power (40x) field in a
fresh, centrifuged specimens obtained by
eithermanual compression of the bladder
catheterisation, or cystocentesis (Reine at
al.,2005). Healthy animals can excrete as many
as 3 red blood cells per high-power field
(Chew, 2011).
Hematuria is commonly subdivided according
to its type asmacroscopic hematuria (i.e.,
visible, named gross hematuria) and
microscopic hematuria (Figure 1, Figure 3)
(i.e., nonvisible detected with a microscope),
time of micturition (initial, terminal or total),
duration (intermittent or persistent) and the
clinical form - symptomatic or asymptomatic
(Costache, 2005).
Initial hematuria indicates the origin in urethra
or prostate (males), total hematuria – in
bladder, ureter, and kidneys, and terminal
hematuria, bladder or prostate (Mazhari, 2002)
(Figure 2).
Gross hematuria is suspected when urine is has
an abnormal color, usually red or tea-colored.
In evaluating gross hematuria, it is

Gross hematuria

Microscopic hematuria

Figure 1. Gross hematuria vs. Microhematuria
https://www.drugs.com/health-guide/hematuria.html
Initial hematuria
Terminal hematuria
Total hematuria

Figure 2. Hematuria. Time of micturition

www.kidneyservicechina.com/pkd-symptoms/4325.html
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a

b

A reagent strip, also called a dipstick, is a
narrow strip of plastic with small pads attached
to it. Each pad contains reagents for a different
reaction, thus allowing for the simultaneous
determination of several tests.
The colors generated on each reagent pad vary
according to the concentration of the analyte
present. Colors generated by each pad are
visually compared against a range of colors on
brandspecific color charts (Bataille et al.,
2016).
Urine dipstick is used to test for the peroxidase
activity of erythrocytes (Robert, 2007).

c

Figure 3. a Normal urine; b microscopic hematuria
(+++); c macroscopic hematuria (Barrat, 2007).

Table 2. Substances tested for by urine dipsticks

“Dipstick hematuria” and “dipstick microhematuria” is a nondiagnostic screening test
offering a positive result due to oxidation of a
test-strip reagent (Rao and Jones, 2008).
This paper briefly reviews thebasic definitions
of hematuria, the common causes and the
prevalence of this simptom on dogs and cats.
There are many causes of hematuria, and is a
priority in the medical act for the doctor
to discover the origin of hematuria by
establishing whether its nature is renal or
non-renal (Table 1).

Ureteric (stones,tumor)

Cystic disease
Renal tumors
Interstitial disease
Interstitial
nephritisPapillary
necrosis/analgesics
Stones or crystals
Acute infection

Bladder

Atrioventricular
malformation

- Cystitis)

Blood Ketones

Blood Ketones

Protein Urobilinogen

Protein Urobilinogen

Glucose Bilirubin

Glucose Bilirubin

Leukocyte esterase
Specific gravity

Leukocyte esterase
Specific gravity

Urine culture is performed in cases that have
clinical symptoms or laboratory evidence
(pyuria, hematuria, bacteriuria, positive nitrites)
of a urinary tract infection (Bataille et al.,
2016).
Also in the assessment of patients that express
hematuria, complementary tests should be
performed such as blood pressure, evaluation of
renal functional parameters and proteinuria
(Van Der Molen et al., 2012).
If the test is positive for hematuria unaccompanied by urine abnormality it is necessary to
determine serum creatinine. If it has a high
value more tests will be done. The normal
values of serum creatinine indicates the need
for an ultrasound (Fine, 2002).

Non-Renal Disease

Glomerulonephropathy

Commonly assessed Less
commonly assessed

(After: Barrat, 2007)

Table 1. Causes of hematuria
Intrinsic Renal Disease

Commonly assessed Less
commonly assessed

- tumors
- stones

Prostate (carcinoma
- Prostatitis)
Urethral lesions

(After: Fine, 2002)

Diagnosis of hematuria can be pronounced
easily by using urine strips which evaluates for
pyuria, proteinuria, heme positivity, and urinary
concentrating defects (Table 2) and using
microscopic examination of urine sediment by
evaluating for white blood cells and clumps,
RBC morphology, crystals, and casts.
Crystalluria can be determined by calcium
oxalate, calcium phosphate, uric acid, or cystine
crystals. Hypercalciuria isthe most common
cause of crystalluria (Massengill, 2008).

MATERIALS AND METHODS
This study was conducted in the Clinic of
Faculty of Veterinary Medicine in the period
between 1.10. 2016 – 1.02.2017.
In order to establish the prevalence of
hematuria in dogs and cats, fresh midstream
urine samples (5-10 mL) were obtained from
animals with urologic signs.
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We evaluated 71 samples, 27 from feline and
18 from canine, 40 being males and 25 females,
with age range between 4.5 months and 17
years.
The urine samples were first evaluated
macroscopically, and its color and clarity were
recorded; than we used IDEXX UA dipstick for
detecting the blood in IDEXX VetLab UA
Analyzer and Clinical Refractometer RHCN200ATC for measuring the urine specific
gravity.
The change in the color were noted an
compared with standard provided. After the
macroscopic evaluation the samples were
prepared for urine sediment examination by
centrifugation for 10 minutes at 6000x in a
Grant Bio PCV-2400 Combined Centrifuge.
The supernatant fluid was decanted and a drop
of sediment was transferred to a glass slide and
a coverslip was placed on the specimen.
The slides were examined at 400 magnification
for red blood cells.
Hematuria was considered to be present at five
or more RBCs per high-power (40x) field.

Hematuria prevalence by species

Feline

28%

Canine

42%

Figure 4. Hematuria prevalence by species (Original)

The males who participated in this survey most
were diagnosticated with urinary lithiasis and
FUS.
Females who manifested hematuria were
diagnosticated majority of them with cystitis,
microlithiasis and just one case with
glomerulonephritis and FUS.
Hematuria prevalence by gender

RESULTS AND DISCUSSIONS
38%

In the study prevalence of hematuria on dogs
and cats, we have taken in consideration
parametres that influence the result and
conclusion, such as species, age and gender.
In regard of hematuria prevalence survey
considering species, our result was that 65
animals participated, and felines obtained a
precentage of 42% and canine 28%.
Giving this result and from the diagnosis
established, the felines are more prone to
express hematuria, being liable to develop FUS
(feline urological syndrome), urinary lithiasis
and cystitis (Figure 4).
In case of hematuria prevalence based on
gender we recorded a significant proportion of
males which have registered a percentage of
62% followed by 38% females.
Based on the diagnosis discovered the percentage 62% males with hematuria is slightly
predictable being well known the frequency of
urological pathology in males due to
anatomical features of lower urinary tract
(Figure 5).

Males
62%

Females

Figure 5. Hematuria prevalence by gender (Original)

Hematuria was encountred in different ages of
the subjects, in a prevalence of 32% of
animales cu age range between 6-10 years, 31%
with 1-5 years, and also 31% over 10 years, and
6% less than a year (Figure 6).
Other studies have concluded that risk-factors
for stone formation, are age, gender and breed,
together with influences such as geographical
location, presence of UTI and dietary history
(Syme, 2012).
Cystine urolithiasis occurs preponderantly
(98%) in male dogs and are not common in
very young dogs but tend to occur in middleage (Syme, 2012).
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The prevalence of cystine calculi is highly
dependent on geographical location, with a
higher reported prevalence in dogs in Europe
than dogs from the USA (Syme, 2012).

Table 3 summarizes the main causes in
appearance of urine strips errors (Fine, 2002).
Table 3. Reasons in appearance of urine strips errors*

Hematuria prevalence by age
6%

31%

32%

31%

> 1 year
1 - 5 years
6-10 years
< 10 years

Reasons blood shows on
dipstick urinalysis but not
on microscopic exam (false
positive)

Reasons blood doesn’t show
on dipstick urinalysis but is
present on microscopic exam
(false negative)

Exercise

Captopril
Vitamin C

Dehydration

Acidic urine (pH <1.5)

Hemoglobin (part of red
blood cell) Myoglobin
(break down product of red
blood cell)

Concentrated urine
Protein in the urine
dipstick exposed to air

(After: O’Brien et al., 2014).

The protocol in the diagnosis of hematuria
includes first testing with urinary strip and if it
is positive urine should be sent for urinalysis. If
the patient has more than five RBCs/hpf,
microscopic hematuria is present.
The American Urologic Association declares
“evaluation should be based solely on findings
from microscopic examination of urine
sediment and not on a dipstick reading.”
(O’Brien et al., 2014).
From a total of 51 urinary dipstick who tested
positive, we discovered on the examination of
urine sediment that 46 samples confirms the
presence of more five red blood cells
(RBCs)/high power field, and 5 samples offered
a false - positive (Figure 8).
Positive dipstick for hematuria with negative
microscopy are often due to false negative
microscopy. With bright field microscopy,
negative results may occur as a result of
spontaneous lysis of red cells or by failure to
detect ‘ghost’ forms (Choi, 2003).

Figure 6. Hematuria prevalence by age (Original)

We evaluated 65 animals from which we
colected 71 samples on a period of 5 months;
the result we obtained using urinary dipstick
IDEXX UA, was 51 tested positive for RBC/
hemoglobin/ myoglobin - urine is discolored
but no RBC are noted on microscopic
examination (Figure 7).
100
80
60
40

Numbers of
dipstick tests

71

51

Positive samples
for hematuria

20
0

Figure 7. Numbers of dipstick test and positive samples
for hematuria (Original)

It is been noted that microscopic hematuria is
present when more than five red blood cells
(RBCs)/high power field are found (Fine, 2002).
Dipstick testing is the initial test for detecting
hematuria. It is very sensitive and will pick up
one to two RBCs/hpf (Fine, 2002).
Dipstick testing will register positive in a urine
that has microscopic hematuria allowed to
stand for too long (i.e., with hemolyzed RBCs)
in spite of few or no red cells being seen on the
film. In some cases, dipstick tests provides a
false negative or false positive (Choi, 2003).

60,00

51

46

40,00

Urine sediment
microscope
positive

20,00
0,00

Urinary
dipstick
positive

Red blood cells

Figure 8. Urine dipstick positive vs. Urine sediment
microscope positive (Original)

Of the 71 samples analyzed it was determined
that 76% were within the macroscopic
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hematuria and 24% to microscopic hematuria,
and 28% of the samples showed no hematuria
(Figure 9).
In assessing gross hematuria, it is important to
verify the presence of RBCs by microscopy.
After centrifugation of the urine, the finding of
red urinary sediment with a positive strip test
for hemoglobin it suggest hematuria, whereas
red supernatant with negative dipstick testing
for hemoglobin is indicative of myoglobinuria,
hemoglobinuria, or other causes of discolored
urine (Veerreddy, 2013).
The overwhelming result in which macrohematuria is triple to microscopic hematuria is
probably due to the fact that most of the
diagnosis established implies o advanced
pathological disorder in which bleeding is a
common sign.
Concerning the micturition moment, terminal
hematuria records a higher proportion, being an
element suggesting the involvement of the
lower urinary tract.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

urolithiasis and cystitis, can help the clinician
to pursue a reduced number of methods of
investigation offering a fast diagnosis.
More often than not, owners, demand an
immediate diagnosis, particularly when there is
macroscopic hematuria due to the impact of
blood in the urine that alarms them.
A simple and practical approach to the animal
who presents hematuria should consists in a
fewer invasive studies, a less costly evaluation,
and a accurate diagnosis.
Our results suggest that asymptomatic microscopic hematuria in dogs and cats is rarely
associated withclinically significant disease of
the urinary tract, but is mandatory to keep
under observations the animals.
Gross hematuria is more commonly and is
associated with urinary tract disease, such that a
thorough evaluation for determination of the
bleeding origin is justified and recommended.
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Hematuria is a common finding of urological
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approaches compared to human patients.
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Abstract
The use of sewage sludge as fertilizer in agricultural soils is considered an economical way to use the high amounts
produced by wastewater treatment plants. Besides the benefit, meaning high content of organic matter and nutrients,
sewage sludge can have a negative impact on environment because it can contain persistent organic pollutants or heavy
metals. The aim of this study is to establish the level of polychlorinated biphenyls (PCBs) and organochlorine
insecticides in sewage sludge collected from 10 wastewater treatment plants. The PCB IUPAC no. 28, 52, 101, 118,
138, 153, 180 and ten organochlorines were extracted with organic solvents, purified with copper and silicagel and
analysed by gas chromatography/time of flight mass spectrometry. The concentration of total PCBs ranged from 3ng/g
to 59.2ng/g dry weight, levels below the upper limit for land application according to Romanian legislation law for
agricultural use. The predominant congeners found in sewage sludge were PCB 28, PCB 52 and PCB 138. PCB
homologue profiles are dominated by Tri-CBs and Tetra-CBs. The contamination of sewage sludge samples with
organochlorine insecticides refers only to the presence of DDE and dieldrin. The other insecticides (aldrin, HCH,
ppDDT and ppDDD) are undetectable.
Key words: organochlorine insecticides, PCBs, sewage sludge.

INTRODUCTION

PCBs have an unusual high chemical stability,
high electrical resistance, low volatility and
resistance to degradation in the presence of
high temperatures, so they have numerous
industrial applications. Thus, PCBs were used
as dielectric fluids in capacitors and
transformers, as hydraulic fluids in mining
equipment, as heat transfer fluids or vacuum
pumps; they were also used as plasticizers and
additives, as lubricating and cutting oils (Jones
et al., 1991).
Because of their lipophilic nature, PCBs and
OCLspreferentially partition on sludge during
wastewater treatment. It seems that these
organic pollutants enter the wastewater stream
by direct or indirect release from household or
industry or by atmospheric deposition on
surface and then runoff into the wastewater
treatment system (Blanchard et al., 2001).
In 1973 it was thought that PCBs are 210
compounds that differ in number and position
of chlorine atoms (Jones et al., 1991). Later, the
scientists considered the theoretical existence
of 209 isomers of PCBs, of which about 150

Sewage sludge is a by-product of the waste
water treatment processes. It contains nutrients
and organic matter that can improve soil
productivity, so it is widely used as soil
amendments.
Land application of treated sewage sludge has
been adopted worldwide as a sustainable and
economical option for sewage management.
Besides the benefit, sewage sludge can have a
negative impact on environment because it can
contain persistent organic pollutants or heavy
metals. Thus, sewage sludge can be a source of
polychlorinated biphenyls.
Polychlorinated biphenyls (PCBs) and organochlorine insecticides (OCLs) constitute two
classes of compounds which are of prime
concern due to their extreme persistence in the
environment and potential for biomagnification. They also could be responsible for a
series of negative effects on life and
environment even at low concentrations (Jones
et al., 1991).
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was found in the environment (Larsen and
Bowardt, 1993).
PCB isomers have different toxicities. Nonortho substituted PCBs (IUPAC no. 77, 81, 126
and 169) belong to the group with the highest
toxicity, the mono-ortho substituted (60, 105,
110, 114, 118, 156, 157, 167) are moderately
toxic, while the remaining 197 are relatively
nontoxic (Soniassy et al., 1994). Among these
congeners, 12 have similar toxicity to that of
dioxins (PCDD/Fs) and to avoid the complexity
involved in the determination, 7 indicator have
been selected to monitor PCBs (PCB with
IUPAC no. 28, 52, 101, 118, 138, 153, 180).
Of the large number of insecticidal compunds
produced, the HCH isomer, lindane (-hexachlorocyclohexane), aldrin, dieldrin, and
dichlorodipheniltrichloroethane (DDT isomers
and metabolites) have been those most
frequently detected in environmental samples
(Babish et al., 1981) although these residues
have declined in recent years as a result of
legislative proscription of their use. Due to
these properties PCBs and part of OCLs were
included on the list of Priority Organic
Pollutants (POPs), adopted at Stochkolm
Convention in 2001.
The occurence of PCBs in waste waters may
arise from a number of sources, both industrial
and domestic (Lester, 1983), including aqueous
effluents from transformer and capacitormanufacturing, investment cating plants, waste paper
recyclingoperations (McIntyre and Lester, 1984).
One of the first reports of PCBs in sludge was of
six USA sewage sludges (Bergh and Peoples,
1977). The concentration are very high compared
with another studies, about 756000 ng/g,
probably because at that time, PCBs were still
commonly used (Clarke et al., 2010).
In 1990s, the concentrations of PCBs in sludges
were declining and were often below 1000
ng/g. For example, italian sludges analysed had
PCB concentration between 210 and 1010 ng/g
(Ottaviani et al., 1993).
By the new millenium, the concentration of
PCBs in sewage sludge had decreased to
500ng/g. For example, in a survey of Canadian
sludges PCBs were not detected in any of the
samples (Bright and Healey, 2003). A survey
of Spanish sludges from twenty waste water
plants reprted low PCB concentration ranging
between 3 and 60 g/kg (Abad et al., 2005).

This is below the European recommended limit
of 800 g/kg. In fact, all European studies had
concentrations lower than the European
contaminant limit.
Regarding OCLs, theymay enter the waste
water treatment plants process from industrial
discharge or as a component of urban runoff or
drainage into the system. However, little
researh has been carried out to investigate the
environmental pathways and source of these
compounds in sludge. Clarke et al. in 2010
considered that the most iluminating work was
a study by Nylund etal., in 1997 that measured
the concentration of organic contaminants in
sewage sludge during a dry and rainy period.
They found that the concentrations of DDT
increased from 39 g/kg in a dry period to 68
g/kg in a wet period and suggested that
atmospheric deposition facilitates the movement of this pesticides to the wastewater treatment plants. This suggests that a significant
portion of DDT are either washed out of the
atmosphere with rain or rainfall washes out
pesticide residues from the urban environment.
The concentration of lindane was not significantly different between the two periods (8.7
and 7.8g/kg) which suggests that precipitations does not play an important role in the
movement of lindane. Also, it was reported that
67±10% of lindane can be effectively removed
by wastewater because it has a higher vapour
pressure so it could be volatilised particularly
in an aeration basin of an activated sludge
(Kipopoulou et al., 2004).
Another study was developed by McIntyre and
Lester in 1984 in UK.They reported the
following concentration: lindan - 340 ng/g;
aldrin - 30 ng/g; and dieldrin:- 500 ng/g.Also,
in an analysis of digested sludge from fourteen
UK waste water treatment plants, HCH, HCB,
endosulfan, DDT, DDE, DDD and chlordan
were often below the detectable limit (Stevans
et al., 2003). The concentration of two of the
compounds above the detection limit were HCB
and DDE. This observation is related to declining
use of OCLs in Europe. HCB, like other
chlorobenzenes, has industrial applications,
which may account for its continuing presence in
all the samples (Clarke et al., 2010).
Another report of sewage sludge analysed for
OCLs came from data collected from 31 waste
water plants from China. Concentration of
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HCH (all four isomers) were not regularly
detected and the concentration was below limit
of detection for all isomers (Wang et al., 2007).
The presence of DDT was detected frequently
and HCB was detected in all samples. The
source of DDT may be diclofol which is still
used in China, and HCB is associated with the
production of pentachloronitrobenzene (Wang
et al., 2007).

0.25 mm x 0.25 m) with programmed temperature (from 100°C to 330°C with
20°C/minute).
The injector and transfer line temperatures were
250°C and 270°C, respectively. The carrier gas
was helium 6.0 at 1ml/min. Injection volume
was 1l in splitless mode. HRMS was operated
in selected ion monitoring (SIM) mode. The
calibration curve is made from at least five
standard solutions with equidistant concentrations.
All solvents are high purity grade for chromatographycompliyng with SR EN 15308 and
EPA 8081.
Quality control is assured through the use of a
certified reference material (LG6184). All
samples are analyzed in three replicates and to
avoid the contamination, a blank is running
parallel with the samples. The blank shall be
less than 50% of the lowest reporting limit.
Also, before extraction, Soxhlet equipment
were washed for 6 hours with 250 ml hexane.

MATERIALS AND METHODS
Thesewage sludge samples were collected from
10 wastewater plants situated in urban and
industrialized areas. From each plants were
collected ten treated sewage sludge samples.
Because both PCBs and OCLs are lipophilic
compounds, their adsorption on solid particles
depends on organic matter. Thus, an important
propertie who has to be determined is organic
carbon which has high values ranged between
19,2% and 30%. pH range between 5.4 and 7.2.
Samples were packed in aluminium foil and
directly delivered to the laboratory and stored
in a refrigerator. The determination of the
PCBs (IUPAC no. 28, 52, 101, 118, 138, 153
and 180) and OCLs (, , , -HCH, aldrin,
dieldrin, pp DDE, ppDDT, ppDDD) were
performed according with SR EN 15308 and
EPA 8081, respectively.
10 g of air-dried sample was mixed with
anhydrous sodium sulphate, placed in extraction thimble and Soxhlet extracted for a
minimum of 100 extraction cycles with approximately 150 ml acetone/hexane mixture.
Acetone is removed with water and organic
extract is reduced to an appropriate volume.
The extract clean-up is a very important step
and involved purification with copper (to
remove sulfur), sulfuric acid (to remove lipids).
The resulting extract is separated on silicagel
column and it is divided in two fractions. The
first fraction contain PCBs, aldrin and DDT,
and the second fraction contains HCH and
dieldrin. The final extract is injected in a gas
chromatograf coupled with time of flight mass
spectrometer.
Separation and identification of the target
compounds were performed with an Agilent
7890A gas chromatograph coupled with a timeof-flight mass spectrometer TruTOFTMHT.
This system operate with a non-polar stationary
phase cappillary column (DB-5MS with 60 m x

RESULTS AND DISCUSSIONS
The analytical results of PCBs concentration in
sewage sludge samples collected from wastewater plants (W) are presented below (Table 1).
The total concentration of PCBs ranged from 3
ng/g to 59.2 ng/g.
The highest levels were detected at W5, were
all isomers are presents, suggesting a possible
industrial effluent discharge source. According
to Romanian Regulation (Order no. 344/2004)
PCBs levels should be less than 0.8mg/kg dry
weight for agricultural use. We have to mention
that, from all PCB compounds, in this study
were quantified only seven.
Regarding the isomers concentration, it can be
observed that trichloro- and tetrachlorobiphenyls (PCB 28 and PCB 52) are the most
dominant (21.8% - 46.8% for PCB 28 and
20.7% - 53.3% for PCB 52). Contribution of
pentachlorobiphenyls (PCB 101 and PCB 118)
at total concentration is less than 17% and
hexachlorobiphenyls (PCB 138 and PCB 153)
represents less than 25% from total
concentration of PCBs.
The higher concentration of PCB 180 (isomer
with seven chlorine atoms) is 5.2 ng/g and it
was detected in W5 (Figure 1).
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Table 1. Mean concentration (ng/g) of PCBs in sludge from waste water plants (W)
PCB congener

W1

W2

W3

W4

W5

W6

W7

W8

W9

W10

PCB 28

5.8

2.8

3.8

8.9

15.4

2.3

1.4

1.4

3.4

2.8

PCB 52

6.5

2.7

4.3

5.8

21.6

2.1

2.6

1.6

3.4

2.4

PCB 101

1.5

1.7

1.6

1.2

5.8

0.3

0.8

-

1.9

0.8

PCB 118

-

0.4

-

0.1

0.4

-

-

-

0.3

-

PCB 138

0.6

1.9

-

1.5

2.6

0.8

0.7

-

1.6

0.3

PCB 153

0.8

1.1

-

0.6

8.2

0.6

0.4

-

1.4

0.6

PCB 180

1.3

2.4

-

0.9

5.2

0.2

0.5

-

1.3

0.2

Total PCB

16.5

13

9.7

19

59.2

6.3

6.4

3

13.3

7.1

Similar concentration were reported in sludge
in Beijing were the isomers concentration ranged
between 7.5-19.4 ng/g (Guo Li et al., 2009).
Another studies gave contents between
0.19 ng/g and 72.5ng/g (Souze Pereira and
Kuch, 2005).
The concentrations founded in this study are
lower than those founded in Germany were the

PCBs concentration range between 60 ng/g and
212 ng/g (Lindholm-Lehto et al., 2016).
Regarding the profiles of PCB isomers, this
study indicate similar results with those
obtained by the researchers from Valencia who
also observed that PCBs in sludge samples
were dominated by low chlorinated compounds
(Gomez-Rico et al., 2007).
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Figure 1. PCB homologue profiles of the sewage sludge samples

Regarding the contamination of sewage sludge
with organochlorine insecticides it can be
observed that HCH isomers, aldrin, ppDDD
and ppDDTare not detectable in all samples.
Dieldrin was found sporadically only in two
samples with concentrations 26 ng/g,
respectively 28 ng/g. ppDDE contaminate
4 samples with concentrations ranged between
18 ng/g and 56 ng/g.

Total DDT is a sum of ppDDE, ppDDD and
ppDDT, so it is reasonable to assume that the
contribution of total DDT is comprised of
ppDDE.
The presence of DDE in sewage sludge
samples may be connected to breakdown of
DDT to DDE in environment (Figure 2).
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Figure 2. Distribution of organochlorine insecticides in sewage sludge samples
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The present sudy indicate a low contamination
of sewage sludge with PCBs and
organochlorine insecticide.
PCB homologue profiles are dominated by
trichloro biphenyls (PCB 28) and tetrachloro
biphenyls (PCB 52).
HCH isomers, aldrin, pp DDT and pp DDD
were not detected in any sewage sludge
samples, instead DDE contaminate 4 samples.
The presence of pp DDE is connected with
breakdown of pp DDT. Dieldrin was only
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The presence of these organic pollutants in
sewage sludge samples, even at low levels,
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Abstract
Nanosized vesicles are released by animal cells in the extracellular environment and have been retrieved in body fluids.
Their small dimensions and relative stability as compared to synthetic liposomes has prompted their use as drug and
gene delivery vehicles. However, the use of animal vesicles originating from cultured cells is hampered by safety issues.
Recent findings have shown that edible plant-derived nanovesicles with a biochemical content resembling that of
vesicles isolated from animal cells and body fluids could be obtained from vegetal sources, such as grape and
grapefruit juices. These nanovesicles improved the stability and bioavailability of orally administered bioactive
compounds such as curcumin and have been proposed as a therapeutic approach for the treatment of cancer and
immunological disorders of the digestive tract. Furthermore, they have also shown therapeutic efficacy by themselves,
being able to stimulate signaling pathways in intestinal target cells and demonstrating a cross-kingdom ability to
transmit signals between vegetal and animal cells, that foster their use as nutriceuticals.
Key words: plant edible nanovesicles, exosomes, drug delivery, therapeutic carriers, nutriceuticals.

INTRODUCTION

emerged that they actually have important
functions in cell-to cell communication and
must be considered an additional manner to
transmit signals outside the cell, even in distant
districts of the body and across biological
barriers. EVs have a peculiar and complex
biochemical composition, which is reminiscent
of the cell of origin. In addition to lipids and
proteins, they have raised considerable interest
because they contain nucleic acids, namely
mRNA and miRNA. To this regard, they have
also been demonstrated to be a vehicle for
horizontal gene transfer, as after transfer of
exosomal mRNA, new proteins were found in
the recipient cells, indicating that transferred
exosomal mRNA are translated (Valadi et al.,
2007).
The size, biochemical features and widespread
distribution of EVs have suggested many
potential applications (Urbanelli et al., 2015).
From a therapeutic point of view, EVs are able
to present antigens and have been employed as
immunostimulatory agents. More recently, it
has been demonstrated that many regenerative
properties of stem cells can be mimicked by
stem cell released EVs, thus fostering their use
in regenerative medicine. The presence of EVs

Animal cells release in the extracellular
environment
membrane
surrounded
extracellular vesicles (EVs) of different
subcellular origin and dimensions. Most of
these vesicles originate either from the outward
budding
of
the
plasma
membrane
(microvesicles
or
ectosomes)
or
are
Intraluminal vesicles (ILVs) contained in
Multivesicular Bodies (MVBs) of the late
endosomal compartment, which are released
outside the cell upon fusion of the MVB with
the
plasma
membrane
(exosomes).
Microvesicles
are
characterized
by
heterogenous shape and dimensions ranging
from 100 nm to 1000 nm, whereas exosomes
are smaller, with a diameter between 30 nm
and 120 nm (Urbanelli et al., 2013). After
being released extracellularly, EVs end up in
biological fluids and over the last 30 years,
they have been isolated from many sources,
namely blood, urine, saliva, cerebrospinal and
amniotic fluid, breast milk (Yanez Mo et al.,
2015). From a physiological point of view, they
have been initially considered as disposal bags
for unnecessary substances, but it has later
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in easily accessible circulating biofluids has
prompted their use for diagnosis and prognostic
purposes, in particular as biomarkers in cancer.
Furthermore, another property has attracted the
interest of the scientific community for EVs:
they are relatively stable in biological fluids,
i.e. much more resistant to degradation than
synthetic liposomes, and their surface can be
modified to increase their ability to target
specific tissues or pass important barriers. This
feature has suggested their use as drug delivery
carriers for small molecules as well as for
nucleic acids. As a matter of fact, EVs are
nanovectors that protect their own nucleic acid
content from degradation in biological fluids.
EVs have been successfully loaded with many
important
drugs,
such
as
paclitaxel,
doxorubicin and methotrexate or with nucleic
acids such as siRNA and miRNA (PérezBermúdez et al., 2017), showing the ability to
increase the stability and bioavailability of
these therapeutic agents in vivo.
Nevertheless, some problems related to the use
of EVs as drug delivery carriers remain.
Isolation and characterization procedures are
far from being standardized and although safety
risks for EVs are reduced with respect to cellbased therapies, their use require standard
preparation protocols and imply regulatory
issues that must be addressed. This evidence
has prompted the search for a safer source of
EVs for therapeutic purposes. A possible
approach is the use of EVs synthetic mimetics,
i.e. liposome with a lipid composition and
surface charge based on the lipid composition
and surface charge of EVs. However, the recent
isolation of nanovesicles (NVs) in edible plants
with structure and composition that appear
comparable to mammalian cell-derived small
EVs, i.e. exosomes, has opened a new
perspective for the therapeutic application of
EVs as nanocarriers.
NANOVESICLES
PLANTS

FROM

al., 2015). Moreover, there is evidence that
vesicles may be involved not only in plant-cell
communication but also in cross-kingdom
communication between plants and animals: a
plant-derived miRNA such as miR-168 from
rice has been reported to enter the circulation of
rice-fed mice enclosed in vesicles (Zhang et al.,
2012).
Currently, NVs have been isolated from
different edible plants (grapefruits, grapes,
ginger, carrots and citrus limon) and their
structure and function have been characterized
(Ju et al., 2013; Mu et al., 2014; Wang et al.,
2014; Raimondo et al., 2015). Since they are
round-shaped and have a structure closely
related to mammalian exosomes, they have
been often called exosome-like nanovesicles or
exosome-like nanoparticles.
Plant-derived NVs have been usually isolated
by differential centrifugation followed by a
density gradient centrifugation step using plant
juices as starting material, a protocol already
used for the isolation of mammalian exosomes.
Biophysical approaches (electron microscopy,
nanoparticle tracking analysis and dynamic
light scattering) have shown that these
nanovesicles are exosome-like structures whose
average diameter depends on the vegetal
source. In fact, the diameter of nanovesicles
from lemon juice was between 50 and 70 nm
(Raimondo et al., 2015), whereas NVs with a
larger diameter were observed in grape (~400
nm), grapefruit and ginger (~250 nm) (Ju et al.,
2013; Wang et al., 2014; Mu et al., 2014).
The size of NVs is an important parameter as it
influences their interaction with recipient cells,
namely with intestinal mucus cells (Zhang et
al., 2016). As mammalian exosomes, plantderived NVs usually show negative surface
charge (-49.2 to 1.52 mV zeta potentials),
indicating that they exhibit mutual repulsion
and no tendency toward aggregation (Zhang et
al., 2016).
Further analyses have been also carried out to
test the stability of plant-derived NVs in
stomach-like and intestinal-like conditions by
resuspending the NVs either in water or in
stomach-like and intestinal-like solutions, then
analysing their size and surface charge. Results
have demonstrated that the size and charge of
the plant-derived NVs are modified in pHdependent manner (Mu et al., 2014; Wang et

EDIBLE

Recent studies have shown in plants the
exocytosis of NVs structurally resembling
mammalian exosomes. Plant MVBs implicated
in the release of anti-microbial compounds to
fight against fungal infections and to help
fertilization have been described (Yañez-Mó et
168

al., 2014), but the modification of these
biophysical parameters depends on the
vegetable source. Mu and coworkers (2014)
showed that grape-derived NVs became
smaller in size in stomach-like and intestinelike solutions, whereas in the case of ginger
NVs, a subset of the population enlarged in size
was generated in stomach-like and intestinallike solutions. The size distribution of NVs
derived from grapefruit and carrots was
modified in stomach-like solution, but not in
intestinal-like solution. pH-depended changes
of NVs surface charge were also observed (Mu
et al., 2014; Wang et al., 2014). Specifically,
the surface charge of the NVs derived from
different vegetal sources was still negative in
intestinal-like solution whereas a remarkable
reduction in negative charge was observed in
stomach-like solution (Mu et al., 2014; Wang
et al., 2014). Wang and coworkers (2014) also
evaluated the stability of grapefruit-derived
NVs after serial digestion in gastric and
intestinal
enzymatic
solutions
and
demonstrated that these NVs are resistant to
digestion by both gastric and intestinal
solution.
The biochemical composition of plant-derived
NVs shows peculiarities with respect to
mammalian exosomes and is strictly dependent
on the vegetable origin. For this reason, it is not
surprising that NVs from different plants have
different biological effects on recipient
mammalian cells (Mu et al., 2014). Firstly,
plant-derived NVs contain RNA and
specifically a substantial amount of small-sized
RNAs, thus indicating that plant-derived NV
preparations are enriched in exosome-like
nanoparticles resembling animal exosomes (Ju
et al., 2013; Mu et al., 2014). NVs miRNA
profile indicated that vesicles contain miRNA
and specifically grape-derived NVs contain
miRNA enriched for the miRNA169 family (Ju
et al., 2013).
Proteomic analyses allowed to identify 28
proteins in NVs from grapes (Ju et al., 2013)
and 137 proteins in NVs from grapefruit (Wang
et al., 2014). The protein profile indicated that
a number of these proteins regulate
carbohydrate and lipid metabolism (Wang et
al., 2014). Interestingly, in the apoplastic fluid
of sunflower a protein showing 68% identity
with human Rab11a GTPase (a mammalian

exosome protein) has been identified, indirectly
confirming the similarities between plant and
mammalian nanovesicles (Yañez-Mó M. et al.,
2015).
Lipidomic analyses demonstrated differences in
lipid composition of NVs of different origin.
Like mammalian exosomes, grapefruit NVs are
enriched in PE (~ 45%) and PC (~ 28%); in
particular, they are rich of PE (34:2) and PC
(34:2) molecular species (Wang et al., 2014). A
peculiar lipid composition was observed in
grape NVs that are enriched in PA (~53%) and
PE (~26%) (Ju et al., 2014).
PLANT-DERIVED NANOVESICLES AS
THERAPEUTIC TOOLS
Studies reported in the previous section not
only investigated the structure and the
biological composition of plant-derived NVs,
but also determined their biological effect on
mammalian cells.
Results demonstrated that these nanoparticles
are taken up by intestinal cells and influence
intestinal regeneration and anti-inflammatory
responses (Ju et al., 2013; Mu et al., 2014;
Wang et al., 2014). The first demonstration that
plant-derived NVs can penetrate the intestinal
mucus barrier derived from the study of Ju and
coworkers (2013). This study showed that
grape NVs are taken up by mouse intestinal
stem cells and subsequently strongly promote
the proliferation of intestinal stem cells through
the Wnt/β-catenin pathway. In addition, it has
been provided evidence that the oral
administration of NVs leads to protection of
mice from dextran sulphate sodium (DSS)induced colitis via induction of intestinal stem
cells proliferation. NV lipids seems play an
important role in targeting intestinal stem cells
and in the promotion of their proliferation.
Mu and coworkers (2014) showed that NVs
isolated from four edible plants (ginger, carrot,
grape and grapefruit) are taken up by intestinal
macrophages and stem cells and exerted
biological effects acting on different
intracellular targets.
The four plant-derived NVs induced in
macrophages
the
activation
of
antiinflammatory and anti-oxidant processes,
whereas only ginger NVs were able to induce
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the expression of the antioxidation gene heme
oxygenase-1 and of the anti-inflammatory
cytokine IL-10. Furthermore, all the different
NVs considered in this paper induces an
activation of Wnt signalling, which is crucial
for maintaining intestinal homeostasis.
Recently a role of plant-derived NVs in
influencing cancer progression has been
demonstrated. In this regard, Raimondo and
coworkers (2015) showed that NVs from citrus
lemon juice inhibit cell proliferation in
different tumor cell lines by activating TRAILmediated apoptotic cell death. Authors also
demonstrated, using an in vivo xenograft model
of chronic myeloid leukemia, that citron lemon
NVs reached the tumor site and suppressed
tumor growth by activating TRAIL-mediated
apoptotic cell processes and inhibiting of
angiogenic processes.
The
identification
of
exosome-like
nanoparticles in plants, with a structure and
composition not distant from that of
mammalian derived exosomes, has suggested
their use as an alternative tool for drug and
gene delivery. This approach is based on
vesicles prepared from edible plants, and shows
evident benefits in terms of safety and cost.
Vesicles isolated from fruit juices (e.g., grape,
grapefruit, and tomatoes) or from Actaea
species have been loaded with different
therapeutic drugs for the treatment of cancer
and inflammatory disorders (Urbanelli et al.,
2015). In two studies, it was also demonstrated
that chemotherapeutic drugs such as
methotrexate as well as siRNAs can be
encapsulated into plant NVs (Wang et al.,
2013; Wang et al, 2014). More recently, the
capability of a grapefruit-derived nanovector to
carry miR-17 for therapeutic treatment of
mouse brain tumor has also been shown,
providing the proof of principle that these
vesicles can be used to deliver a miRNA across
the blood–brain barrier via an unconventional
route, i.e. intranasal delivery (Zhuang et al.,
2016).
In the case of curcumin, its improved stability
and bioavailability once encapsulated in plant
NVs has led to ongoing clinical trials
investigating the ability of such nanocarriers to
deliver curcumin to normal and colon cancer
tissue (https:// clinicaltrials.gov/ct2/show/
NCT01294072).

The isolation of nanovesicles from plants
suggest
many
relevant
applications.
Nanovesicles
from
plant
appear
to
communicate with the entire digestive tracts of
mammals and mediate important physiological
functions, representing a tool for cell
communication between plants and animals.
Their structural and biochemical features will
prompt their therapeutic use not only as carriers
for bioactive compounds and nutriceuticals, but
also as drug delivery vehicles, that can be
loaded with drugs or genes to improve the
stability and bioavailability of these
therapeutics.
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Abstract
The paper targets the observations over the impact of consultancy and advisory work performed at the scale of a rural
micro-region in terms of present choices for the future development by implementation of different possible projects,
mostly with public co-financing. The choice of area and previous activities leads to one Local Action Group active in
the previous programming period with specific knowledge and accumulated experience. The preparation for the current
programming period creates the opportunity to analyse the directions and the volumes of the future intentions of
projects in a sort of project pipelining during the information and animation meetings in the future Local Action Group.
The observations collected by a structured questionnaire are further analysed to extract the facts and findings related
to different types of actions, investment levels and co-financing readiness. The findings are further compared to the
respondents' profile, the earlier achievements and the current reality and realism in order to understand the impact of
the specific inputs from consultancy during the animation sessions. The consultancy and the content delivery of the
advisory sessions are comparable for the purpose of this analysis as both preparation phases for the two programming
periods were covered by the same consultant. The findings lead to solid grounds for the conclusions linking the content
and the consultancy interventions to the realistic options of the local actors closely correlated to the vocation of the
rural micro-region and the logic of earlier interventions by projects.
Key words: consultancy, co-financing, LAG, LEADER, projects.

INTRODUCTION

competition but highly relevant for the microregion.
Considering the absolute lack of experience in
community led local development from the
period of Romania's pre-accession to EU the
consultancy role in animating and structuring
the rural partnership ready to assume the future
LDSs appears critical to success.
For all these considerations, the analysis choice
focusses on a LAG that successfully
implemented its strategy under NRDP 20072013 and prepares the implementation of its
new LDS under NRDP 2014-2020. The central
interest highlights the capitalised learning from
the previous programming period used during
the formulation efforts for the future strategy at
the beginning of the year 2016.
The previous implementation results are used
to measure the choices, the diversification or
the continuity of the expressed options for the
current programming period (2014-2020). The
observations can highlight the consultancy
impact over the options as type and scale of
intervention while aiming to support the best

The research regarding the rationale of
different development options, particularly by
project-based interventions at the scale of a
rural region is very limited. Furthermore, it is
difficult to identify the place and the role of the
supporting advisory work and consultancy
inputted in the preparation and implementation
stages of the future strategic development of a
zone or a mix of relevant rural actors.
In this respect, the most relevant research
environment is currently represented by the
Local Action Groups (LAG) supported by the
National Rural Development Programmes
(NRDP) for the implementation of their Local
Development Strategies (LDS). The relevance
is derived from the type of actions covering all
possible and available investments in rural
areas supported by the NRDPs, by the type of
actors regrouping under a Public-PrivatePartnership all rural stakeholders and scale
considering that most projects are small to
medium size, less relevant in a national
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choices in terms of proportionality, interest and
development vocation for the territory.

your own financial contribution that you are
prepared to allocate for these projects?
The aim was to link and compile the collected
answers in the sense of capturing the highest
interest in further development, the economic
size of the future projects in terms of amounts
and the readiness to support the investments by
co-financing the public contribution to the
projects.
In order to provide the respondents with
sufficient freedom of decision each question
included three possible answers. Offering
multiple potential directions made possible an
inner ranking of development priorities and
allowed the self-priorities to come straight from
the concerned rural actors instead of
extrapolating and articulating multiple answers.
The directions and options, the amounts needed
for the targeted projects and the level of
contribution by co-financing are corroborated
to illustrate the current state and orientations of
the project promoters and further connected
with the results from the first programming
period (LAG LMJ, 2015). These results lead to
the conclusions proposed by the present paper
highlighting the rationality of the participants,
the development vocation of the territory and
the impact of the consultancy over the choice'
formulation process and not the nature or the
type of choices made.

MATERIALS AND METHODS
Since the observation environment had to
provide a diversity of options for project-based
development in a rural area that has benefited
consistently from advice and consultancy
support with a complete range of eligible rural
stakeholders the best choice for a micro-region
was offered by the 163 Local Action Groups
from the 2007-2013 period that have completed
the implementation of their strategies at the end
of 2015. The NRDP 2007-2013 (MARD, 2015)
by its fourth LEADER dedicated axis brought
for the first time the possibility to introduce a
community led local development approach.
The learning process had to be implemented
on-the-fly with no previous experience, not
even similarities from the earlier developments,
with untrained staff and poorly informed rural
population. That situation offered perfect
grounds for the consultancy to support the
formulation and the later implementation of the
required Local Development Strategies. These
inputs are measured in the current paper twofold: implementation success of the first round
of LDSs, and the link and foundation of the
present choices for the current LDSs. The
second measurement gives the substance to the
capitalised learning from the earlier LDS (LAG
LMJ, 2014) as reflected by the rationality of
the expressed options for development.
Technically, the information and the animation
sessions, as part of the current setup of next
generation of LAGs and LDSs (AFRI, 2016)
were concluded with a brief questionnaire
structured in questions with open answers as
detailed bellow. The choice of the application
moment was driven by the need of fresh,
relevant, concise and precise information
regarding the development framework as set by
the EU (EC, 2013) and national regulations
(MARD, 2016).
The structured questionnaire asked seven
questions of which the first three are of interest
in the present analysis: 1- What projects do you
expect to implement with the support of the
future LAG? What is the total value/amount for
each of these projects? What is the level of

RESULTS AND DISCUSSIONS
The selected LAG territory has a high
favourability for both agriculture and rural
economy, being well connected in terms of
communication and transport infrastructure and
therefore presenting a multiplication factor in
terms of development opportunities. These
elements of high favourability were needed in
order to ensure a positive balance of
implementation results for the projects from the
NRDP 2007-2013. This success is considered
to be critical to the learning experience of the
rural actors and has a consistent influence over
the present and future development options.
The LAG LMJ (Lunca Muresului de Jos)
developed in a partnership of 14 rural and 1
urban localities covering 1308 km2 and 69253
inhabitants. These figures become highly
relevant when the implementation results are
introduced.
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The profile of the participants to the
information and animation sessions and
therefore of the respondents in our analysis
reflects the general shares of interest and
professions in the territory. In this respect, half
of the respondents were farmers and the other
half was uneven split between rural
entrepreneurs (30%) and NGOs, initiative
groups and public entities (20%).
The composition of the groups is highly
relevant to the study since the answers rarely
point outside the immediate and direct
professional interest. This is to say that farmers
interested in developing entrepreneurial actions
in non-agricultural rural economy have
manifested their interest and the results are
captured in answers. Still there is no case of
rural entrepreneur interested in investing in
agriculture at this point, at least not reflected by
the collected answers.
The open answers were meant to give complete
freedom to the respondents in formulating their
options and intentions. One major decision
factor in this case was represented by the
moment of collection when most of the
measures in the NRDP 2014-2020 (MARD,
2016) were in a very early stage of formulation.
This level of development could have created
sufficient confusion for the relevant rural actors
and the stakeholders in the absence of coherent
consultancy support making permanent
reference to the EU framework (EC, 2013) as
the general pillar of orientation for rural
development actions in the current period.
A general observation across the three
questions can indicate that the participants have
developed a two-step level of priorities with a
coherent build-up yet the third level is rather
unclear, not consolidated or even developing
according to the first two actions. This
observation is based on the relative reduced
number of collected answers and might
question the validity of their orientations when
applied to the entire territory. For these reasons
the focus shifts to the first two options along
the three questions.
The freely formulated answers for the
directions of the future projects were later
checked for errors, processed, interrelated,
cross-linked and interpreted. The resulting
answers from the first question are presented
bellow (Table 1) as complete set of data in

order to enable the observers by offering the
complete picture of directions and intentions.
As it can be observed the quasi-majority of the
participants (189/200 respondents) answered
with a first option for a future project. Almost
2/3 of these respondents (61%) have presented
a second project intention and almost 1/3 of
them have even a third project intention (31%).
Table 1. Options for projects/investments
(No. of respondents)
Options / Question
No. of respondents
Not answered
Non-agricultural activities,
services, rural business
Cultural activities and sport
Social activities
Modernising agriculture
Modernising fruit production
Modernising winery
Modernising animal husbandry
Agricultural infrastructure
Social infrastructure
Cultural and sport infrastructure
Food processing
Non-agricultural infrastructure
Public physical infrastructure
Beekeeping
Vegetables, flowers and
special crop production
Support to young farmers
Fruit production
Marketing and agro-markets
Fishery
Conditioning and storage
Alternative energy
Information, dissemination and communication
Exchange and know-how
Association and producer groups
Support to small farms

1a

1b

1c

189
0

116
73

56
133

40

26

12

7
4
45
0
1
8
7
6
8
8
0
9
5

2
1
22
0
1
10
1
4
5
6
1
5
1

3
0
6
0
0
4
3
1
3
4
0
6
1

3

2

3

6
11
2
0
14
3
0
0
1
1

3
4
1
1
10
5
2
1
1
1

0
2
0
0
2
2
0
0
3
1

In order to facilitate the general observation in
terms of orientations the first five directions as
preferred by the respondents are presented
bellow (Table 2).
The
first
three
categories
represent
systematically more than 50% of the provided
answers for the first or the second project
intention.
Table 2. Main options for projects/investments
(No. of respondents)
Option / Question
Non-agricultural activities, services,
rural business
Modernising agriculture
Conditioning and storage
Modernising animal husbandry
Non-agricultural infrastructure

1a

1b

1c

40

26

12

45
14
8
9

22
10
10
5

6
2
4
6

Also, the total number of potential projects in
the first two categories is absolutely
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comparable where 78 answers count for
projects in non-agricultural activities, services
and rural business and 73 answers indicate
projects in modernising agriculture. Since the
differences between the first two categories are
around 2% however we compare them, in total,
as first or second project intention we can
conclude that these directions are equally of
main interest for the respondents. Also, the
large differences between the first two and the
following expressed options indicate a specific
weight of these categories that are not
complementary.
The expected amounts for completing the
implementation of the announced project
intentions are relatively dispersed among
segmented values (Table 3).

The levels as illustrated in the table above are
those advanced directly by the respondents.
Within such a large range of dispersion it might
prove difficult to observe a potential trend. To
this aim the various amounts are regrouped in
coherent categories (Table 4). The categories
are meant to increase with the amounts instead
of maintaining uniform classes in order to
highlight eventual concentrations instead of
simply reducing the scale of the dispersion.
Table 4. Regrouped ranges of total financing for the
projects (No. of respondents)

Table 3. Expected amounts of total financing for the
projects (No. of respondents)
Amounts / Question

2a

2b

2c

No. of respondents

163

74

32

Not answered

26

115

157

3000 €

1

0

0

4000 €

0

1

0

5000 €

5

4

4

7000 €

1

1

0

8000 €

3

1

0

10000 €

9

4

0

15000 €

5

1

0

20000 €

4

5

2

21000 €

1

0

0

25000 €

6

1

1

30000 €

1

4

2

35000 €

1

0

0

40000 €

10

4

2

50000 €

24

7

2

60000 €

5

2

1

70000 €

4

1

1

80000 €

3

1

0

90000 €

2

0

0

100000 €

34

13

3

120000 €

1

0

1

150000 €

2

6

2

180000 €

1

1

0

200000 €

22

4

3

250000 €

3

0

1

300000 €

2

4

0

400000 €

3

1

1

500000 €

8

3

1

600000 €

0

1

0

1000000 €

0

3

1

1200000 €

1

0

0

1500000 €

0

0

1

2000000 €

1

1

2

question

2a

2b

2c

<20000 €

24

12

4

20000-49000 €

23

14

7

50000-99000 €

38

11

4

100000-199000 €

38

20

6

200000-499000 €

30

9

5

500000-999000 €

8

4

1

>1000000 €

2

4

4

A first observation refers to the polarisation
around the category 100000-199000 €. Most
answers across all three options (64
respondents, or 33% of total) most options
within the first (23%) and the second options
(27%) place this range among the most likely
level of the project' total expenditure. This
category is followed by the range of 5000099000 € relatively close to the first one and
equal at the level of the first project intention,
while the other categories disperse almost
Gaussian from the above revealed peak.
If crossed with the types of projects promoted
and the expected amounts for the
implementation the main development options
consolidate further their position of core
interest (Table 5). The highest total amounts as
expressed per options or in the consolidated
total indicate the investments in modernising
agriculture as dominant followed by the rural
entrepreneurship. This observation consolidates
the earlier findings linked to the main
orientations.
Table 5. Cumulated total amounts for the main options
for investments (€)
Options / Amounts
Non-agricultural activities,
services, rural business (€)
Modernising agriculture (€)
Conditioning and storage €)
TOTAL (€)
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2a

2b

2c

4910000

2157000

700000

6536000
1204000
12650000

2640000
1975000
6772000

665000
1365000

Any of the first two orientations are
overpassing the realism of possible and
potential allocations for this type of projects or
any other types since the total public
contribution (NRDP) places bellow the
demanded levels. However, this fact does not
prove a break from reality but underlines the
high demand for projects in line with these two
(core) categories for the territory.
At the same time, the observations regarding
the concluded implementation of the previous
LAGs budget indicate a high level of
commitment as the projects linked to the
modernisation of agriculture managed to
mobilise over one million euro (1070804 €) of
private contributions, otherwise compulsory in
implementation (LAG LMJ, 2015)! About one
third of the total budget (3,58 M€) was
represented by private co-financing (1,13 M€)
for measures and projects in line with the
current mainstream: modernising agriculture
and developing the rural entrepreneurship
(LAG LMJ, 2015).
Observing the aimed co-financing shares that
respondents are ready and willing to advance in
line with the EU regulations (EC, 2013) and the
respective national framework (MARD, 2016)
the indicated percentage as free and open
answers show a relative polarisation linked to
the type of project intentions (Table 6).

information and animation sessions by the
consultancy and originating in the Reg. EU no.
1305/2013 (EC, 2013) and the second derived
from the previous programme (MARD, 2015)
experience and the earlier implemented LDS
(LAG LMJ, 2014). As the implementation
report shows the average co-financing recorded
for private contributions moved from 30% for
rural
economy
and
entrepreneurship
investments up to 50% respectively 57% for
investments in modernising the agriculture
(LAG LMJ, 2015).
Another variable to consider is the relative
large support for diversification of rural
economy that is available via the NRDP 20142020 and accessible to LAGs under the shape
of grants with 100% public contribution for the
eligible expenditure. This type of projects did
not exist in the previous programme NRDP
2007-2013 and could prove highly appealing to
the present of future rural entrepreneurs.
The final consideration about the shares refers
to the coverage of the co-financing and in this
respect the announced shares should be read as
private contribution covering both the
compulsory private contribution for the eligible
expenditure and the non-eligible expenditure
entirely private as necessary for the
implementation of the projects.
The main project intention in terms of cofinancing shares collected the answers of 2/3 of
the total respondents and distributed the
majority of the shares between 10%-30%. The
second project intention reduces the range to
10%-20%.
The presented answers for all the analysed
questions and options or iterations show
coherence and deep understanding linking the
intentions and the determination to proceed to a
project-based development indicating a
possible link to the earlier gained experience
and knowledge.

Table 6. Shares of co-financing for the intended projects
(No. of respondents)
Shares / Question

3a

3b

3c

No. of respondents

154

58

28

Not answered

35

131

161

2%

2

1

2

5%

4

2

1

8%

1

0

0

10%

51

21

14

12%

1

0

0

15%

9

5

1

20%

34

13

3

25%

3

2

2

30%

23

7

2

40%

4

1

0

50%

19

6

3

60%

2

0

0

85%

1

0

0

CONCLUSIONS
The experience of delivering information and
collecting the feedback integrated in clear
action and development intentions indicate a
powerful enabling instrument for the rural
actors and stakeholders of the rural
development process at micro-regional scale. In
this context, the place and the role of the

The orientation around the values of 10%,
20%, 30% and 50% is cross linked with two
elements: the first represented by the newly
acquired knowledge transported during the
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advisory and consultancy appears critical as
knowledge and information vector and partner.
The role can and should resume to an objective
provider of services and problem solver in the
context of a wider and clearer understanding
and not to direct or orient the future
development.
The analysis aiming to research the impact of
the advisory and the consultancy over the
choices of a project-based development in a
rural micro-region indicates a number of clear
findings. The capacity to capitalise the previous
learning points both from acquired knowledge
and experiences is compiled with an elevated
capacity of linking the resources and the
development vocation of the territory with clear
project intentions and with a high realism in
designing the immediate and medium-term
development priorities.
The observations and findings can only prove
the impact of the consultancy over the educated
choices of projects as result of efficient and
repeated interaction and cannot demonstrate the
opposite in absence of qualified and competent
assistance.

discussions, for their availability and
willingness to participate in the elaboration of
the present paper during all stages, from
preparation to analysis and conclusions.
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Abstract
Under current conditions, the water resource at planetary level has become increasingly expensive because of human
pressure. Therefore, maintaining drinking water quality is increasingly important. In this paper, the authors present the
influence of human activities on the River Somes (Romania). It has been studied mainly as water quality indices. Within
the Somes-Tisa basin, the authors identified 41 potentially polluting industrial sources in the following fields of activity:
mining (decantation ponds, mining dumps) and urban and industrial waste management. Thus, the authors analysed the
best pollution parameters such as pH, dissolved oxygen, biochemical oxygen consumption, ammonia, nitrates, nitrites,
total nitrogen, chromium, calcium, and magnesium. As a result of effected analyses, it can be observed a charge of
nitrites and chlorides, and the presence of pollution phenomenon is showed by the high values of nitrites and
biochemical oxygen consumption. Analyses were carried out over three years, 2014-2016. Quality classes increased
from 2014 to 2016 because pollution decreased due to the lack of connection of the households to the waste water
system in 2013-2014. Research analyses show that the water from the River Somes tends to maintain its quality;
however, surface waters tend to be polluted and they are slightly influenced by human activities.
Key words: anthropic activities, pH, oxygen regime, nutrients, water quality.

INTRODUCTION

water of Somes is not so polluted, but require
good measurements to protect it. Corodan et al.
(2016) shows that the basin Someș-Tisa gets an
negative anthropogenic pollution because of
agriculture, industry and human settlements.
That study was made using model MONERIS
(Modelling Nutrient Emissions in River
Systems) for estimating emissions coming from
diffuse and local pollution sources. That
research conclude that the industrial and
agricultural pollution sources contributes to the
discharge of pollutants specific to the type of
activities performed as follows: fertilizers,
nutrients from food industry, chemical industry,
organics, animal farms, pulp and paper, and
heavy metals by the extractive industry and
manufacturing, chemical and hazardous organic
micro pollutants.

Development of industrial activity, increasing
the intensification of water use in agriculture,
increasing the population and the degree of
civilization are asking for water requirements,
worldwide (Șmuleac et al., 2012; Pișota et al.,
2010).
Humanity has come to ask, whether we succeed
in increasing water resources, both levies for
different uses, and for use as an emissary for
discharges.
At this stage it has reached a finding that water
is intimately linked to the terrestrial ecological
system and to maintaining this system and the
very survival of humanity need conservation
and protection of hydrosphere, worldwide
(Ienciu et al., 2013, 2015; Marica et al., 2016).
Direct discharge of waste waters into rivers
could contribute to microbial and chemical
pollution and can have negative effects on the
quality of water (Ciobotaru, 2015; Sofrenie,
2000). Studies about sources of water pollution
(Chiorescu, 2013), especially in Somes Basin
(Corodan, 2016; Pompei, 2012) shows that the

MATERIALS AND METHODS
Data analysis was carried out at the research
platform of the Satu-Mare Romanian Water
Agency in the Somes-Tisa Basin, according to
Official Journal of Romania, Part I, No 161/
2006.
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The location of water sampling was established
about 20 km south-west from Satu-Mare
between the Commune of Lipau and the village
of Potau (Figure 1). Water was sampled on the
1st day of each month between 8 and 11 a.m.

Figure 2. Dissolved oxygen in Somes River

Figure 1. The point of water sampling
Figure 3. Biochemical consumption of oxygen

RESULTS AND DISCUSSIONS

Saturation of dissolved oxygen was 1st in 2014
and 2015. In 2014, saturation of dissolved
oxygen was 108.2% in January, 108.2% in
June, and 115.0% in September. In 2015, it
reached 97.0% in January, 103.1% in June, and
101.4% in September. In 2016, it reached 0%
in January, 87.0% in June and 67.2% in
September. Therefore, water quality was in
balance with water temperature for the period
2014-2015, while in 2016 water quality ranked
3rd.
Nutrients. Aquatic bodies need chemical
elements to grow and develop normally such as
ammonia (N-NH4+), nitrites (N-NO2-), nitrates
(N-NO3-), total nitrate (N) and total phosphorus
(P). In 23014, ammonia ranked water 2nd
quality, i.e. it was 0.71 mg/dmᶟ in January, 0.80
mg/dmᶟ in June and 0.61 mg/dmᶟ in September.
In 2015, ammonia reached 0.77 mg/dmᶾ in
January, making water 2nd quality, compared to
June, when it reached 0.027 mg/dmᶾ making
water 1st quality, just like in September, when it
reached 0.02 mg/dmᶾ.
In 2016, ammonia levels in January was higher
because of the rainfalls (Figure 4).
Nitrites (Figure 5) in January 2014 reached
0.065 mg/dmᶟ making water 3rd quality, in June
it reached 0.007 gm/dmᶟ, and in September, it
reached 0.012 making water 1st quality.

We determined general physical and chemical
indices such as dissolved oxygen, biochemical
oxygen consumption over 5 days (CBOΐ),
temperature and pH. We noted that, the cooler
the water, the higher dissolved oxygen
concentration. For 2014, temperature in
January was 6.5ͼC, dissolved oxygen reached
13.5 mg/l compared to June, when the highest
temperature was 23.2ͼC, and dissolved oxygen
reached only 9 mg/l.
Oxygen regime is shown in Figure 2.
Figure 2 below shows a decrease of oxygen
from 8.1 mg/l in 2014 to 7.1 in 2016. This
means that, in 2014 and 2015, water ranked 1st
in quality, while in 2016, it ranked 2nd.
Dissolved oxygen is the most important feature
of water quality: therefore, 1st quality water
means self-purge is normal, while 2nd quality
water asks for river monitoring.
Biochemical consumption of oxygen over 5
days (Figure 3) ranked 2nd in 2014 and 5th in
June-September of the same year. In January
2015, water quality ranked 3rd (12.7 mg/l), in
June it ranked 1st (1.1 mg/l), and in September
it ranked 2nd (4.9 mg/l). In 2016, water quality
ranked 1st (3 mg/l). Due to water quality, fish
farming activities play a role in establishing
and monitoring of possible pollution sources.
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0.29 mg/dmᶟ, and in September, they reached
0.36 mg/dmᶟ.

Figure 4. Ammonium content

In 2015, it reached in January 0.018 mg/dmᶟ, in
June 0.003 and in September, 0.03 mg/dmᶟ.
Therefore, in January and June, water ranked
2nd in quality. In 2016, water samples were the
same as in 2015, i.e. 0.012 mg/dmᶟ in January,
0.027 in June, and 0.045 in September, making
water quality 1st quality in the first two months
and 2nd quality in the third sampling month.

Figure 6. Total nitrogen

Figure 7. Nitrates content in Somes River

Water electric conductivity is that water feature
that conducts electrical current: the higher the
conductivity, the higher the quality. In 2014,
water conductivity increased during the hot
season up to 575 µS/cm compared to January,
when it was 470 µS/cm and September, when it
was 540 µS/cm. In 2015, conductivity
increased from 550 µS/cm to 980 µS/cm in
2016.
Chromium reached values below 50 µ/dmᶟ,
which ranks water 1st quality. We need to
monitor the parameters, which allow water to
be used in fish farming.
As for chlorine salts, in 2014 their
concentration increased with 36 mg/dmᶟ until
2016, when they reached 110.4 mg/dmᶟ,
ranking water 2nd quality in 2016 and 1st quality
in 2014.
Maximum sulphate amounts for 1st quality
water are 60 mg/dmᶟ; since no water sample
had values above 40 mg/dmᶟ, water ranks 1st
quality.
Calcium concentrations increased from 2014
with 40 mg/dmᶟ, making water 1st quality
because this value was below 50 mg/dmᶟ; in
2016, they reached 64 mg/dmᶟ making water

Figure 5. Nitrites in Somes River

Total nitrogen (Figure 6), in all three years,
ranked water 1st quality. In 2014, total nitrogen
reached 1.8 mg/dmᶟ in January, 1.01 mg/dmᶟ in
June, and 1.17 mg/dmᶟ in September. In 2015,
it reached 2 mg/dmᶟ in January, 4.8 mg/dmᶟ in
June and 4 mg/dmᶟ in September. In 2016, it
reached 2 mg/dmᶟ in January, 2 mg/dmᶟ in June
and 2 mg/dmᶟ in September.
Figure 6 below shows total nitrogen. Total
nitrogen had normal concentrations, which
makes it 1st quality water.
Nitrates (Figure 7) made water 1st quality in all
three years, reaching values below 1 mg/dmᶟ or
slightly above. In January 2014, nitrates
reached 0.25 mg/dmᶟ, in June they reached 0.29
mg/dmᶟ and in September 0.36 mg/dmᶟ. In
January 2015, they reached 1.13 mg/dmᶟ, in
June they reached 0.29 mg/dmᶟ and in
September 0.42 mg/dmᶟ. In January 2016, they
reached 0.95 mg/dmᶟ, in June, they reached
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2nd quality. We need to monitor this perimeter
on a constant basis.
As for magnesium, its concentration decreased
from 2014 to 2016: in 2014, it was 15 mg/dmᶟ
making water 2nd quality, compare to 2016,
when it was 6 mg/dmᶟ making water 1st quality.
We need to monitor the perimeter.
Copper concentration was below 20 μg/dmᶟ in
all three years, making water 1st quality. Zinc
had maximum concentration for 1st quality
water (100 μg/dmᶟ) and it kept constant.
Arsenic had concentrations below 10 μg/dmᶟ
making water 1st quality.

CONCLUSIONS
To determine water quality, we analysed water
samples from three different years (2014, 2015
and 2016) from January, June and September.
As a conclusion, because of human activities,
river water quality is decreasing in dissolved
oxygen, biochemical consumption of oxygen
over five days, oxygen saturation, nitrite and
chlorine salt content, parameters that need
constant monitoring. Quality classes increased
from 2014 to 2016 because pollution decreased
because of the lack of connection of the
households to the waste water system in 20132014.
Nitrates are present in minimum concentrations
and rank water quality 1st: therefore, water is fit
for fish farming and as drinking water.
Therefore, total nitrogen ranks water as 1st
quality water, which means that it has
substances and chemical elements favourable to
body development.
As a conclusion, most studied parameters make
water 1st quality; the river is self-cleaning and
self-maintaining, with balanced concentrations
of dissolved oxygen and water temperature.
Toxic specific natural pollutants such as total
chromium, copper, zinc, arsenic, barium,
selenium, cobalt, cadmium, and mercury range
are in 1st quality water. However, we need to
continuously monitor the parameters.

Figure 8. Specific toxic pollutants in Somes River

Barium made water 1st quality because its
concentration was below 0.05 μg/dmᶟ.
Maximum concentration of selenium in 1st
quality water is 1 μg/dmᶟ, and this was the case
in our water samples. Cobalt ranks water 1st
class because its concentration was below 10
μg/dmᶟ. Lead concentration for 1st quality water
is 5 μg/dmᶟ; in January 2014, lead
concentration was 1.9 μg/dmᶟ and in June and
September, it was below 1 μg/dmᶟ; in 2015 lead
concentration were 1.0 μg/dmᶟ in January, 1.5
μg/dmᶟ in June and 1.8 μg/dmᶟ in September.
Cadmium ranked water 1st quality because it
was below 0.5 μg/dmᶟ in either year. Mercury
concentrations were below 0.1 μg/dmᶟ making
water 1st quality. The same in nickel
concentrations,
in
which
maximum
st
concentration for 1 quality water is 10 μg/dmᶟ,
as it was the case of our samples. Therefore, the
River Somes is fit for the growth and
development of aquatic bodies due to its
concentration in chemical elements. However,
these parameters need to be permanently
monitored.
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Abstract
Bee pollen and propolis represent the bee products with the highest concentration of phenolic substances. These
products contains a variety of chemical compounds but phenolic compounds are considered the main bioactive
constituents. The chemical composition in both cases varies with botanical sources available to bees and extraction
conditions. Despite chemical diversity, most of the samples share a similar phenolic profile. Only a part of phenolic
constituents like ﬂavonoid glycosides and pigments have been demonstrated the use as markers to discriminate bee
pollen or propolis from different botanical origins.This paper highlights the main factors that contributes to chemical
diversity of polyphenols from bee pollen and propolis.
Key words: bee pollen, propolis, phenolic compounds.

INTRODUCTION

compounds is 1.6% (Vassev et al., 2015) and
minimum of total phenolic content is 21% for
European propolis (Popova et al., 2007;
Bankova, 2008). Based on chemical structure,
phenolic compounds can be group into:
phenols, phenolic acids, coumarins and
isocoumarins, xanthones, naphtoquinones,
stilbens, anthraquinones, flavonoids and lignins
(Wollgast et al., 2000). Phenolic compounds
are considered as secondary metabolites of
plants with an extensive number of flavonoids
and phenolic acids (Ulusoy, 2014), the
bioactive constituents of bee pollen and
propolis (Stojko et al., 2015; Bankova et al.,
2000). The most important polyphenolic class
is represented by flavonoids, with more than
5000 compounds. From chemical point of view,
flavonoids are a group of benzo-γ-pyrone
derivatives classified as chalcones, flavan-3ols, flavanones, flavones, flavonols, isoflavones
and bioflavonoids (Kim et al., 2004).
The botanical sources and geographic origin of
bee pollen and propolis are the major
determinants of the diversity of phenolic
substances (Ulusoy, 2014; Bankova et al.,

Bee pollen and propolis are popular natural
products which have gained the reputation as
important functional foods. Like other bee
products, bee pollen and propolis are
considered as pleiomorphic substances with
multiple biochemical effects (Munstedt and
Bogdanov, 2009) due to more than 300
compounds (Martos et al., 2008) and 250
compounds in propolis, respectively bee pollen
composition. The main chemical components
of bee pollen are proteins, amino acids,
carbohydrates, lipids and fatty acids, phenolic
compounds, enzymes, coenzymes, vitamins
and bio-elements (Vassev et al., 2015). Propolis
contains of variety of chemical compounds,
generally being represented by 50% resin and
vegetable balsam, 30% wax, 10% essential oil
and aromatics, 5% pollen and 5% other
substances (Sforcin, 2007; Coneac et al., 2008).
Among these chemical compounds, phenolic
substances are common chemical components
found in high concentration. In general, the
average content of bee pollen phenolic
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2013). Enzymatic hydrolysis of flavonoid
glycosides occurs in vivo by hydrolytic
enzymes α- and β-glucosidases from bee saliva
to free aglycone (Sameer et al., 2014; Yen et
al., 2011) Most commonly flavonoids forms
occur in bee pollen and propolis are flavonoid
glycosides and free aglycones.
Bonvehi, 2001, confirmed that the major
classes of phenols in honeybee collected pollen
are flavonol glycosides.
The same class of constituents being
determined in propolis (Marcucci, 1995). Some
flavonoids from bee pollen, quercetin and
kaemferol are derivatives of flavonol
glycosides and can be considered as markers
for pollen quality (Sameer et al., 2014).
Substantial developments in research focused
on extraction of bioactive compounds from bee
pollen and propolis have proved that polar
solvents are more effective in the extraction of
bioactive compounds.
The research findings of other authors reveal
that flavonoid glycosides and free aglycones
are richer in ethanolic extracts comparative
with aqueous extracts (Yen Tin Kao et al.,
2011) but a maximum concentration of bee
pollen flavonoids and terpenoids was obtained
when using water as solvent followed by
ethanol and methanol (Kaur et al., 2013).
The results obtained by Chunli S. noted that the
extraction yields of propolis are tended to
elevate with increasing of the ethanol concentration (Chunli et al., 2015), specifically,
phenolic compounds such as methyl gallate,
rutin and myricetin were more abundant in the
ethanol extract. Moreover, rutin amount was
found to be direct proportionally with ethanol
concentration (Yen Tin Kao et al., 2011). The
using of various concentrations of ethanol as
solvent allowed extraction of the highest
amounts of different flavonoids: 80% ethanol
extracted especiallly kaempferide, acacetin and
isorhamnetin, while 60% ethanol and 70%
ethanol extracted isosakuranetin, quercetin and
kaempferol, respectively pinocembrin and
sakuranetin (Gómez-Caravaca et al., 2006).
Less polar flavonoids (isoflavones, flavanones,
methylated flavones, flavonols) are extracted
with nonpolar solvents, instead flavonoid
glycosides and polar aglycones are extracted
using alcohols or alcohol-water mixtures,
presented in Table 1. The water-solvent

2000). Beside those, there are several other
important factors influences phenolic content in
propolis, such as, age of bees, conditions of the
beehives, strength of the colony and method
used to collect the sample (Can et al., 2015).
Previous studies found that bee pollen and
propolis present a heterogenous phenolic
content (Carpes et al., 2009; Miguel and
Antunes, 2011). Nowadays, various techniques
such as maceration with different solvents,
ultrasound-assisted and supercritical fluid
extraction are the most used methods for
extraction of bioactive constituents from bee
pollen and propolis (Miha et al., 2013).
Significant amounts of bee pollen polyphenols
were obtained by enzymatic extraction with
pepsin (Stojko et al., 2010). In case of propolis,
have been developed other methods with good
yield extraction like: microwave and Soxhlet
extraction (Margeretha et al., 2012; Trusheva et
al., 2007). Also, the commonly used solvents
for phenolic compounds extraction from bee
pollen and propolis are methanol, ethanol,
water (Damir et al., 2014).
Since ancient times, both bee products
demonstrated to possess many health benefits:
anti-inflammatory, antimicrobial, antioxidant,
antitumor,
immunemodulatory,
hepatoprotective and wound healing. All these
biological activities of bee pollen and propolis
are related with their high polyphenol contents
(Gabriele et al., 2015).
Chemical diversity of phenolic compounds
All hive products are rich sources of
phytochemicals, but propolis and bee pollen are
considered the main bee products with the
highest amounts of phenolic compounds.
Various techniques for extraction, separation,
identification and quantification of phenolic
compounds have been developed over time to
capitalize and characterized these biologically
active constituents from bee pollen and
propolis. Extraction procedures applied for
phenolic compounds in both cases do not
present significant differences. The only
differences arise from bee pollen composition
rich in polar compounds (sugars) which
requires chemical or enzymatic hydrolysis to
remove glucose molecules. (Ferreres et al.,
1994; Barberán et al., 2013; Carpes et al.,
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mixtures such ethanol-water and methanolwater in various proportions are suitable
solvents for the extraction of polar phenolic
acids (cinnamic acids, benzoic etc.) (Mojzer et
al., 2016).
Propolis extracts obtained by extraction with
aqueous ethanol contain higher concentrations
of phenolic substances than extracts obtained
by extraction with absolute ethanol (R.G.
Woisky et al., 1998).

Additional, water propolis extract has also
demonstrated a substantially lower capacity to
extract phenols, flavones, flavonols, flavanones
and dihydroflavonols compared with methanol
(Miguel et al., 2014). Despite the methanol
ability to extract polar compounds, the use of
methanol extracts in pharmaceutical industry
can raise problems due to its toxicity and most
frequently is replaced with water or ethanol
extraction (Delfanian et al., 2015).

Tabel 1. The main phenolic compounds from various geographic origin identified
by used of different extraction solvents
Bee product

Botanic origin

Geographic
origin

-

Egypt

Polyfloral

Algeria

Castanea sp.

Italia

Almond (Prunus
amygdalus)

Spain

Cistus sp.

Spain

Echium sp.

Spain

Chrysanthemum sp.

Spain

Brassica
napus/Trifolium
repens/ Carum
carvi L.

Lithuania

Bee pollen

Brassica
juncea

Polyfloral

Cecropia
Eucalyptus
Elaeis
Mimosa pudica

India

Turkey
(Anzer)

Bahia,
northeastern
Brazil
Bahia,
northeastern
Brazil
Bahia,
northeastern
Brazil
Bahia,
northeastern
Brazil

Identified analytes
Hydroxycinnamic Acid (3,4Dimethoxycinnamic)
Hydroxybenzoic acid (Gallic),
Hydroxycinnamic acid (Caffeic)
Hydroxybenzoic acid (Gallic, 4hydroxybenzoic, Hydroxycinnamic
acids (caffeic, p–coumaric)
Flavonols (8-Methoxykaempferol 3glycoside, kaempferol 3-diglucosides.
quercetin)
Flavonols (Quercetin 3-glycoside,
quercetin 3-glucoside, kaempferol,
myricetin 3-glycosides, isorhamnetin 3glycoside, isorhamnetin 3-glucoside).
Flavonol (Kaempferol 3-glycoside).
Flavonols (Kaempferol 3glycoside, quercetin 3-glycoside,
myricetin 3-glycoside, isorhamnetin 3glycoside, isorhamnetin 3-glucoside)
Flavone (apigenin 7-glycoside).
Flavonols (quercetin 3-O-sophoroside,
5,7-dihydroxy-2-(4-hydroxy-3methoxyphenyl)-4-oxo-4H-chromen-3-yl
6-O-β-d-glucopyranosyl-β-dglucopyranoside, quercetin dihexoside,
isorhamnetin 3-glucoside), dicarboxylic
acid (azelaic acid)
Flavone (chrysin), Flavonols
(kaempferol, rutin, quercetin).
Hydroxybenzoic acids (p-OH benzoic,
benzoic acid, gallic, protocatechuic
acid, syringic, vanillic acids),
Hydroxycinnamic acids (trans-cinnamic
acid, p-coumaric acid, chlorogenic,
ferulic acid, caffeic acid, o-coumaric
acid), Flavonols (rutin, quercetin)
Flavan-3-ols (epicatechin, catechin)
Flavonols (Isoquercetin, isorhamnetin,
quercetin, kaempferol, myricetin)
Flavone (Tricetin)

Extraction
solvent
Methanol
Methanol

References
Mohdaly A.A.A. and
colab., 2015
Rebiai A. and colab.,
2014

Ethanol 95%

Gabriele M. and colab.,
2015

Methanol

Barberán T.F. and colab.,
1988

Methanol

Barberán T.F. and colab.,
1988

Methanol

Barberán T.F. and colab.,
1988

Methanol

Barberán T.F. and colab.,
1988

Methanol

Čeksterytė V. and colab.,
2016

Mixture: ethyl
acetate,
diammonium
sulfate, metaphosphoric
acid, methanol

Sameer S.K. and colab.,
2014

Methanol

Ulusoy E., Kolayli S.,
2014

Ethanol

Freire K.R.L. and colab.,
2012

Flavonols (Isoquercetin, myricetin,
kaempferol, isorhamnetin, quercetin)

Ethanol

Freire K.R.L. and colab.,
2012

Flavonols (Isoquercetin, quercetin,
isorhamnetin)

Ethanol

Freire K.R.L. and colab.,
2012

Flavonols (Isoquercetin, isorhamnetin,
quercetin, kaempferol, myricetin)
Flavone (Tricetin)

Ethanol
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Freire K.R.L. and colab.,
2012

Bee product

Botanic origin

Geographic
origin

Identified analytes

Extraction
solvent

References

Scoparia

Bahia,
northeastern
Brazil

Flavonol (myricetin)

Ethanol

Freire K.R.L. and colab.,
2012

Camelia sinensis

Taiwan

Cold water

Yen T. K. and colab.,
2011

Camelia sinensis

Taiwan

Hot water

Yen T. K. and colab.,
2011

Camelia sinensis

Taiwan

Ethanol 50%

Yen T. K. and colab.,
2011

Camelia sinensis

Taiwan

Ethanol 95%

Yen T. K. and colab.,
2011

Phoenix dactylifera L.

Tunisia
(Tozeur)

Ethyl acetate

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Tozeur)

Acetone

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Tozeur)

Ethanol

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Tozeur)

Water

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Kerkennah)

Ethyl acetate

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Kerkennah)

Acetone

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Kerkennah)

Ethanol

Daoud, A. and colab.,
2015

Phoenix dactylifera L.

Tunisia
(Kerkennah)

Water

Daoud, A. and colab.,
2015

Hot ethanol
70%

Carpes S.T. and colab.,
2013

Heterofloral
(dominant
Brassicaceae)
Heterofloral
(dominant Myrtaceae
eucalyptus)
Crataegus pinnatifida

southern
Brazil

Hydroxycinnamic acids (Caffeic acid,
chlorogenic acid, p-coumaric acid,
ferulic acid).
Flavan-3-ol (Catechin),
Hydroxybenzoic acid (Gallic acid),
Hydroxycinnamic acids (chlorogenic
acid, caffeic acid, p-coumaric acid,
ferulic acid).
Flavan-3-ol (Catechin),
Hydroxybenzoic acid (Gallic acid),
Methyl ester of gallic acid (methyl
gallate), Hydroxycinnamic acids
(chlorogenic acid, caffeic acid, pcoumaric acid, ferulic acid), Flavonol
(myricetin, rutin).
Flavan-3-ol (Catechin),
Hydroxybenzoic acid (Gallic acid),
Methyl ester of gallic acid (methyl
gallate) Hydroxycinnamic acids
(chlorogenic acid, caffeic acid, pcoumaric acid, ferulic acid Flavonols
(myricetin, rutin).
Hydroxycinnamic acids (caffeic,
coumaric) Hydroxybenzoic acids
(gallic, vanilic acid), Flavonols
(quercetin, rutin), Flavan-3-ol (catechin,
epicatechin)
Hydroxycinnamic acids (caffeic,
coumaric) Hydroxybenzoic acids
(gallic, vanilic acid), Flavan-3-ol
(epicatechin)
Hydroxybenzoic acids (gallic, vanilic
acid) Hydroxycinnamic acids (caffeic
acid coumaric), Flavonols (quercetin,
rutin, Flavan-3-ols (catechin,
epicatechin)
Hydroxybenzoic acids (gallic, vanilic
acid) Hydroxycinnamic acids (caffeic
acid coumaric), Flavonols (quercetin,
rutin), Flavan-3-ols (catechin,
epicatechin)
Hydroxybenzoic acids (gallic, vanilic
acid) Hydroxycinnamic acids (caffeic
acid coumaric), Flavonols (quercetin,
rutin, Flavan-3-ols (catechin,
epicatechin)
Hydroxybenzoic acid (gallic),
Hydroxycinnamic acids (caffeic acid,
coumaric), Flavonols (quercetin, rutin),
Flavan-3-ols (epicatechin)
Hydroxybenzoic acid (gallic),
Hydroxycinnamic acid (caffeic acid),
Flavonols (rutin), Flavan-3-ols
(epicatechin, catechin)
Hydroxybenzoic acids (gallic, vanilic
acid) Hydroxycinnamic acids (caffeic
acid coumaric), Flavonols (quercetin,
rutin), Flavan-3-ols (epicatechin)
Hydroxybenzoic acids (Benzoic acid,
methyl ester), Flavonols (myricetin,
rutin).

southern
Brazil

Hydroxybenzoic acids (Benzoic acid,
methyl ester), Flavonol (rutin).

Hot ethanol
70%

Carpes S.T. and colab.,
2013

China (Jilin)

Hydroxybenzoic acids (Gallic acid,
protocatechuic acid, vanillic acid),
Hydroxycinnamic acid (p-Coumaric
acid), flavonols (Quercetin, kaempferol,
galangin) flavanones (Hesperetin)

Hot water

Cheng N. and colab.,
2013
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Geographic
origin

Identified analytes

Extraction
solvent

Zea mays L.

Various
regions

Flavonols (quercetin-3,7-O-glucoside,
quercetin-3,7,3’-O-diglucoside,
quercetin-3,3’-O-diglycoside),
quercetin-3-O-glucoside-3’-Odiglucoside, isorhamnetin-3-Oglycosides, quercetin-3-O-dyglycoside,
quercetin-3-O-glucoside)

Ethanol-water
50%

Poplar
propolis

Populus spp.
(especcilaly P. nigra)

continental
Europe, North
America,
West Asia,
New Zealand

Flavanons (pinocembrin, pinostrobin),
flavonols (galangin, pinobanksin, rutin),
flavons (chrysin), aromatic acids and
their esters (ferulic acid, p-coumaric
acid, isoferulic acid, cinnamic acid,
caffeic acid)

Mediterranean
propolis

Ferula spp. (most
often F. communis)
Cupressaseae family
(ex. Cupressus
sempervirens)

Croatia,
Sicilia,
Greece,
Malta,
Algeria and
Cyprus

Bee product

Birch
propolis

Botanic origin

Betula verrucosa

Green
propolis

Baccharis spp.,
(predominantly B.
dracunculifolia)

Red
propolis

Dalbergia
ecastaphyllum

Red
propolis

Clusia spp

Diterpenes, sesquiterpene esters of
benzoic acids, aliphatic hydroxyacids,
aromatic and fatty acids, triterpenes,
anthraquinones

Northern
Russia,
Azerbaijan

Flavones (acacetin, apigenin), flavonols
(ermanin, rhamnocitrin, fisetin,
quercetin, kaempferol, isorhamnetin,
rutin), hydroxybenzoic acids (p-OH
Benzoic acid, Protocatechuic, Vanillic
acid, Gallic acid), hydroxycinnamic
acids (Caffeic acid, Ferulic acid, pCoumaric acid, chlorogenic acid),
Flavan-3-ol (catechin) phenolic
glycerides (dicoumaroyl acetyl glycerol,
diferuloyl acetyl glycerol, feruloyl
coumaroyl acetyl glycerol, caffeoyl
coumaroyl acetyl glycerol)

Brasil

Phenylpropanoids, prenylated
phenylpropanoids (e.g., artepillin C),
and sesqui- and diterpenoids, lignans,
benzofurans, benzopirans

Brasil

Brasil

Chalcones, pterocarpans and other
isoflavonoids

Ethanol

Ethanol

Popova and colab., 2011;
Miguel and Antunes,
2011
Righi and colab., 2013

Chloroform,
methanol

Bankova and colab.,
2000, Rusak, 2008
Miguel and Antunes,
2011
Righi and colab., 2013

Ethanol

Clusia spp

Venezuela,
Cuba

Isoflavons, isoflavans, isoprenylated
flavonoids and benzophenones

“Pacific”
propolis

Macaranga
tanarius

Okinawa,
Taiwan,
Indonesia

Prenylflavanones (propolins)

Ethanol,
chloroform

“Canarian”
propolis

unknown

Canary
Islands

Furofuran lignans, carbohydrates

Ethanol

Ambrosia deltoidea
Encelia farinose

Australia and
equatorial
regions in
South
America
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Bankova and colab.,
2000, Bankova and
colab., 2008, Fokt and
colab., 2010; Mohdaly
A.A.A. and colab., 2015

Ethanol

polyprenylated benzophenones

Prenylated stilbenes

Campos M.G. and colab.,
2015

Popravko, 1978,
Bankova V and colab.,
2002, Can Z. and colab.,
2015

Red
propolis

Stilbene
propolis

References

Ethyl acetate

Fokt and colab., 2010
Miguel and Antunes,
2011
Righi and colab., 2013,
Nunes and colab., 2013
Miguel and Antunes,
2011
Righi and colab., 2013
Bankova and colab.,
2000, Bankova, 2005
Rusak, 2008, Fokt and
colab., 2010, Miguel and
Antunes,2011, Cardinault
and colab., 2012
Bankova and colab.
2000, Bankova and
colab., 2008, Trusheva,
2011, Miguel and
Antunes,2011
Bankova and colab.,
2000, Bankova and
colab., 2008, Miguel and
Antunes, 2011,
Pujirahaiu and colab.,
2014
Bankova and colab.,
2000
Fokt and colab., 2010,
Miguel and
Antunes,2011
Abu-Mellal and
colab.,2012
Righi and colab., 2013

The phenolic compounds present in propolis
and bee pollen were extracted and analyzed
from complex matrices by various analytical
methods.
Several analytical methods have been developed for separation and identification of phenolic compounds from bee pollen and propolis.
Liquid
chromatography
tandem
mass
spectroscopy (LC-MS), sometimes coupled
with electrospray ionization detection (ESI), or
light-scattering detection (LSD) and gas
chromatography (GC) coupled with mass
spectroscopy (GC-MS) are usually applied for

identification of flavonoids like specific
possible markers from a plant source (Oman et
al., 2013; Ciulu et al., 2016). The most used
HPLC detection system for measuring the
phenolic profile of bee pollen or propolis are:
UV-VIS detector (Can et al., 2015), PDA
(photodiode array) detector (Sameer et al.,
2014) and MS (mass spectrometry) detector.
The analytical conditions employed should be
suitable for the diverse group of phenolics due
to different chemical structures and the variate
sensitivity of the compounds to pre-treatment
(Häkkinen, 1998) describe in Table 2.

Table 2. Different conditions for identification of the common phenolic compounds from bee pollen and propolis
Bee product
/type

Pollen

Geographic
origin/type

Phenolic
compound

Min.

North and
south Algeria

0.321

Crataegus
pinnatifida

0.0112

Camellia
sinensis
(Taiwan)

Gallic acid
(mg/g)

0.69

Max.
0.406

2.55

Polyfloral

5,9 mg/mL

Polish

3.90
Caffeic acid
(mg/g)

Propolis

Procedure/conditions
RP-HPLC with linear gradient elution mode, mobile
phase: mixture CH3- COOH 0,1% - ACN, volume of
injection: 20 μL, effluent detected at 300 nm.
HPLC-DAD with linear gradient elution, C-18 column,
mobile phase: methanol- 2% aqueous acetic acid,
volume of injection: 10 μL, effluent detected at 360 nm.
HPLC-DAD with linear gradient elution, RP column,
mobile phase: methanol- trifluoroacetic acid, volume of
injection: 10 μL, effluent detected at 280 nm.
HPLC using Lichrosorb RP18 Lichrocart and
Lichrocart RP 18 pre-column, gradient elution, watermethanol, flow rate 50 μL/min., effluent detected at 280
nm
HPLC-DAD, reverse phase Cadenza 5CD-C18 column,
mobile phase: formic acid in water-acetonitrile,
gradient elution, the injection volume was 20 μL,
detection at 290 nm, 325 nm, and 370 nm.
HPLC equipped with a UV-visible detector, RP-18
column, mobile phase: formic acid 5% in watermethanol, isocratic-0 to 10 min-run, followed by a
gradient up to 100% B at 70 min, detection at 290 nm,
the injection volume was 10μL
HPLC on a C-18 reverse phase column, using a UV
detector, Elution with water/formic acid and
acetonitrile, Gradient elution at 35 min, and then the
system became isocratic, detection at 340 and 290 nm
HPLC with PDA and MS detection, C18 column,
mobile phase: 0.1%
formic acid in water-0.1% formic acid in acetonitrile,
the injection volume was 10μL
HPLC-DAD, reverse phase C18 column, mobile phase:
2% acetic acid in water-70:30 acetonitrile/water
mixtures, gradient elution, injection volume was 25
mL, detection at 280 and 315 nm.

References
Rebiai A. and
colab., 2014
Cheng N. and
colab., 2013
Yen T.K. and
colab., 2011
Mohdaly A.A.A.
and colab., 2015
Szliszka E. and
colab., 2013

Barrientos L.
and colab., 2013

Chilean

12.3

Egyptian

0.13

10.16

Korean

1.0

8.7

Azerbaijan

0.03

5.32

Polish

22.01

HPLC-DAD, reverse phase Cadenza 5CD-C18 column,
mobile phase: formic acid in water-acetonitrile,
gradient elution, the injection volume was 20 μL,
detection at 290 nm, 325 nm, and 370 nm.

Szliszka E. and
colab., 2013

0.30

0.56

HPLC on a C-18 reverse phase column, using a UV
detector, Elution with water/formic acid and
acetonitrile, Gradient elution at 35 min, and then the
system became isocratic, detection at 340 and 290 nm

Abd El-Hady
F.K. and colab.,
2007

Korean

0.50

1.9

Azerbaijan

0.005

3.675

Egyptian
Ferulic acid
(mg/g)

HPLC-PDA and MS detection, C18 column, mobile
phase: 0.1%
formic acid in water-0.1% formic acid in acetonitrile,
the injection volume was 10μL
HPLC-DAD, reverse phase C18 column, mobile phase:
2% acetic acid in water-70:30 acetonitrile/water
mixtures, gradient elution, injection volume was 25
mL, detection at 280 and 315 nm.
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Abd El-Hady
F.K. and colab.,
2007
Choi S.J. and
colab., 2013
Can Z. and
colab., 2015

Choi S.J. and
colab., 2013
Can Z. and
colab., 2015

Bee product
/type

Geographic
origin/type

Phenolic
compound

Min.

Max.

Polish

0.47

Egyptian

0.63

5.0

Korean

4.9

26.3

Chinese

2.785

Egyptian

0.47

2.0

0.7

2.5

Korean

Azerbaijan

Galangin
(mg/g)

Kaempferol
(mg/g)

0.124

2.159

Procedure/conditions
HPLC-DAD, reverse phase Cadenza 5CD-C18 column,
mobile phase: formic acid in water-acetonitrile,
gradient elution, the injection volume was 20 μL,
detection at 290 nm, 325 nm, and 370 nm.
HPLC on a C-18 reverse phase column, using a UV
detector, Elution with water/formic acid and
acetonitrile, Gradient elution at 35 min, and then the
system became isocratic, detection at 340 and 290 nm
HPLC-PDA and MS detection, C18 column, mobile
phase: 0.1% formic acid in water-0.1% formic acid in
acetonitrile, the injection volume was 10μL
LC-DAD system, EclipseXDB-C18 column, mobile
phase: mixture of phosphate buffered saline (pH=4.5)
in water and methanol, isocratic mode, detection at 260
nm.
HPLC on a C-18 reverse phase column, using a UV
detector, Elution with water/formic acid and
acetonitrile, Gradient elution at 35 min, and then the
system became isocratic, detection at 340 and 290 nm
HPLC-PDA and MS detection, C18 column, mobile
phase: 0.1%
formic acid in water-0.1% formic acid in acetonitrile,
the injection volume was 10μL
HPLC-DAD, reverse phase C18 column, mobile phase:
2% acetic acid in water-70:30 acetonitrile/water
mixtures, gradient elution, injection volume was 25
mL, detection at 280 and 315 nm.

For example, the use of hydrophobic resin,
Amberlite XAD2 for bee pollen sample
purification determined a decrease in the
content of phenolic compounds (Carpes et al.,
2013). The presence of glycosidic flavonoids in
bee pollen was reported in many studies
(Ferreres et al., 1994; Ulusoy, 2014; Sameer et
al., 2014) and the most frequent compound
found is identified as quercetin-3-sophoroside
by various methods regardless of the pollen
type. Capillary electrophoresis coupled with
electrospray ionization time-of-flight-mass
spectrometry (CE–ESI–TOF–MS) showed the
presence of quercetin-3-sophoroside in
Ranunculus petiolaris bee pollen extract
including
acetin-glucoside,
7-Omethylherbacetin-3-sophoroside,
galloylglucose,
apigenin-6,8-di-C-glycoside,
quercetin-3-rutinoside,
genistein-7-O-β-Dglucoside, luteolin-7-O-glucoside, apigenin-7O-glucoside
and
2′,4′,6′-trihydroxy-3′formyldihydrochalcone (Arráez-Román et al.,
2007). HPLC-PDA combined with UHR-QTOF
mass spectrometer used to analyze methanolic
extracts of Lithuanian pollen also confirms that
quercetin 3-o-sophoroside is a glycosidic
flavonoid as well as other compounds like
quercetin dihexoside and isorhamnetin
3-glucoside (Čeksterytė et al., 2016). Study
carried out by Freire (2012), showed that bee
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Choi S.J. and
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pollen from Brazil contained mainly
isoquercetin, quercetin and isorhamnetin. These
flavonoids appeared in more than 90% of the
sample and may be not considered a marker to
plant species (Freire et al., 2012).
The chemical diversity of propolis depends
mainly by geographic and plant origin
(Bankova et al., 2000). The differences between propolis of temperate and tropical regions
are determined by vegetal source: in temperate
zones the main visited plant species are poplar
trees, while in tropical zones the dominant
propolis source is Baccharis dracunculifolia. In
other geographical regions, such as in Australia
and equatorial regions in South America,
propolis have botanical origin in Ambrosia
deltoidea and Encelia farinose, whereas the
major sources for propolis from Venezuela are
represented by Clusia minor and Clusia major.
Based on plant origin it were estabilished the
main chemical types of propolis: Poplar
propolis from Europe, North America, and the
non-tropical regions of Asia, Birch propolis
from Russia, Mediterranean propolis from
Croatia, Sicilia, Greece, Malta, Algeria and
Cyprus (Popova et al., 2011), Green Propolis
from Brazilia, Red propolis from Cuba and
Venezuela, “Pacific” propolis from Okinawa
and Taiwan and “Canarian” propolis from
Canarian Islands (Bankova, 2005).
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In the case of propolis, also the chemical
pattern is directly related to the species of bee.
Over 30 compounds were identified by ESIMS/MS in green and brown Brazilian propolis
and the results showed that ESI (-) -MS
fingerprints of the extracts vary in relation with
bee species (Marcucci et al., 2008).
More recent, six samples of propolis (green,
red, brown Brazilian and Cuban yellow
propolis) were analysed by UPLC-ESI (-)

MS/MS to identify some ions observed by ESI
(-)-MS fingerprints.
The author mentioned that yellow propolis
from Cuba was abundant in triterpenoids and
had a small proportion of phenolics and
flavonoids comparing with green and red
propolis (Machado et al., 2016).
Novel, advanced and traditional methods used
for phenolic profile characterization are
presented in (Figure 1).

SFE
extraction

UAE
SPE
extraction

Cold
Isolation extraction
from matrix
Soxhlet
extraction

Microwave
extraction
Analytical separation
Capillary
electrophoresis

GS-MS

Identification and
quantification

Chromatographic
methods

HPLC-MS

Figure 1. General extraction procedures and analytical methods for separation, identification
and quantification of phenolic compounds from bee pollen and propolis

Due to chemical diversity of phenolic compounds, flavonoid profile could be used as
chemical marker to evaluate botanical origin,
quality of product and nutritional and
biological properties (Sameer et al., 2014;
Ulusoy, 2014).
Phenolic compounds are responsible also for
colour variations in bee pollen and propolis due
to presents of two classes of pigments such as
flavonoids and/or carotenoids (Owayss et al.,
2004). In agreement with the distribution and
abundance, the most important pigments in
both bee products were anthocyanins,
carotenoids and xantophylls (Webby and Bloor,
2000; Montenegro et al., 1997; Naranjo et al.,
2004; Owayss et al., 2004).

The flavonoids present in pollen are sometimes
characteristic of botanical and geographical
origin (Soler et al., 1994) but only in few cases
were identified a species-specific compound,
such as 8-Methoxykaempferol 3-Sophoroside
in almond pollen (Prunus amygdalus,
Rosaceae). (Ferreres F. and colab., 1989)
Although some ﬂavonoid glycosides quercetin3-O-β-D-glucosyl-(2→l)-b-glucoside,
kaempferol-3,4'-di-O-β-D-glucoside
and
kaempferol-3-O-β-D-glucosyl-(2→l)-β-Dglucoside have been demonstrated the use as
markers to discriminate pollen from different
floral origins (Zhou et al., 2015).
On the other hand, some flavones like chrysin
and tectochrysin are considered characteristic
compounds of propolis and beeswax (Soler C.
et al., 1994).
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Brazil, Characterization of polyphenols of bee
pollen. CyTA - Journal of Food, 11, 2, p. 150-161.
Carpes S.T., Begnini R., Alencar M.S., Masson M.L.,
2007. Study of preparations of bee pollen extracts,
antioxidant and antibacterial activity, Ciênc.
agrotec., 31, 6, p. 1818-1825.
Carpes T.S., Mourão B.G.S.M., Masson M.L., 2009.
Chemical composition and free radical scavenging
activity of Apis mellifera bee pollen from Southern
Brazil. Braz. J. Food Technol., 12, 3, p. 220-229.
Čeksterytė V., Kurtinaitienė B., Venskutonis P.R.,
Pukalskas A., Kazernavičiūtė R., Balžekas J. 2016.
Evaluation of antioxidant activity and flav,onoid
composition in differently preserved bee products.
Czech J. Food Sci., 34, p. 133–142.
Cheng N., Wang Y., Gao H., Yuan J., Feng F., Cao W.,
Zheng J., 2013. Protective effect of extract of
Crataegus pinnatifida pollen on DNA damage
response to oxidative stress. Food and Chemical
Toxicology, 59, p. 709-714.
Choi S.J., Shimomura K., Kumazawa S., Ahn MokRyeon, 2013. Antioxidant properties and phenolic
composition of propolis from diverse geographic
regions in Korea. Food Sci. Technol. Res., 19 (2), p.
211-222.
Chunli S., Zhengshuang W., Ziyan W., Hongcheng Z.,
2015. Effect of Ethanol/Water Solvents on Phenolic
Profiles and Antioxidant Properties of Beijing
Propolis Extracts. Evid Based Complement Alternat
Med. Article ID 595393.
Ciulu M., Spano N., Pilo M., Sanna G., 2016. Recent
Advances in the Analysis of Phenolic Compounds
in Unifloral Honeys. Molecules, 21, pp. 451.
Coneac G., Gafiţanu E., Hădărugă D.I., Hădărugă N.G.,
Pînzaru I.A., Bandur G., Ursica L., Păunescu V.,
Gruia A., 2008. Flavonoid Contents of
Propolis from the West Side of Romania and
Correlation with the Antioxidant Activity. Chem.

Based on papers presented in current work, it
can be concluded that propolis as well as bee
pollen contain a high amount of phenolic
constituents. Chemical diversity of these bee
products is influenced by botanical origin and
extraction methods.
These factors can also induced variations in
phenolic compounds concentrations. High
levels of some polyphenols can explain the
biological activities of bee pollen and
propolis.
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Abstract
Composting municipal sludge is an ecological and economic efficient technology to exploit such residual organic
products in order to increase agricultural yields and soil fertility.
This study aimed to determine the improve of some chemical characteristics of soil after fertilization with composted
sewage sludge associated or not with mineral fertilization after two years of application and the yields recorded after
the first two years of treatment.
The experimental field was organized using subdivided parcels method, studying two gradients: organic and mineral
fertilization. Before application on land as organic fertilizer, chemical characteristics of compost were analyzed in
laboratory. Also it was made a characterization of soil from experimental field before and after compost fertilization.
In the first year of experimentation the highest soybean yield were recorded in variants with maximum dose of mineral
fertilizer. The highest maize yield was obtained in the most intensive fertilization treatment of our experiment which
consist of doses of compost equivalent to a nitrogen rate of 400 kg/ ha and mineral fertilization (N100P100).
In the second year of experimentation we recorded significant increase yields at oat crops in variants with fertilization
in maximum doses. Related to soybean crops, in this second year, the values of yields were increased only in organic or
mineral fertilization, but not in association of them.
Fertilizing with sewage sludge does not replace the chemical fertilization, but is used in association with it in order to
satisfy the necessity of crops for the nutrients.
Key words: fertilization, sewage sludge, yields.

INTRODUCTION

of these urban organic residues in some
countries like France, Spain and UK (Leonard
et al., 2007). In our country, just like in Greece
and Malta, landfilling is still considered a
solution for sludge disposal, the soil is
considered in this case as a final purification
step, being not only capable to offer a treatment
for sludge but also to recycle nutrients for
different crops (Mininni et al., 2015).
Composting is a way of processing municipal
sludge in order to obtain a material sanitized
and stabilized with value as bio-fertilizer for
soil. Sludge and compost made from it, have a
significant content of nitrogen, phosphorus and
organic matter and can be an important source
of nutrients for different types of crops.
In this context, the paper aimed to present the
effect of different rates of sewage sludge
compost associated or not with mineral
fertilization on soil fertility and crop yields
after two years of experimentation.

As a result of growing population correlated
with developing industry, there are some
aspects which lately are taken into
consideration. One of them is related to the
increasing necessity of food supply and the
other is the disposal of sewage sludge in order
to minimize the environmental impacts.
(Praspaliauskas and Pedišius, 2017).
According to the report by Mininni et al.
(2015), the current production of sewage
sludge in the 15 member states is estimated in
about 25 kg/(P.E. x year) i.e. 68 g/(P.E. x d).
In many countries from Europe (Belgium,
Netherlands, Switzerland) the incineration of
sewage sludge is a predominant practice for
sludge disposal and the agricultural use of ash
is rarely practiced (Mininni et al., 2015).
The use of sludge in agriculture is an old,
preferred alternative when it comes to disposal
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Vaca-Paulin et al. (2006) consider that sewage
sludge is often composted prior to application
to the agricultural soils, in order to reduce
metal availability, to eliminate pathogens and
to obtain an adequate product for agriculture.
Wei and Liu (2005) show that the application
of composts to cropland has many advantages
which include providing a large array of
nutrients to the soil and reducing the need for
fertilizer and pesticides.
Data from the literature (Kirchmann et al.,
2017) recommend the use of sewage sludge, as
a source of nitrogen and phosphorus, these
being considered the most valuable nutrients in
this type of compost.
The main plant nutrient present in sewage
sludge is phosphorus. The concentrations of
phosphorus in sewage sludge ash (7-13%),
considering the trend for combustion of urban
wastes, are similar to those in apatite (12-16%).
This makes P recovery from ash highly
relevant (Kirchmann et al., 2017).

in 5 doses (unfertilized, 100 kg N/ha, 200 kg
N/ha, 300 kg N/ha, 400 kg N/ha) and B Factor
– mineral fertilization, 3 doses (unfertilized,
N50P50, N100P100).
The experimental design of the experience is
shown in Figure 1.
The soil in experimental field is compacted,
with poor water circulation possibility on
profile and low fertility.
All samples (soil, compost) were air-dried;
milled in mill ground (soil) or an agate mortar
(compost), homogenized and sieved to < 2 mm
prior to the chemical analysis.
The pH - was measured in water suspension
with a 1:2.5 soil: water suspension ratio (w:w)
after 120 min equilibrium time (potentiometric
method).
Organic carbon content (Corg) was determined
by sulfochromic oxidation - Walkley-Black
method (dichromate oxidation followed by
titration with Mohr’salt.
Total N was determined by the Kjeldahl
digestion-distillation procedure.
Phosphorus (P) was determined colorimetric as
molybdenum blue complex (UV/VIS spectrometry) and potassium (K) by flame photometry
(Egnèr-Riehm Domingo extraction method with ammonium acetate lactate at pH 3.75).

MATERIALS AND METHODS
The experiments were organized in experimental field at Albota, on Haplic Luvisols,
using subdivided parcels method, studying the
two gradients: A factor – organic fertilization
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Figure 1. Experimental design of experience organized on Haplic Luvisols to study the effects
of composted sewage sludge and mineral fertilizers
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Soil test data for the experimental site prior to
fertilization are presented in (Table 1).

triple superphosphate as a source of phosphorus
(45% P2O5).
Test crops were soybean (Atlas variety), maize
(Turda 200 hybrid) and oat (Someşean variety).
Processing of experimental data was performed
using analysis of variance and Tukey test.

Table 1. Chemical characteristics of the soil in the
experimental field (dry weight)
Depth
(cm)
0-27
37-36
36-44

pH
4.67
5.59
5.37

Corg
(%)
1.57
0.76
0.49

Nt
(%)
0.10
0.07
-

P
K
(mg/kg) (mg/kg)
48
57
5
67
4
73

RESULTS AND DISCUSSIONS
Data from Table 2 show that considering the
heavy metals content in compost or their
availability for crops, none of the metals
analyzed had values above the permissible
limits, according to Order 344/ 2004 (for the
approval of the Technical Norms on
environmental protection and especially of
soils, when using sewage sludge in agriculture).
It can be appreciated that there are no
restrictions in using this sewage sludge
compost on cropland, its elemental composition
recommend its application on soils with low
content of microelements.
On the other hand, the high pH values of
compost, usually lower the bioavailability of
heavy metals and, consequently, their uptake
by plant roots (Gattullo et al., 2017).
In our case, the fertilization with compost
led to decreasing soil acidification because
the treatment of sludge was made with lime
(Table 3).
The same situation was noticed in
Pennsylvania, where the use of biosolids it has
been a practice since mid -1970s. The study
was carried out on 20 farms and it was noticed
that the pH increased by an average 0.2 pH on
soils that received biosolids. The reasons of this
increasing was attributed to the treatment plant
of sewage sludge and to regulations which
require soil pH to be at least 6.0 when biosolids
are applied (http//extension.psu.edu/effects-of
biosolids-on soil-and-crop-quality).
Sewage sludge composted can be a good
source of nutrient for plant depends on their
origin, the characteristics of the compost and
the environmental regulations of the area where
these will be applied.
Kominko et al. (2017) noticed that many
researchers reported positive effects of using
sewage sludge in agriculture by improving the
physicochemical properties of soil.
This observation is consistent with Singh and
Agrawal (2011) and Mi et al. (2016), quoted by

For composting, sewage sludge was mixed
with wheat straw or chopped stalks of peas or
soybean (size of 2-5 cm) for better aeration of
composting heap (of approximately 6x3x2 m3
volume). Compost was obtained through a
process of thermophilic digestion and microbial
synthesis of organic substances from waste
products. It was added selected microbial
cultures to rise rapidly the temperatures over
60°C in order to kill pathogens from their
vegetative stage.
Total heavy metals content in compost samples
were measured by flame atomic absorption
spectrometry (AAS) after extraction by the
aqua regia - microwave digestion method.
Microwave digestion was performed using 10
mL of aqua regia (7.5 mL HCl and 2.5 mL
HNO3) at 140°C for 30 min. The general
properties of compost are shown in Table 2.
Table 2. Properties of compost*(dry weight)
Min

Max

Mean

pH

7.05

7.08

7.07

Corg (%)

16.77

19.55

18.38

Nt (%)

2.07

2.4

2.24

P (%)

1.25

1.34

1.29

K (%)

0.25

0.35

0.30

Cu (mg/kg)

129

131

130

Zn (mg/kg)

1355

1381

1367

Pb (mg/kg)

76

87

80

Ni (mg/kg)

24

31

27

Mn (mg/kg)

339

350

345

Cd (mg/kg)

3.9

4.4

4.2

*the number of test samples for compost was 10

For mineral fertilization it was used urea as a
source of nitrogen (46% N) and concentrated
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Khaliq (2017) that the organic fertilization led
to increasing values of organic carbon in soil
compared with mineral fertilization with NPK.
Consequently, carbon content in the soil would
be expected to increase as a result of organic
fertilization but, in our experiment, the content
of organic carbon in soil has not changed

statistic significantly after treatments applied,
because of clay soil texture and short time of
experimentation (Table 4).
Kominko et al. (2017) also reported that
meteorological factors and the type of soil have
a significant influence of nitrogen uptake.

Table 3. Effects of organic, mineral and mixed fertilization on pH values in soil
Mineral fertilization

Compost fertilization
Unfertilized

Mean value

Compost fertilization equivalent to a N rate of:

mineral

with compost

100 kg/ha

200 kg/ha

300 kg/ha

400 kg/ha

Unfertilized

5.01

5.14

5.14

5.51

6.09

5.38

A(1)

N50 P50

4.74

5.07

5.07

6.07

6.06

5.40

A

N100 P100

4.69

4.91

4.92

6.26

6.48

5.45

A

Mean value compost
fertilization

4.81

W(2)

5.04

W

5.04

W

5.95

X

6.21

fertilization

X

(1) or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05

Table 4. Effects of organic, mineral and mixed fertilization on organic carbon content in soil
Mineral fertilization

Compost fertilization
Unfertilized
with compost

Mean value

Compost fertilization equivalent to a N rate of:
100 kg/ha

200 kg/ha

300 kg/ha

mineral

400 kg/ha

fertilization

------------------------------------------------ % ---------------------------------------------Unfertilized

1.57

1.67

1.56

1.79

1.59

1.64

A(1)

N50 P50

1.63

1.62

1.67

1.51

1.61

1.61

A

N100 P100

1.54

1.61

1.63

1.62

1.58

1.60

A

Mean value compost
fertilization

1.58

W(2)

1.63

W

1.62

W

1.64

W

1.59

W

(1) or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05

The same (with organic carbon content in soil
samples after fertilization) was the behavior
of total nitrogen soil content, which has not
changed statistic significantly, also (Table 5).
Kahliq et al. (2017) showed that the statistical
analyses of TN% (total nitrogen) in soil
sample among all treatments (Kala compostcommercial name of the organic fertilizer
produced from municipal sewage treated
wastewater and mineral fertilizers with three
elements - NPK) was not significant.

Vieira R. et al. (2014) emphasized that the
dynamics of nitrogen applied with the sludge
is complex and demands studies in the sense
of evaluating the amount of sludge to be
applied to the soil and the frequency of
application.
Beside nitrogen, utilization of sewage sludge
in agriculture has a major interest due to
phosphorus and potassium supply.
Zaman et al. (2002) quoted by Mtshali et al.
(2014) consider that treated sewage sludge
can enrich soil with macronutrients such as
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phosphorus and potassium. Nyamangara and
Mzezewa (2001) quoted by Mtshali J. (2014)
reported that phosphorus increase was

observed from control plot where phosphorus
content in soil was about 2-4 mg/kg to 29-114
mg/kg of phosphorus in sludge amended soil.

Table 5. Effects of organic, mineral and mixed fertilization, on total nitrogen content in soil
Mineral fertilization

Compost fertilization
Unfertilized
with
compost

Mean value

Compost fertilization equivalent to a N rate of:
100 kg/ha

200 kg/ha

300 kg/ha

mineral

400 kg/ha

fertilization

------------------------------------------------ % ---------------------------------------------------

(1)

Unfertilized

0.146

0.160

0.151

0.164

0.161

0.156

A(1)

N50 P50

0.153

0.156

0.170

0.143

0.157

0.156

A

N100 P100

0.147

0.151

0.158

0.153

0.161

0.154

A

Mean value compost
fertilization

0.149

W(2)

0.156

W

0.160

W

0.153

W

0.160

W

or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05 level

In our experiment the organic fertilization with
the highest dose of compost equivalent to 400
kg N/ha led to statistically significant increases
of mobile phosphorus content in soil. Also, we
recorded increases of mobile phosphorus
content in soil at doses of compost equivalent
to 100, 200 and 300 kg N/ha, but these are not
statistically significant (Table 6). Similar
results was obtained from experimental field in
Pennsylvania and the reason could be the fact

that biosolids phosphorus is held strongly in
soil and it is necessary repeatedly applications
of biosolids over several years for increasing
soil test levels (http//extension.psu.edu/effectsof biosolids-on soil-and-crop-quality).
He et al. (2001), quoted by Diacono and
Montemurro (2009), reported that the
biosolids-municipal solid waste co-compost
applied, once at 4 years, has also been found to
effectively supply P to soil at 0-15 cm depth.

Table 6. Effects of organic, mineral and mixed fertilization on mobile phosphorus content in soil
Mineral fertilization

Compost fertilization
Unfertilized
with
compost

Mean value

Compost fertilization equivalent to a N rate of:
100 kg/ha

200 kg/ha

300 kg/ha

mineral

400 kg/ha

fertilization

---------------------------------------------- mg / kg ----------------------------------------------Unfertilized

33

37

41

42

48

40

A(1)

N50 P50

43

42

43

45

50

45

A

N100 P100

35

38

39

50

49

42

A

Mean value compost
fertilization

37

W(2)

39

WX

41

WX

46

WX

49

X

(1) or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05 level

Concerning potassium, as a water-soluble
nutrient, the concentrations in sewage sludge
are lower than in other organic amendments

(such as manures) (Kirchmann et al., 2017). On
the other hand, in our experiment (Table 7), the
lack of potassium from mineral fertilizer recipe
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test levels (http//extension.psu.edu/effects-of
biosolids-on soil-and-crop-quality).
The use of quality compost is a sure way of
restoring organic matter to the soil, mitigation
of acute tendency of decreasing soil nutrient
reserves and a way to increase the crops
quality.
Evaluating the quality compost is done not only
by laboratory tests, but also in experimental
field.
Because the sewage sludge compost used in
our experimental field contain low levels of
nutrients compared with mineral fertilizer and
it is known that the low mineralization rates did
not satisfy the requirements of a crop, we
studied the combined effects of applying
compost and mineral fertilizers (N-P). On the
other hand, by applying compost it is expected
to increase recovery ratios of nutrients from
mineral fertilizers.
We tried to obtain economic efficiency of using
compost by careful choice of crop rotation and
monitoring of the environment.

explains the absence of significantly changes of
the mobile potassium content in the soil.
Consequently, compared with the check
(unfertilized variant), the content of mobile
potassium in soil did not change significantly
after compost application or mineral
fertilization.
The average values of potassium content in soil
ranged between 85 mg/kg - 94 mg/kg.
Generally, the data from literature demonstrated that organic amendments long-term
applications enhanced soil available potassium,
extractable phosphorus and organic carbon
content (Diacono and Montemurro, 2009).
The use of biosolids on Pennsylvania cropland,
in a three year research project, showed even
lower soil test potassium level in biosolid fields
than they were in control fields. It was
considered that the amount of potassium added
by biosolid it was not sufficient to fulfill the
crop necessity. Alternative source of potassium
should be considered (chemical fertilizer or
manure) to maintain optimum potassium soil

Table 7. Effects of organic, mineral and mixed fertilization on mobile potassium content in soil
Mineral fertilization

Compost fertilization
Unfertilized
with compost

Mean value

Compost fertilization equivalent to a N rate of:
100 kg/ha

200 kg/ha

300 kg/ha

mineral

400 kg/ha

fertilization

------------------------------------------------- mg / kg ----------------------------------------------Unfertilized

85

79

85

a

94

a

88

a

86

A(1)

N50 P50

88

85

85

a

85

a

88

a

86

A

N100 P100

85

85

91

a

85

a

88

a

87

A

Mean value compost
fertilization

86

87

W

88

W

88

W

W(2)

83

W

(1) or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05 level

the lack of symbiotic microorganisms has
resulted in a diminished yield of soybean crop.
Noggle and Fritz (1976), quoted by Kabir et al.
(2011) appreciate that optimum dose of
essential nutrient elements ensure the highest
yield of a crop.
In this sense, by supplying nutrient from
sewage sludge, Lavado (2006), quoted by
Kabir et al. (2011), found increased yield of
sunflower.

The data from the first year of experimentation
show that the soybean yield increased
statistically significant with the increases of
mineral fertilizer doses from 789 kg/ha to 1043
kg/ha (Table 8). The increase of compost dose
led to a slightly decrease of soybean yield,
probably because of heavy metals content from
sewage sludge, who reduced the nitrogenfixing microorganisms activity. As soybean
plant has a high demand of nitrogen, the
decline of the nitrogen content in the soil due to
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Table 8. Effects of organic, mineral and mixed fertilization on soybean yield
Mineral fertilization

Compost fertilization
Unfertilized
with
compost

Mean value

Compost fertilization equivalent to a N rate of:
100 kg/ha

200 kg/ha

300 kg/ha

mineral

400 kg/ha

fertilization

---------------------------------------------- kg / ha ----------------------------------------------Unfertilized

609

906

831

750

847

789

A(2)

N50 P50

872

958

926

857

871

897

B

N100 P100

1378

976

1028

932

903

1043

C

Mean value compost
fertilization

953

W

947

W

928

W

846

X

874

X

(1) or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05 level

In Pennsylvania project where biosolids were
used as a nitrogen fertilizer, there were no
differences in crop yields between biosolids
and control fields (control fields used
conventional chemicals fertilizers and manures)
(http//extension.psu.edu/effects-of biosolids-on
soil-and-crop-quality).
Considering maize crop, in our experiment, the
association between organic and mineral
fertilization (N-P) was beneficial for maize
yield, possibly due to high maize tolerance for

heavy metals (maize is considered a plant that
can be cultivated on land fertilized with high
doses of sewage sludge).
The results suggested that the compost
application associated or not with mineral
fertilization generated positive yield responses
(Table 9). Wei and Liu (2005) observed that
compared with the check, the compost
application increased significantly the weight
of barley spikes and grains and the mean
weight and yield of Chinese cabbage.

Table 9. Effects of organic, mineral and mixed fertilization on maize yield
Mineral fertilization

Compost fertilization
Unfertilized
with compost

Mean value

Compost fertilization equivalent to a N rate of:
100 kg/ha

200 kg/ha

300 kg/ha

mineral

400 kg/ha

fertilization

---------------------------------------------- kg / ha ----------------------------------------------Unfertilized

6449

8207

8609

8621

9753

8328

A(2)

N50 P50

7554

8750

8636

9354

9939

8847

B

N100 P100

8432

9335

9404

9542

10090

9361

C

Mean value compost
fertilization

7478

W

8764

X

8883

X

9172

Y

9927

Z

(1) or (2) - Values followed by the same letter (A, B, C or W, X, Y) are not significantly different at the p=0.05 level

The maize yield in our experiment increased
statistically significant with the dose of mineral
fertilizer from 8328 kg/ha in unfertilized plot to
9361 kg/ha after mineral fertilization in high
dose
(N100P100).
Compost
fertilization
equivalent to increasing rate of nitrogen led

also to statistically significant increases of
maize crop, from 6449 kg/ha in unfertilized
plot, to 9753 kg/ha in plots fertilized with
composted sewage sludge equivalent to a N
rate of 400 kg/ha.
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annually over 5 years, alone or combined with
mineral fertilizer.
Regarding soybean yield in second year, the
dates highlights that the mineral fertilizer was
more beneficial for the yield of soybean (it was
obtained an increasing of 56% related to
unfertilized control), compared with compost
fertilization (the increasing was about 40%
related to unfertilized control) (Figure 3).
The combination of the two type of fertilization
in a drought year has not led to large increases
of soybean crop production and it is explained
by the high water demand of this plant.

In the second year of experimentation, the oat
yields increased statistically significant with
the doses of mineral fertilizer (N-P) or with the
increasing doses of organic fertilizer (Figure 2).
The most benefit for the yield increment was
the use of combined fertilization in highest
doses (N100P100 and compost at dose equivalent
to 400 kg N/ha).
Cherif et al. (2009), quoted by Diacono and
Montemurro (2009) obtained also enhanced
wheat grain yield on average by 246% in
respect to the control, with a high rate (80 t/ha)
of municipal solid waste compost applied

40

27.60 b

31.55 c

40

33.31 c

B

30

17.49 a*

q/ha

q/ha

30
20

A

32.89 c

25.62 a

29.42 b

30.67 c

N50 P50

N100 P100

20

10

10

0

0

70

AB

N 0 P0

60

q/ha

50
40

31.99

30
20

25.95 25.56

35.13

29.64

30.08

41.56
31.55

28.73

33.84
26.78

19.63

17.91

14.94

35.24

10
0

N50P50

N0 P 0

N100P100

Unfertilized with compost
Compost fertilization equivalent to a N rate of :
100 kg N / ha

200 kg N / ha

300 kg N / ha

400 kg N / ha

* For each chart (A or B), the values followed by the same letter (a, b or c) are not significantly different at the p=0.05 level

Figure 2. Effects of organic (A), mineral (B) and mixed fertilization (AB) on oat yield
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A

B

10
5.38 b

4.29a*

5.55 bc

5.75 cd

q/ha

q/ha

10
6.04 d

4.28 a

0

N 0 P0

0

6.69 c

5.24 b

N50 P50

N100 P100

AB

10

q/ha

7.52
4.79
2.44

3.16

0

5.56

5.44

4.38

5.47

6.02

6.05

N50 P50

N0 P 0

6.44

N100 P100

Compost fertilization equivalent to a N rate of :

Unfertilized with compost
100 kg N / ha
*

5.24

5.11

6.67
6.76

200 kg N / ha

300 kg N / ha

400 kg N / ha

For each chart (A or B), the values followed by the same letter (a, b or c) are not significantly different at the p=0.05 level

Figure 3. Effects of organic (A), mineral (B) and mixed fertilization (AB) on soybean yield

CONCLUSIONS

potentially accumulation of heavy metals in
soil, but these changes evolve slowly.
To predict the effects of applying different
organic amendments is useful to continue the
research in order to establish the most appropriate technologies for sewage sludge composting, as it is known that composting process
reduce the heavy metal availability.
Another aspect for which continued long-term
research could be important is the recommendation of optimal doses mixed with mineral
fertilizers to obtain high crop yields.

Following municipal sludge composting
process are obtained materials that can be used
beneficially as bio-fertilizers and conditioning
of soil. Application of compost on cropland
will take into account the characteristics of
compost and soil, the plant needs and the
environmental regulations from area. The
fertilization with sewage sludge compost does
not replace chemical fertilizer but is applied
along with it to fulfill necessary nutrients for
plants. The experimental results in this paper
showed that compost fertilization associated
with mineral fertilization led to better yields
responses for oat, maize and soybean
comparing with only one type of fertilization.
Mineral fertilization of soils is a short-term
solution in terms of increasing yield but the
alternative of applying composted sewage
sludge could lead to a nutrient slow-release
effect.
On the other hand a reliable agronomic value of
organic amendments can be determined over
years of application on soils considering the
climate, soil type and compost characteristics.
Long time research on sewage sludge compost
as amendment on cropland is particularly
relevant, because the composition of compost
can influence the soil fertility and the
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Abstract
Recent pharmacological investigations of bryophytes have proven that the active principles present in these plants are
quite unique and having potential chemical application and antioxidant capacity. The mosses of Oxytegius tenuirostris,
Eurhynchium striatum W. P. Schimper and Rhynchostegium murale (Hedw.) Schimp. were collected from different
locations of Turkey, and dried and exracted with different solvents. Volatiles were isolated from the samples by solid
phase microextraction. Gas Chromatography-Mass Spectrometry (GC-MS) was used to identify volatile compounds.
Antioxidant activities of moss were tested by free radical scavenging activity (DPPH• assay), Trolox equivalent
(TEAC) and Cupric Reducing Antioxidant Capacity (CUPRAC) methods. Antioxidant activities were found for
mossesas 24.67-67.12 mg/g from chloroform extract, 18.83-35.83 mg/g from ethanol extract, 7.78-46.09 mg/g from
methanol extract and 12.56-34.13 mg/g from water extract by DPPH• assay method. Antioxidan activities were found
as 562.07-2060.52 mg/g from chloroform extract, 597.44-1765.77 mg/g from ethanol extract, 2506.23-7454.92 mg/g
from methanol extract and 676.41-5631.23 mg/g from water extract by Trolox method. Antioxidant activities were
found as 9.78-64.60 mg/g from chloroform extract, 5.62-28.37 mg/g from ethanol extract, 4.23-30.54 mg/g from
methanol extract and 4.92-27.77 mg/g from water extract by Cuprac method. On the basis of the results it is suggested
that the extract of mosses species determined here could be of use as an easily accessible source of natural antioxidant
for the treatment.
Key words: Oxytegus tenuirostris, Eurhynchium striatum, Rhynchostegium murale, mosses, antioxidant activity, DPPH;
TEAC, CUPRAC methods.

INTRODUCTION

bioactive or health-promoting compounds,
which play an important role in preventing
cardiovascular diseases, cancers, obesity and
diabetes, lowering blood cholesterol level, and
reducing inﬂammatory action (Halliwell,
1996). Bryophytes belong to phylum bryophyte
and include three classes Hepaticopsida
(liverworts), Bryopsida (mosses), and Anthocerotea (hornworts). They are small, terrestrial
photosynthetic, spore-bearing plants that
require a humid environment and can be found
all over the world. There are about 20,000
species of bryophytes worldwide, which is
about five percent of the total of 400,000 plant
species on the earth (Zinsmeister, 1991).

Plant phenolics are commonly found in both
edible and non-edible plants, and have been
reported to have multiple biological effects,
including antioxidant activity. The importance
of the antioxidant constituents of plant materials in the maintenance of health and protection from coronary heart disease and cancer is
also raising interest among scientists, food
manufacturers, and consumers as the trend of
the future is moving toward functional food
with specific health effects (Löliger, 1991).
Most phytochemicals in natural agricultural
sources have been generally recognized as
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Until now, the chemistry of less than 10% of
bryophytes has been studied and different types
of terpenoids, bisbibenzyls, flavonoids,
alkaloids, and other novel compounds have
been isolated. Much of this has been
documented in regular reviews (Asakawa,
2004). Bryophytes are considered as a
“remarkable reservoir” of new, natural
products or secondary compounds, many of
which have shown interesting biologic activity.
These activities can be presented as: antimicrobial, antifungal, cytotoxic, antitumor, vasopressin (VP) antagonist andcardiotonic. Some
of the latest results also predicted the beneficial
influence of bryophytes in AIDS therapy (some
bibenzyles of liverworts) (Sabovljevic 2001,
Pejin et al., 2012; Pejin et al., 2013). The biological characteristics of the terpenoids and aromatic compounds isolated from bryophytes
show antibacterial and anti-fungal activity
(Barros, 2007; Miller and Rice-Evans, 1999;
Veljıć et al., 2010). Antioxidant capacity of the
moss was found to be higher than certain
common plants (Montenegro et al., 2009).
(Singh et al., 2006), viral diseases (Frahm,
2004) etc. antioxidant capacity. Ethnomedicinal
use of different bryophytes should be scientifically investigated for active principles in
order to bridge between traditional knowledge
and pharmacology (Yayintas et al., 2017).
Oxystegus tenuirostris (Hook. & Taylor) A.J.E.
Sm; Zander (2007) outlines its area as extremely wide throughout the world, from Arctic to
tropical areas on all continents. With about
1350 species the Pottiaceae comprise around
10% of moss diversity (Crosby et al., 1999)
with many thriving in rather harsh environments (Zander, 1993). O. tenuirostris (Hook. &
Taylor) A.J.E. Sm. exhibits a cosmopolitan
distribution with a wide ecological and altitudinal amplitude occurs on damp to moist soil,
soil over rock, peaty banks, humid cliffs, rarely
on tree bases and logs that may be occasionally
flooded. Brachytheciaceae is one of the largest
families among pleurocarpous mosses,
probably including 250 to 350 species and 41
genera (Ignatov&Huttunen, 2002), although the
latest checklist of mosses contains a total of
570 accepted species (Crosby et al., 1999). Our
species R. murale is nearly always found on
rocks and stones. The other our species of
Eurhynchium striatum grows on the ground and

around stones in woodland, especially on base
rich soils, but also on neutral to slightly acidic
substrates.The GC-MS method is usually used
to determine the chemical composition of the
mosses(Yayintas et al., 2017). Generally, the
antioxidant activities of mosses are using
CERAC, CUPRAC, TEAC, DPPH*, TPC, and
FRAP methods (Ertürk et al., 2015).
MATERIALS AND METHODS
Collection and identification ofmosses
Moss samples were collected from different
locations of the Turkey, and dried accordingly.
List of location sites:
Oxystegus tenuirostris (Hooker & Taylor) A.
Smith (Figure 1a). T. 1713: Osmaniye:
Yarpuz-Hasanbeyli (Turkey) 15 km, road side,
1500m, partial shade, on rock, 2002 (OT1).
This abrrevation is indicated that Oxystegus
tenuirostris. T. 1715: Osmaniye: Yarpuz,
Fındıcak Tarla, (Turkey), 750 m, partial shade,
on rock, 2002 (OT2). T. 1718: Osmaniye:
Yukarı dereli village (Turkey), 350 m, on soil,
slope, 2002 (OT3).OT1-OT3 are indicated that
Oxystegus tenuirostris. T is indicated that
Ozlem TONGUC YAYINTAS by collecting
and defining moss species.
Eurhynchium striatum (Schreb. ex Hedw.)
Schimp (Figure 1b).
Kor26: Fethiye: Ölüdeniz and environs, on
soil, ca. 10m, 1994 (ES1). Kor32: Fethiye:
Ölüdeniz and environs, under forest vegetation,
on soil, 500 m, 1994 (ES2). Kor38: Fethiye:
Ölüdeniz and environs, under forest vegetation,
on soil, 500 m, 1994 (ES3). ES1-ES3 are
indicated that Eurhynchium striatum. Kor is
indicated that Koray ALTANby collecting and
defining moss species.
Rhynchostegium murale (Hedw.) Schimp.
(Figure 1c).
A. 3351, A. 3353, A. 3358: Kırklareli, Istranca,
between İğneada-Demirköy (Turkey), 600 m,
on soil; on old rock crevices, 1990 (RM1);
(RM2); (RM3). RM1-RM3 are indicated that
Rhynchostegium murale.
A is indicated that Ahmet Nuri YAYINTAS by
collecting and defining moss species.Voucher
spec�mens were �dent�f�ed accord�ng to below
procedureby Dr. Ozlem TONGUC YAYINTAS
and depos�ted �n the Canakkale Onsek�z Mart
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Un�vers�ty, Appl�ed Sc�enceof College,
Fisheries Technology,Turkey. The status of
these taxa wasevaluated by reviewing the
related literature for Turkey (Uyar and Çetin
2004, Kürschner and Erdağ 2005; Kürschner

(a)

and Frey 2011).We �nvest�gated the follow�ng
spec�es: Oxystegus tenu�rostr�s (Hooker &
Taylor) A. Sm�th, Eurhynch�um str�atum
(Schreb. ex Hedw.) Sch�mp, Rhynchosteg�um
murale (Hedw.) Sch�mp (F�gures 1 a, b, c).

(b)

(c)

Figure 1. Moss species of (a) Oxystegus tenuirostris (Hooker & Taylor) A. Smith,
(b) Eurhynchium striatum (Schreb. ex Hedw.) Schimp, (c) Rhynchostegium murale (Hedw.) Schimp.in Turkey

Extraction of Moss Specimens
Milled moss specimens were weighed, extraction is carried out with chloroform, ethanol, methanol and water successively. 5 ml of chloroform was added to each sample and mixed with
a vortex. It was waited for 30 min in ultrasonic
bath and then mixed with vortex. Then, filtered
and dried drogs. The same procedure was
performed using ethanol, methanol and water

temperature for 30 minutes in the dark. The
absorbance was taken at 517 nm. RSD is calculated by measuring the average and the third
the preparation of each sample. Results are
calculated as % reduction (Amarowicz, 2004)
(Table 2). Trolox was used as a standard.
Trolox equivalent antioxidant capacity
(TEAC) assay
Antioxidant activity was measured using the
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) method as described before (Re
et al., 1999). It is based on the Trolox
equivalence of the samples. Mixed with 2.45
mM potassium persulfate was 7 mM ABTS, in
order to produce an ABTS+ radical. Th is
radical was left in a dark room at 30 °C for 2
days to reach stable absorbance at 734 nm.
Extracts were diluted in ethanol to a final
concentration of 0.1 mg/mL. Ethanol was used
as the blank. The ABTS+ solution was diluted
with 5 mM phosphate buffer until it had an
absorbance of 0.70 ± 0.02 at 734 nm. Next, 1
mL of this stock solution was taken and mixed
with 10 μL of a sample solution and measured
at 734 nm for 1-6 min after the initial mixing.
All measurements were carried out in triplicate.
The inhibition percentages were calculated as
follows: Inhibition % = (AABTS + – A6.min) ×
100/AABTS+, where AABTS.+ is the absorbance of
ABTS+ at 734 nm (0.700 ± 0.02) and A6.min
is the 6-min absorbance aft er the addition of
the sample to the ABTS+. The absorbances of
the samples were compared to that of the stan-

Gas chromatography-mass spectrometry
(GC/MS)
Volatile compounds from moss samples were
isolated by solid-phase microextraction
(SPME) technique (Pawliszyn, 2012) and identified by Gas chromatography mass spectrometry. Volatiles were tentatively identified by
GC–MS. A nonpolar HP5 column (30 m × 0.25
mm i.d. × 0.25-µm film thickness; J&W
Scientific) was used for separation of volatiles.
The GC–MS system consisted of an HP 6890
GC and 7895C mass-selective detector (MSD;
Agilent Technologies, Wilmington, DE, USA).
Experimental Conditions for Methods
Free radical scavenging activity (DPPH
assay)
Antioxidant activities of these mosses were
tested by free radical scavenging activity
(DPPH assay) of chloroform, ethanol,
methanol and water extracts according to the
procedures described by Srinivasan et al. Moss
extract of 0.1 ml were mixed with 1.5 ml of
DPPH reagent and allowed to stand at room
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dard curve and the antioxidant properties were
expressed as mM Trolox equivalent/mg for extracts (Yayintas et al., 2017; Ertürk et al., 2015).

They are abundant in nature. Data obtained
from GC-MS from the sample of water extracts
of Oxystegus tenuirostris (Hooker & Taylor) A.
Smith, Eurhynchium striatum (Schreb. ex
Hedw.) Schimp, Rhynchostegium murale
(Hedw.) Schimp. were given respectively in
Table 1.
A total of 89 compounds were determined from
water extract of Oxystegus tenuirostris by GCMS. Among these compounds with higher
abundance were given in Table 1.
A total of 91 compounds were determined from
water extract of Eurhynchium striatumby GCMS. Among these compounds with higher
abundance were given in Table 1.
A total of 92 compounds were determined from
water extract of Rhynchostegium murale by
GC-MS. Among these compounds with higher
abundance were given in Table 1.Gas chromatogram with mass-spectrometric detection of
the moss species are given in Figures 2-4.

CUPRAC spectrophotometric assay of total
antioxidant capacity
1 mL 10 mM cupric chloride, 1 mL 7.5 mM
neucuproine, 1 mL 1M amonium acetatete
buffer (pH:7) and 1 mL water were mixed. 0,1
mL bryophytes extracts were added in this
mixture. The samples were incubated for half
an hour at room temperature, absorbance
against a reagent blank was measure at 450 nm.
All procedures were repeated in triplicate. The
results were expressed as means (±SD) mmol
trolox per gram dry bryophytes (Apak et al.,
2004).
RESULTS AND DISCUSSIONS
GC-MS identification of water extracts
The mosses were sampled from different locations of Turkey.

Table 1. GC-MS analysis ofmoss species (water extracts) component
Moss species
Oxystegus tenuirostris
(OT)

Eurhynchium striatum
(ES)

Compound
number

Retention
Time (min)

Identified Substance

1
2
5

1.91
2.73
5.65

Chloroform
Dimethyl silanediol
hexamethylcyclotrisiloxane

6

6.81

Formic acid

7
10
11
12
14
17

7.91
10.05
10.51
11.30
12.98
15.01

19

15.67

20

15.95

22

16.93

24

18.73

Oxime-, methoxy-phenyl
octamethylcyclotetrasiloxane
1-Hexanol, 2-ethyl
1-Octyl trifluoroacetate
Octyl, cyclopropane,
Sulfurous acid, 2-pentyl ester
Propanoic
acid,
2-methyl-,
2,2dimethyl-1-(2-hydroxy-1-methylethyl)
propyl ester
Butanoic acid, butyl ester
5,9-Undecadien-2-one, 6,10-dimethy l-,
(E)
Pentanoic acid, 2,2,4-trimethyl-3carboxyisopropyl, isobutyl ester

1
2
5
6

1.92
2.73
5.66
6.81

7

7.90

9
10
11
12

9.75
10.06
10.52
11.30

14

12.79

Chloroform
Dimethyl,Silanediol
Hexamethylcyclotrisiloxane
N-ethyl-1,3-dithioisoindoline
Oxime-, methoxy-phenyl1-Propanone, 2-chloro-1-(2,4dimethylphenyl)-2-methylSilane,
dodecyldiethoxymethyl
3-Octanone
Octamethylcyclotetrasiloxane
2-ethyl-1-Hexanol
Formic acid, octyl ester
3-Hydroxymandelic acid, ethyl ester, diTMS
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Volatiles

plant volatile
organosilicon compound
polymeric oil
colourless corrosive liquid
carboxylic acid
organosilicon
light, sweet floral fragrance
fruit-like odor
anaesthetic
plant volatile (hsdb, 1995)

Area %

2.04
5.88
7.30
5.96
2.22
5.63
4.13
2.49
2.11
2.94
6.02

sweet fruity flavors

7.41

flavor and fragrance agents

2.64

flavor and fragrance

11.16

plant volatile
Organic compound
Organosilicon compound
psychoactive drug

4.88
7.56
7.46
4.32

fungicides

3.84

flavor and fragrance
organosilicon compound
natural plant fragrance
fruity odor

2.27
7.47
5.85
2.20
3.35

Moss species

Rhynchostegium murale
(RM)

Compound
number

Retention
Time (min)

18

15.31

1
2
3
4
5
7
10

1.93
2.53
4.59
5.56
6.84
7.87
10.04

11

10.52

24

18.11

Identified Substance
(3-Methoxy-phenyl)-(6-methyl-4phenyl-quinazolin-2-yl)-amine
Chloroform
Dimethyl Silanediol
Hexanal
Hexamethylcyclotrisiloxane
N-ethyl-1,3-dithioisoindoline
Oxime- methoxy-phenyl
Octamethyl, cyclotetrasiloxane
2-tert-Butyl-3,4,5,6tetrahydropyridine
2-phenyl-5-propylresorcin

Volatiles

Area %

stimulant drug

2.07

plant volatile
Organic compound
fruity flavors
polymeric oil
psychoactive drug
fungicides
organosilicon compound

5.38
7.53
6.35
10.69
2.22
2.22
6.83

heterocyclic compounds

4.88

antiseptic and disinfectant

2.78

Figure 2. Gas chromatogram with mass-spectrometric detection of Oxystegus tenuirostris; numbers refer to the
compounds listed in Table 1

Figure 3. Gas chromatogram with mass-spectrometric detection of Eurhynchium striatum; numbers refer to the
compounds listed in Table 1

Figure 4. Gas chromatogram with mass-spectrometric detection of Rhynchostegium murale;
numbers refer to the compounds listed in Table 1
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Free radical scavenging activity (DPPH assay) of these mosses was given in Table 2.
Table 2. Free radical scavenging activity (DDPH asssay) of different solvent extracts of mosses (mg/g)
Sample and (location)*

Chloroform

Ethanol

Methanol

Water

Mean

RSD

Mean

RSD

Mean

RSD

Mean

RSD

OT1

29.03

4.69

35.83

5.21

15.48

3.71

24.98

4.64

OT2

25.45

4.25

18.83

0.69

16.81

1.26

27.64

1.69

OT3

24.85

2.34

21.17

10.58

7.78

2.55

34.13

2.88

Average

26.44

3.79

25.27

5.49

13.35

2.50

28.91

3.07

ES1

33.94

5.21

23.92

4.86

24.23

0.54

26.04

1.61

ES2

31.83

3.82

26.06

2.74

25.50

14.83

25.28

6.72

ES3

24.67

3.13

25.83

4.14

23.20

8.58

22.54

4.04

Average

30.14

4.05

25.27

3.91

24.31

7.98

24.62

4.12

RM1

67.12

2.20

22.74

2.25

20.91

8.60

12.56

13.53

RM2

28.32

1.59

22.59

7.92

19.45

7.10

21.92

2.94

RM3

25.11

1.38

22.65

1.82

20.01

4.88

25.67

9.24

Average

40.18

3.44

22.66

3,99

20.12

6.86

20.05

8.57

In general, when Table 2 is evaluated the
chloroform extract of RM1 has been shown
higher value than the other RM species. This
value should be taken the evaluation of the
results by the Q test (90 confident level). There
is no difference between the moss species and
the extraction solvents according to the free
radical scavenging method (DDPH) (p>0.05).
TEAC spectrophotometric assay of total

antioxidant capacity of mosses is given in
Table 3. In Table 3, the results of antioxidant
capacity of the mosses determined by TEAC
method is given.As it can be seen in Table 3 the
methanol extracts of all kinds of mosses
showed higher antioxidant capacity by TEAC
method. Different results were teken from
thesame group of mosses in the same solvent.

Table 3. Antioxidant activities of these mosses were tested by TEAC spectrophotometric method of chloroform,
ethanol, methanol and water extracts (mg/g)
Sample and (location)*

Chloroform

Ethanol

Methanol

Water

Mean

RSD

Mean

RSD

Mean

RSD

Mean

RSD

OT1

840.66

1.43

597.44

3.17

6586.52

2.13

1373.09

3.72

OT2

687.57

4.46

1280.14

1.36

7454.92

3.18

1459.30

2.23

OT3

994.40

3.22

957.28

1.45

5046.73

5.43

1073.76

1.75

Average

840.87

3.03

944.95

1.99

6362.72

3.58

1302.05

2.56

ES1

688.52

2.91

1264.49

1.03

6490.16

3.71

1854.40

1.62

ES2

1822.30

4.25

1561.95

2.62

2506.23

1.63

4642.42

1.20

ES3

2060.52

0.88

1608.21

5.47

3498.50

0.26

5631.23

3.23

Average

1523.78

2.68

1478.21

3.04

4164.96

1.86

4042.68

2.01

RM1

958.07

0.85

1088.29

3.00

6891.34

1.04

819.91

4.13

RM2

562.07

0.99

1765.77

4.24

6710.46

2.19

676.41

0.46

RM3

1021.64

0.70

1315.97

5.58

4624.78

2.34

721.76

2.36

Average

847.26

0.84

1390.01

4.27

6075.52

1.85

739.36

2.31

When the result were compared statistically,
the different values couldn't be eliminated
(the Q test 90 confident level) and there were
no difference between the extraction solvents,

p>0.05). The third method was CUPRAC for
the determination of antioxidant capacity of the
mosses. The results were given in Table 4.
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Table 4. Antioxidant activities of these mosses were tested by CUPRAC spectrophotometric method of chloroform,
ethanol, methanol and water extracts (mg/g)
Chloroform

Ethanol

Methanol

Water

Sample and
(location)*

Mean

RSD

Mean

RSD

Mean

RSD

Mean

RSD

OT1

12.08

1.90

7.74

4.38

4.23

2.00

6.03

4.26

OT2

11.23

3.50

10.42

8.34

9.64

7.49

4.92

2.50

OT3

13.57

4.13

12.57

9.76

4.27

3.88

7.10

5.69

Average

12.29

3.17

10.24

7.49

6.04

4.45

6.01

4.15

ES1

9.78

5.32

5.88

16.31

5.21

5.73

6.36

5.35

ES2

47.93

0.53

20.64

3.52

29.71

5.73

20.74

1.28

ES3

64.60

2.28

28.37

1.99

30.54

6.83

27.77

2.19

Average

40.77

2.71

18.29

7.27

21.82

6.09

18.29

2.94

RM1

11.66

3.62

5.62

5.62

5.16

5.54

6.53

6.97

RM2

22.78

4.08

6.11

6.94

8.15

6.97

5.77

5.83

RM3

18.95

4.43

5.84

6.53

8.52

5.18

10.84

3.12

Average

17.79

4.04

5.85

6.36

7.27

5.89

7.71

5.30

In CUPRAC method, chloroform is the best
solvent for the extraction. Chloroform extracts
of all the species of mosses had higher
antioxiant capactity than the other solvent
extracts. Q test were done for the evaluate the
values.When we look at the
Table 4, the extraction values of E. striatum
collected with Kor26 code in chloroform,
ethanol, methanol and water were found to be
quite low compared to other samples (Kor32
and Kor38). The reason for this may be
attributed to the fact that the cormorant species
of Kor 26 has been collected from a semishaded area, over rock and near the roadside.As
shown in Table 3, the amounts of antioxidants
in the same species of Oxytegus tenuirostris
vary. The difference between the antioxidant
values of the O. tenuirostris species can be
attributed to the collection of the same species
from different heights. The same situation is
seen
in
Eurhynchium
striatum
and
Rhynchostegium murale species.As seen from
Tables 2-4, climate is the most important
ecological factor that determines the bryophyte
types and the basic characters and the
distribution areas of the bryophytes associations. The common effects of the climate
factors such as heat, humidity, rain, and light
have important role in formation of
the bryophyte vegetation of a place. Depending
on these factors, antioxidant amounts in
our species vary both within themselves and

between species. Bryophytes possess strong
antioxidative enzymatic machinery which helps
them to cope up with extreme climates and
stresses (Glime, 2007). Mosses holds good
antioxidant capacity and has high phenolic
content however; significant difference was
also observed in the solvent system used along
with the difference in the antioxidant capacity
in the plant sample collected from different
locations. The maximum antioxidant capacity
was observed by DPPH forthe chloroform
extract of Rhynchostegium murale collected
from Kırklareli, Istranca (Turkey) than other
area, extracts and moss speciemens.
The maximum antioxidant capacity was
observed by TEAC for the methanol extract of
Oxytegus tenuirostris collected from Osmaniye
(Turkey) than other area, extracts and moss
speciemens. The maximum antioxidant
capacity was observed by CUPRAC for the
chlorofom extract of Eurhynchium striatum
collected from Fethiye (Turkey) than other
area, extracts and moss speciemens. Erturk and
his colleagues (2015) was found the phenolic
content of Hypnum lutescens was considerably
higher than H. sericeum. Among the moss
samples, H. sericeum and E. sriatulum showed
nearly the same CUPRAC, FRAP activity, and
resulted
highest
antioxidant
activity,
142.91±0.23 µmol Trolox/100 g sample and
118.12±0.42 µmol Trolox/100 g sample
respectively.
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CONCLUSIONS

reducing capability in the presence of neocuproine:
CUPRAC method. J Agric Food Chem. 52, p. 7970–
7981.
Asakawa Y., 2004. Chemosystematics of the Hepaticae.
Phytochemistry, 65, p. 623-669.
Barros L., Baptista P., Ferreira I.C.F.R., 2007. Effect of
Lactarius piperatus fruiting body maturity stage on
antioxidant activity measured by several biochemical
assays. Food Chem Toxicol. 45, p. 1731-1737.
Crosby M.R., Magill R.E., Allen B., He S., 1999.
Checklist of mosses. Missouri Botanical Gardens, St.
Louis.
Ertürk Ö., Sahın H., Ertürk E.Y., Hotaman H.E., Koz B.,
Özdemr Ö., 2015. The antimicrobial and antioxidant
activities of extracts obtained from some moss
species in Turkey. Herba Pol., 61 (4), p. 52-65.
Frahm J.P., 2004. Recent developments of commercial
products from bryophytes. Bryologist 107, p. 277283.
Glime J.M., 2007. Economic and Ethnic uses of
Bryophytes. In: Flora of North America: North of
Mexico, Flora of North America Editorial
Committee, Oxford University Press, New York, Vol.
27, Part 1,p. 14- 41.
Goffinet B., Buck W.R., 2004. Systematics of The
Bryophyta (mosses): From Molecules to A Revised,
Classification. In: Goffinet B, Hollowell VC &
Magill RE (ed.) Molecular Systematics of
Bryophytes. p. 205–239. St. Louis: Missouri
Botanical Garden Press.
Halliwell B., 1996. Antioxidants in Human Health and
Disease. Annual Review of Nutrition, Vol.16: p. 3350
Hill H., Welsh T., 2006. Using peas in tilapia feed
formulations. Aqua Culture Asia Pacific, 2 (3): p. 3638
Ignatov M.S., Huttunen S., 2002. Brachytheciaceae
(Bryophyta) - family of sibling genera. Arctoa 11, p.
245-296.
Kürschner H., Erdağ A., 2005. Bryophytes of Turkey: an
annotated reference list of the species with synonyms
from the recent literature and an annotated list of
Turkish bryological literature. Turkish Journal of
Botany 29: p. 95-154.
Kürschner H., Frey W., 2011. Liverworts, Mosses and
Hornworts of Southwest Asia (Marchantiophyta,
Bryophyta, Anthocerotophyta). Nova Hedwigia.
Beiheft 139, p. 1-240.
Loliger J., 1991. Use of antioxidants in food, In: Aruoma
OI and Halliwell B, Free Radials and Food Additives.
Taylor and Francis, London, p. 121-150.
Miller N.J., Rice-Evans C.A., 1999. Factors influencing
the antioxidant activity determined by the abts (center
dot+) radical cation assay. Free Radic Res. 26: p.
195-199.
Özdamar K., 2013. Paket Programlar ile İstatistiksel Veri
analizi, Cilt I, Nisan kitapevi, Ankara.
Pejin B., Sabovljević A., Soković M., Glamočlija J.,
Ćirić A., Vujičić M., Sabovljević M., 2012.
Antimicrobial activity of Rhodobryum ontariense.
Hem Ind (Chemical Industry). 66: p. 381-384.

This study presents the results of moss extracts
of Oxytegus tenuirostris, Eurhynchium striatum
W. P. Schimper and Rhynchostegium murale
(Hedw.) Schimp were collected from different
locations of Turkey by chemical composition
antioxidant activities. To the best of our
knowledge, these properties of mosses extracts
have not been previously reported; thus, the
results reported here are preliminary reports on
the properties 3 different extracts of the
mentioned mosses. Most of the extracts
presented significant antioxidant activity in
DPPH*, TEAC and CUPRAC tests. Significant
changes were observed in the antioxidant
quantities of the applied methods, the solvents
used and the species studied according to the
area of collection of the moss samples. Climate
is the most important ecological factor that
determines the bryophyte types and the basic
characters and the distribution areas of the
bryophytes associations. The common effects
of the climate factors such as heat, humidity,
rain, and light have important role in formation
of the bryophyte vegetation of a place.
Depending on these factors, antioxidant
amounts in our species vary both within
themselves and between species.
Naturally occurring antioxidant compounds are
detected and can be obtained purely by working
on the mosses. These compounds can be used
in the pharmaceutical, cosmetic and food
industries. Thus, we can obtain new and more
effective compounds that enhance cellular
defense. Many future studies with mosses may
be promising in the formation, progression and
treatment of many diseases. Oxidative stress,
which is the aging effect, can be suppressed
and the aging process can be slowed down and
a longer and healthier life can be possible. On
the basis of the results, it is suggested that the
extract of three moss species determined here
could be of use as an easily accessible source of
natural antioxidant for the treatment.
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Abstract
Kaolin application became a common treatment in orchards against different pests like psyllid. After kaolin application
a thick powdery layer covers both sides of each leaf. It is a major concern that how much this layer affect light
absorbance of leaves and net plant production, although light interception can be altered by changing spacing, tree
height, tree shape and/or row orientation. In order to investigate the effect of kaolin spray on light extinction coefficient
and radiation use efficiency of pistachio, an experiment conducted on a commercial orchard in khorasan razavi
province. Three concentrations (0%, 3% and 6%) of processed Kaolin particle film sprayed on four varieties (Ohadi,
Sepid, Kalehghoochi and Akbari) of pistachio as a liquid suspension, which evaporates, leaving white colour powdery
film on the surfaces of leaves, stems and fruits. Treatments arranged in a randomized block design with 3 replications.
Imaging softwares used to extract canopy structure and light transmission factor. In this case that we could not
measure total plant production, only dried fruit production of each tree was used to estimate RUE (Radiation Use
Efficiency). The results showed that kaolin film decreased single-leaf light absorbance and increased total light
absorbance of pistachio tree. K, the Light extinction coefficient was not significantly different in different concentration
of kaolin treatments.
Key words: Dry matter accumulation, Light intercept, Net production, RUE.

INTRODUCTION

effects on tomato (Srinivasa Rao, 1985), peanut
(Soundara Rajan et al., 1981), apple (Glenn et
al., 2001) almond and walnuts (Rosati et al.,
2007).
Studied focused on kaolin particle films
application, report that it may decrease single
leaf photosynthesis which is related to the
reduction in light reaching the photosynthetic
apparatus, due to a 20-40% increase in
reflection and decreased absorption (Grange et
al., 2004; Wünsche et al., 2004; Rosati et al.,
2006; Rosati et al., 2007). In contrast to these
findings, Glenn et al. (2003) reported that total
canopy photosynthesis increased.
Wunsche et al. (2004) suggested that this is due
to improved light distribution within the
canopy. Rosati et al. (2007) tested the
relationship between individual-leaf and
canopy photosynthesis in almond and walnut
by means of modeling and they report an
increase in total photosynthesis.
In this study we object to measure effect of
kaolin application on photosynthesis active

Mineral-based particle films have long been
considered as useful crop protectants. From the
1920s through the 1960s many growers and
researchers attempted to apply mineral-based
particle films to a variety of agricultural
production problems (Glenn et al., 1999).
Kaolin (kaolinite) a white aluminosilicate clay,
with fine and porous, non-abrasive particles
disperses easily in water. This inert mineral is
used in the paper, paint and plastic industries,
depending on the processing and characteristics
of the particles (size, dimensions and
brightness). It is also a component of drugs,
toothpaste, cosmetics and alimentary products
(Glenn and Puterka, 2005). Particle film
technology (i.e. spraying canopies with a
suspension of particles of various kinds of clay,
leaving a film on the leaves) has long been
used to limit the impact of water and heat stress
on crops (Rosati et al., 2006).
Different studies on crops showed that using
mineral particle films may have beneficial
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radiation (PAR) absorption by the canopy and
its possible effects on radiation use efficiency.
Radiation attenuates exponentially within a
canopy and is given by
(1)

against LI and the slope of the line will be the
radiation use efficiency (Rosati et al., 2007).
Two major determinants of high productivity in
trees are their ability to produce high levels of
assimilates in the photosynthetic process and to
efficiently partition a high proportion of those
assimilates into economically important organs.
Here we try to the allocation of plant produced
assimilates in fruits, so beside the whole
canopy weight, only fruit weight used in the
LUE calculation formula. Because the pistachio
crop is consumed dried, accumulated dry
weight of fruits at the end of season, used for
calculation of RUE (Radiation use efficiency)
in equations.

Where I and I0, are the total PPFDs
(Photosynthetic Photon Flux Density) at points
below and above the canopy, respectively
(Monsi and Saeki, 1953), k is the direct beam
extinction coefficient and LAI is the
cumulative leaf area index from the top of the
canopy.
(2)

MATERIALS AND METHODS
If k = 1 and LAI = 1, all leaves distributed
randomly in the horizontal plane will intercept
63% of the incident PPFD. Taking the natural
log of both sides in the above equation,
(3)

Plant material: In this study, 4 local pistachio
cultivars ohadi, sepid, kalehghoochi and akbari
selected. Uniform and same aged trees of each
cultivar being sprayed (using agricultural
sprayer) with a 6% suspension of processed
Kaolin particle film. Kaolin suspension spray
repeated during growing season for 2 to 3 times
to keep powder film thickness on plant organs
steady.
Canopy light absorption: The PAR transmitted
by and reflected from the canopy was measured
using a solar active radiation and power meter
for each cultivar and in both kaolin treatments
and controls. For the reflected PAR, the light
bar was held with the sensors orientated
downwards about 2 m above the highest part of
the canopy; for the transmitted PAR, the light
bar was held at ground level, with the sensor
orientated upwards.
Leaf area index calculation: LAI was
calculated using hemispheric photographs
taken by fish-eye lens equipped camera
(Jonckheere et al., 2005). We used the
scientific image processing software, Gap Light
Analyzer (GLA) Version 2.0 developed by
Frazer et al. (1999, 2000), to process and
analyze the digital hemispheric canopy images.
The software extracts canopy structure data
(gap fraction, canopy openness, effective LAI)
and gap light transmission indices based on a
user-specified day of interest. The simplified
radiation model within GLA assumes that when
the sun position is obstructed by the canopy,
the direct radiation is zero, and when

Ln (I/I0) = K.LAI

When Ln (I/I0) was plotted against LAI, the
slope of the straight line, k, is a function of the
orientation of leaves forming the canopy
(Acock, 1991). Plants such as grasses, which
have narrow erect leaves, have a smaller k
value than plants such as eggplant which have
broad horizontal leaves, suggesting that PPFD
penetrates further into a grass canopy than into
a eggplant canopy. A k value of 0.68 for the
upper leaf layer and stem in eggplant canopy
was reported; it decreased to 0.63 with depth in
the canopy. Suggesting the leaf area was less
efficient at intercepting PPFD towards the base
of the canopy. The lowest third leaf layer
absorbed less than 10% PPFD incident
downward on a horizontal plane above the
canopy.
Daily accumulated light interception and the
daily dry matter production can be used to
calculate light use efficiency.
(4) Dry Matter Increase = LUE×LI
Which DM = daily dry matter production
(g/m2), LUE= Light use efficiency constant
(g/MJ), LI = Light energy intercepted by the
crop (MJ/m2). When we measure LI using
PAR-meter tools and dry matter accumulation
in plant, we can plot produced dry matter
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unobstructed, direct radiation is equal to the
above-canopy value (Frazer et al., 1999; Hardy
et al., 2004).
Light Absorbance Coefficient: K the coefficient
of light absorbance (Light absorbance factor),
RUE of all pistachio cultivars in different
kaolin treatments calculated using equation
one.
Radiation use efficiency: RUE of each treated
tree calculated using equation four based on
dry fruit weight production.
Data Analysis: Experimental procedure was a
complete block design with three blocks and
one tree of each pistachio cultivar for each
kaolin treatment. Totally 27 pistachio trees
being treated during experiment.

their LUE is improved at lower light, while
inner-canopy leaves operate more often at low
light and their LUE is improved at higher light
(Hirose and Bazzaz, 1998). Skewing the light
distribution towards inner-canopy leaves, as
kaolin application did (Figure 2), would
therefore result in improved canopy LUE, as
previously found in Almont and Walnut (Rosati
et al., 2007) or Prunus under water stress
(Lampinen et al., 2004).

RESULTS AND DISCUSSIONS
Leaf area data, calculated using Gap light
analyzer showed in Table 1. Only differences
in Akbari cultivar were significant between
kaolin and control and in other studied cultivars
there were no significant differences between
kaolin treatments.
Table 1. Effect of kaolin treatment on LAI, K and LUE
in different pistachio cultivars
Kaolin
Treatment

Cultivar

LAI

K
a

LUE
b

Akbari
1.598 0.609
Ohadi
1.138c 0.876a
Control
Sefid
1.423b 0.669b
Kalehghoochi 1.493b 0.629b
Akbari
1.448b 0.725b
Ohadi
1.076c 0.914a
6%
Sefid
1.361b 0.731b
Kalehghoochi 1.411b 0.744b
Data with different letters in each column have
significant differences (P≤5%)

0.355ab
0.267b
0.400a
0.248b
0.396a
0.378a
0.433a
0.468a

For K, the light extinction coefficient, all
kaolin treated trees have higher levels but they
were not significantly differ from control.
Ohadi in both treatments had the highest K
(Table 1).
Generally, LUE was higher in kaolin treated
pistachios, although differences between kaolin
treatment in Akbari and sepid were not
significant. Light use efficiency of pistachio
cultivars showed significant differences for
Kaleghoochi and Ohadi between kaolin and
control (Table 1, Figure 1). In fact, top-canopy
leaves often operate near light saturation and

Figure 1. Light use efficiency of different pistachio
cultivars (total fruit production basis)
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Soundara Rajan et al., 1981; Srinivasa Rao,
1985; Glenn et al., 2001), despite an apparent
reduction in leaf photosynthesis (Moreshet et
al., 1979; Glenn et al., 2003; Grange et al.,
2004; Wünsche et al., 2004; Rosati et al.,
2006).
CONCLUSIONS
Results of this study showed that greater PPFD
interception was occurred in kaolin treated
pistachio trees, however, K, the light extinction
factor was not significantly changed by kaolin
treatment.
By this increase in PPFD interception, we
expect an increase in LUE and yield. There was
significant increase in some of pistachio
cultivars. Since we only use fruit weight for
LUE calculation, it might be an increase in
other tree parts dry weight as a result of higher
solar energy interception which was not
calculated.

Figure 2. Total and diffuse irradiance in control and
kaolin treated pistachio tree during a day. Y axis is solar
energy (MJ.m-2.day-1)

The most important parameter affected by
kaolin in studied pistachio cultivars, was
diffuse irradiance. For a given daily incident
PAR above the canopy, kaolin application
increased the daily PAR incident on individual
inner-canopy leaves, as measured by the light
meters. Kaolin treatment increased light
reflection of leaves. So, light transmission of
total and diffuse irradiance was lower in kaolin
treated trees. This help tree to intercept more
solar energy, however, their leaves covered by
kaolin and single- leaf solar energy interception
may lower in compare to control. This implies
that a great part of the additional PAR
reflection at the leaf level is re-intercepted and
eventually absorbed within the canopy (Figure
2). These results support the hypothesis that
kaolin application affects canopy light
distribution (Wünsche et al., 2004). Rosati et
al. (2007), reported a 200% increase in innercanopy leaves PAR incidence in almond and
walnut after kaolin application.
In a normal tree, most of the photosynthesis
was occurred in outer-canopy leaves, since
PAR decreases exponentially with canopy
depth. However, most of the leaves in the tree
are actually inner-canopy leaves, which thus
with an increase in PAR incident with kaolin
application, they should began to have higher
amount of photosynthesis. Therefore, total dry
matter production of tree should increase. This
explains the contradiction in the literature of
increased yield with kaolin application
(Stanhill et al., 1976; Moreshet et al., 1979;
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Abstract
Tensile strength is a dynamic property and is sensitive to soil structure because it is related to the presence of air-filled
pores, the occurrence of micro-cracks and the strength of inter-granular bonds within and between micro-cracks.
Moreover, the tensile strength of soil is much affected by the soil water content and processes which change pore
characteristics and/or the cementation between structural units. A friability index has been proposed that is based on
measurements of tensile strength of different sized aggregates. The main objectives of the present paper were to
measure the mechanical properties (tensile strength and friability) of soil aggregates collected from three agricultural
soils, and to explore the relationships between mechanical and basic physical properties of the investigated soils. Soils
used in these investigations can be described as “friable” according to the classification used for friability index, F1,
values. Soil aggregates of the sandy soil from Grădiștea had the smallest values of tensile strength. The highest values
of tensile strength were recorded in case of clayey soil, whereas the loamy soil had values between the sandy and clayey
soils. Increasing organic matter content decreased the values of tensile strength for soil aggregates from all soils. High
values of clay content in case of loamy and clayey soils increased the values of tensile strength. Increasing amount of
clay in sandy soil has been shown to increase the tensile strength of this soil. This may be due to clay particles acting as
cementing materials between large particles. Higher amounts of clay in sandy soils provide more opportunities for
interparticle contact. Small size classes of aggregates presented higher values of tensile strength as compared with
larger size classes of aggregates when the volume dependence method was used. In case of sandy and clayey soils were
found underestimates and respectively overestimates of F2 values. As for the loamy soil, the volume dependence method
(F2) gave similar values when compared to the coefficient of variation method (F1). The coefficient of variation method
is recommended as standard method for measuring soil friability.
Key words: friability index, tensile strength, soil aggregates, aggregate size.

INTRODUCTION

Moreover, the tensile strength of soil is much
affected by the soil water content and processes
which change pore characteristics and/or the
cementation between structural units (Kay and
Dexter, 1992).
A friability index has been proposed that is
based on measurements of tensile strength of
different sized aggregates (Utomo and Dexter,
1981b). Friability, F, is defined as ‘the
tendency of large clods or aggregates to
breakdown and crumble under an applied stress
into a certain size range of smaller fragments
(aggregates)’ (Utomo and Dexter, 1981b). This
property is one of the objectives of tillage
because a friable soil is much easier to till and
large clods are relatively weak whereas the
smaller aggregates are relatively strong and
resistant to further breakdown (Dexter, 1997).

The term “tensile strength”, Y, was defined by
Dexter and Watts (2001) as the stress (force per
unit area) required to breakdown the soil
aggregates.
Tensile strength is an indicator which describes
the minimum force required during seedbed
preparation when large clods are fragmented
without
disturbing
soil
microstructure
(Munkholm and Kay, 2002).
Tensile strength is a dynamic property (Kay
and Dexter, 1992) and is sensitive to soil
structure (Watts and Dexter, 1998) because it is
related to the presence of air-filled pores, the
occurrence of micro-cracks and the strength of
inter-granular bonds within and between microcracks.
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Theory
Determination of aggregate tensile strength, Y,
has been widely applied to characterize the ease
of aggregate fracture in tillage (Munkholm and
Kay, 2002). As it is difficult to measure Y
directly in a direct tension test (Dexter and
Watts, 2001), most authors have used indirect
tension tests to determine Y. For a spherical
aggregate, Y can be determined from the
equation (Dexter and Kroesbergen, 1985):
P
Y q 2
(1)
D
where: q is the proportionality constant, P is the
applied compressive force at breakdown (N),
and D is the effective diameter (m). The
coefficient, q, depends on the relationship
between the compressive and tensile stress in
the centre of the aggregate and has been used
ranging from 0.576 (Braunack et al., 1979) to
1.860 (Dexter, 1988b).
Utomo and Dexter (1981b) proposed the scale
factor between aggregate size and the aggregate
tensile strength as an index of friability, k:
(2)
log e Y  k  log e V  B
3
where: V (m ) is the aggregate volume, and B
(kPa) is the predicted log strength of 1m3 of
soil. The intercept B can be written as:
(3)
B  log e Y0V0k 1  k 
where: Y0 and V0 are the strength and volume
respectively of the basic soil elements, which
comprise the bulk aggregates, and Γ is the
tabulated Gamma function.
Three methods for quantifying friability were
described by Watts and Dexter (1998) and
Dexter and Watts (2001), and are based on the
statistical theory of brittle fracture. Briefly, this
theory can be described by the “weakest link”
concept: the strength of the total solid is
determined by the local strength of the weakest
volume element, in the same way as the
strength of a chain is determined by its weakest
link (Dexter and Watts, 2001). The methods for
quantifying friability are as follows:
1. The first method is based upon the
coefficient of variation of the tensile strength
and is derived from Dexter and Watts (2001,
Eq. 14). Only one size class of soil aggregates
is needed for calculation of friability index
using this method. The index F1, is given by:
σ
σ
F1  Y  Y
(4)
Y Y 2x



where: σ Y is the standard deviation of measured
values of tensile strength, Y is the mean of the
tensile strength measurements and x is the
number of replicates. The second term is the
standard error of the coefficient of variation or
friability.
2. The volume dependence method is based on
Dexter and Watts (2001, Eq. 18), and leads to:
1
(5)
F2 
β
where: β is obtained from the slope of a plot of
1
log eYV   log eV  E
(6)
β
where: YV is the tensile strength of volume V,
and E is the intercept, the value of which is
given in Dexter and Watts (2001, Eq. 18).
Because the aggregate strength is size
dependent, for this method at least 3 – 4 size
classes of aggregates are needed for calculation
of F2.
Chan et al. (1999) found that for an Australian
clayey soil:
F1  2F2
(7)
Dexter and Watts (2001) recommended the first
method as the standard method for measuring
soil friability because it is easy to calculate and
because it requires fewer measurements than
the second method.
The main objectives of the present paper were
to measure the mechanical properties (tensile
strength and friability) of soil aggregates
collected from three agricultural soils, and to
explore the relationships between mechanical
and basic physical properties of the
investigated soils.



MATERIALS AND METHODS
Sample collection and preparation
For soil tensile strength measurements samples
were collected from the field. Two sampling
points were located in Giurgiu county
(Grădiștea, Brăniștari) and one point in
Teleorman county (Drăgănești-Vlașca) so that
three different textured soils were covered,
namely: sandy soil, loamy soil and clayey soil.
At the time of sampling the plots had been
cropped with winter wheat and alfalfa. The
soils were characterized using standard
methods and the results are given in Table 1.
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Soil aggregates from the plough layer were
collected from two depth intervals (5-10 cm
and 15-20 cm), and soil aggregates from the
subsoil were collected from the 35-40 cm depth
interval.

lower plate with the help of a handle. The force
acting across the soil sample is measured by a
load ring.
The force which is applied to the aggregates is
measured by a load-ring of 0-1 kN range placed
between the upper plate and the cross beam of
the loading frame. In this work, 40 replicate
aggregates were measured for each size class,
depth and soil texture.
For the size classes of aggregates smaller than
1 cm a digital balance was inserted into the
loading frame and acted as a load sensor. The
force P (N) applied to the aggregate is the
product of the balance output in kg, and g =
9.807 m s-1, which is the acceleration of gravity
(Dexter and Watts, 2001).
Before crushing the aggregates, the size of each
aggregate was measured by using callipers and
then calculated as described below. To provide
a standard sample orientation, the aggregates
were then placed with the flattest side
downwards on the lower plate as suggested by
Dexter and Watts (2001) so that the aggregates
would be crushed across their shortest axis.
When the load was applied to the aggregate, the
force measured increased up to the point of
breakdown and a vertical crack appeared into
the aggregate when a rapid drop in force was
recorded. The peak force, P (N), at breakdown
was recorded and then used in calculating the
aggregate tensile strength (Y) using Eq. (1) with
q = 0.576 and D was calculated from Eq. (8)
from below.

Table 1. Physical characterization of the soil profiles
Location

Grădiștea

Brăniștari

Drăgănești
- Vlașca

(cm)

Clay
content
(%)

Organic
matter
(%)

Bulk
density
(Mg m-3)

Depth
5-10

11.7

1.55

1.46

15-20

11.2

1.22

1.46

35-40

8.3

0.49

1.39

5-10

28.5

2.71

1.48

15-20

30.1

2.37

1.46

35-40

31.2

1.88

1.45

5-10

36.5

6.39

1.20

15-20

39.0

5.10

1.40

35-40

44.4

3.53

1.41

Texture
class
sandy
loam

clayey
loam

clay

To obtain aggregates of the desired size range,
a set of two sieves was used. The soil mass was
carefully passed through these sieves and the
remained aggregates on each sieve were placed
in airtight containers in order to avoid any
further mechanical disturbance of the
aggregates. After completing this operation
three size classes of aggregates were obtained:
aggregates of diameter larger than 2 cm,
between 1-2 cm, and smaller than 1 cm.
In the laboratory, the soil aggregates were
allowed to air dry at room temperature.
After air-drying the aggregates, an additional
sieving of the aggregates smaller than 1 cm in
diameter was performed so that two more size
classes of aggregates were obtained, namely:
aggregates of diameter between 0.5-1 cm, and
between 0.25-0.5 cm. These two size classes of
aggregates together with aggregates of diameter
larger than 2 cm and between 1 and 2 cm, were
then used for determination of the friability
index (F2) using the second method. In total,
four classes of aggregate sizes were obtained
and subsequently subjected to the crushing
tests.

Measurement of aggregate size
Aggregate diameter (D) had to be estimated
before the aggregates were crushed. For the
size classes of aggregates larger than 1 cm, the
diameter was estimated from “Method 2”
described by Dexter and Watts (2001):

D

D x  D y  Dz

(8)
3
where: Dx, Dy and Dz represent the longest,
intermediate
and
smallest
diameters
respectively of each aggregate. Also the mass
(M) of individual aggregates and the mean
mass ( M ) of the aggregates in the population
were recorded.

Indirect tension tests for measurement of
soil tensile strength
For the size classes of aggregates larger than 1
cm a loading frame was used. The loading
frame consists of two parallel plates between
which the aggregates are crushed by raising the

To determine the friability index F1, a single
size class of aggregates was used, which was
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the size class of aggregates with diameter
between 1 and 2 cm.
For determining the friability index F2, four
size classes of aggregates were used, namely:
aggregates of diameter larger than 2 cm,
between 1-2 cm, 0.5-1 cm, and 0.25-0.5 cm.
In order to obtain the friability index F2, it was
necessary to calculate firstly the effective
density and the effective volume of each
aggregate.

Statistical analysis of the soil mechanical
properties was done by using the OriginLab
software.
RESULTS AND DISCUSSIONS
Aggregate tensile strength and friability
index, F1
The values of tensile strength of aggregates 1-2
cm in diameter and of friability index F1 are
summarized in Table 2. According to the soil
friability classification used by Imhoff et al.
(2002), the soils used in these investigations
may be classified as “friable”. Out of 9
obtained values, 1 was “very friable” and 8
were “friable”. High values of friability (F1)
indicate that the larger clods have lower values
of tensile strength than smaller aggregates and
can be more easily crushed into small strong
fragments. This is of particular interest when
tillage operations are performed in the field
because one of the aims of tillage is to produce
a suitable aggregate-size distribution for an
optimum seedbed with a few passes of tillage
implements (Imhoff et al., 2002).

For each aggregate that was measured from
each size class of aggregates, the effective
density (ρe) was calculated using Dexter and
Watts (2001, Eq. 27, “Method 4”):
6M
(9)
  D13
where: M is the aggregate mass (kg) and D1 is
aggregate size (m) calculated using Eq. (10)
described above and then corrected to the mass
weight of each aggregate separately from the
following equation:

e 

13

M 
D1  D   
(10)
M 
where the terms D, M and M are as described
above.

Table 2. Mean values of tensile strength and friability
index, F1

Then, for each depth at the three locations, the
mean effective density (  e ) was calculated.
To obtain the effective aggregate volume (V),
firstly the effective diameter (D2) for each
aggregate separately was calculated, using from
Dexter and Watts (2001, Eq. 29, “Method 5”):

Location

Grădiștea

13

6 M 
(11)
D2  

  e 
where the terms in this equation are as
described above, and secondly, the effective
aggregate volume (V) was calculated using
V    D23 6 , which is the same as:
M
V 
(12)
ρ
For each aggregate size class, the mean
aggregate volume ( V ) for each depth at each of
the three locations was calculated.

Brăniștari

Drăgănești
- Vlașca

Depth

Tensile strength

Friability
index

(cm)

Y (kPa)

5-10

50.07

± s.d.
(kPa)
25.13

15-20

121.04

59.16

0.498

35-40

160.86

80.68

0.490

5-10

75.39

21.54

0.285

15-20

206.65

67.31

0.326

35-40

252.54

91.63

0.363

5-10

156.77

35.41

0.226

15-20

238.15

58.61

0.247

35-40

281.03

72.09

0.257

F1
0.504

From mean aggregate tensile strength ( Y ) for
each of the three soil textures and for the
sampling depths (Figure 1) it can be seen that
the aggregates collected from sandy soil were
weakest, followed by the aggregates from
loamy and clayey soils respectively.
Analysis of variance showed that there are
statistically significant differences between the
soil profiles at the 95% confidence level (F-

Quantification of soil friability
The methods for quantifying friability, F,
which were used in this paper, were described
in the Introduction section.
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Ratio = 96.86; P-Value = 1.79745E-13) when
the depth was taken as factor of influence.

Figure 2. Effect of organic matter on tensile strength

The tensile strength of air-dry soil aggregates is
shown in Figure 3 to be highly correlated with
the clay content (Guérif, 1990) in the case of
loamy and clayey soils and less correlated for
the sandy soil. The regression lines are given
by the following equations:
- for sandy soil:
Y = 297.16 – 17.95 C
r2 = 0.32
(±103.47) (±9.84)
p = 0.111
- for loamy soil:
Y = -1125.60 + 43.51 C
r2 = 0.64
(±369.63) (±12.32)
p = 0.0096
- for clayey soil:
Y = -320.87 + 13.67 C
r2 = 0.75
(±120.87) (±3.01)
p = 0.0027

Figure 1. Variation of the tensile strength with depth

A similar trend of the soil tensile strength
values was obtained by Vizitiu et al. (2010) for
Polish soils. Also the average values of the
tensile strength were higher in the deeper layers
of the soil profiles when compared to the
topsoil layers.
The influence of organic matter and clay
content on the tensile strength values was
assessed through simple analysis using linear
regressions. In Figures 2 and 3 are shown the
variation in tensile strength as a function of
organic matter and clay content. The regression
lines which are drawn in Figure 2 can be
described by the following equations:
- for sandy soil:
Y = 213.58 – 94.81 OM
r2 = 0.70
(±27.74) (±23.54)
p = 0.005
- for loamy soil:
Y = 605.18 – 184.05 OM
r2 = 0.78
(±86.76) (±36.95)
p = 0.002
- for clayey soil:
Y = 427.89 – 40.47 OM
r2 = 0.83
(±35.42) (±6.88)
p = 0.0006

Figure 3. Effect of clay content on tensile strength

Increasing amount of clay in sandy soil has
determined an increase of the soil tensile
strength values (Figure 3). This may be due to
clay particles acting as cementing materials
between large particles, high amounts of clay
providing more opportunities for interparticle
contact and also adsorb more water, causing
higher tensions in soil water at a specific water
content (Kemper et al., 1987). Dispersion of
cementing materials (e.g. clay) can cause
migration of those to lower energy positions,
and the greatest effect on tensile strength is
recorded when the bonding occurs at contact

The three investigated soils showed a
statistically significant decrease of the tensile
strength as a function of organic matter content,
the most obvious decrease being recorded for
clayey soil. Some researchers found a positive
correlation between tensile strength and organic
matter (Bartoli et al., 1992; Imhoff et al., 2002),
whereas others found no correlation (Watts and
Dexter, 1998) or negative correlation (Guérif,
1990; Watts and Dexter, 1997).
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points within or at the ends of microcracks
(Kay and Dexter, 1992).
Friability index, F2
In Table 3 are presented the values of friability
index, F2, and Figure 4 a, b and c show some
examples of the volume dependence of the
tensile strength.
As expected from the work of Dexter and
Watts (2001), the values of friability index, F2,
obtained using Eqs. (5) and (6) from the
volume dependence method described in the
introduction section, are smaller than the values
of friability index, F1, obtained using Eq. (4)
from the coefficient of variation method.

a) sandy soil

Table 3. Values of friability index, F2
Location

Grădiștea

Brăniștari

Drăgănești
- Vlașca

Depth

Friability index

(cm)

F2

Ratio between
F1/F2

5-10

0.314

1.60

15-20

0.217

2.29

35-40

0.202

2.43

5-10

0.370

0.77

15-20

0.289

1.13

35-40

0.291

1.25

5-10

0.335

0.68

15-20

0.286

0.86

35-40

0.381

0.68

b) loamy soil

Measurement of the tensile strength of soil
aggregates as functions of volume is based on
the assumption that small aggregates are
fragments of larger aggregates (Watts and
Dexter, 1998).
It is desirable that the material of the smaller
aggregates, which initially comprised the larger
clods, has a relatively greater strength than that
of the larger clods, otherwise, the soil mass
could break down into individual mineral
particles or dust (Utomo and Dexter, 1981).
Statistical analysis of the friability (F2) results
showed that F2 was not correlated with organic
matter content and clay content.
One possible explanation could be that soil
aggregates of different size may have been
formed by different mechanisms (Dexter,
1988b), may be of different ages, and may have
weathered differently (Watts and Dexter,
1998), and these can affect the subsequent
strength behavior of the aggregates.

c) clayey soil
Figure 4. Plots of aggregate tensile strength
as a function of volume for the topsoil layer of:
a) sandy soil; b) loamy soil; c) clayey soil

Amongst the main factors which can affect
friability index, F2, is the water content. Utomo
and Dexter (1981) found maximum friability at
around the soil plastic limit when assessed the
friability using the volume dependence method.
Similar
results
were
reported
by
Shanmuganathan and Oades (1982), Munkholm
and Kay (2002) and Munkholm et al. (2002).
In these investigations, we looked also for a
correlation between F1 and F2, and the results
are shown in Figure 5. The regression line in
Figure 5 show a small linear correlation
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between F1 and F2, and the equation of
regression is as follows:
F1 = 0.67 - 1.115 F2
r2 = 0.45
(±0.076) (±0.251)
p = 0.0002

Soils used in these investigations can be
described as “friable” according to the
classification used for F1 values.
Soil aggregates of the sandy soil from
Grădiștea had the smallest values of tensile
strength. The highest values of tensile strength
were recorded in case of clayey soil, whereas
the loamy soil had values between the sandy
and clayey soils.
Increasing organic matter content decreased the
values of tensile strength for soil aggregates
from all soils.
High values of clay content in case of loamy
and clayey soils increased the values of tensile
strength.
Increasing amount of clay in sandy soil has
been shown to increase the tensile strength of
this soil. This may be due to clay particles
acting as cementing materials between large
particles. Higher amounts of clay in sandy soils
provide more opportunities for interparticle
contact.
Small size classes of aggregates presented
higher values of tensile strength as compared
with larger size classes of aggregates when the
volume dependence method was used.
In case of sandy and clayey soils were found
underestimates and respectively overestimates
of F2 values. As for the loamy soil, the volume
dependence method (F2) gave similar values
when compared to the coefficient of variation
method (F1).
The coefficient of variation method (F1) is
recommended as standard method for
measuring soil friability.

When the results for each soil profile were
compared separately, these have shown
different trends. Whereas for the sandy and
clayey soils were found underestimates and
respectively overestimates of F2 values, for the
other loamy soil the volume dependence
method (F2) gave similar values when
compared to the coefficient of variation method
(F1). The ratio F1/F2 is as follows: 2.11 for the
sandy soil, 1.05 for the loamy soil and
respectively 0.74 for the clayey soil.

Figure 5. Plot of friability indices (F1 and F3) as
measured by two different methods.

Dexter and Watts (2001) suggested that at least
two factors contribute to the finding that F1 is
always larger than F2. The first factor which
they mention is that some variability of the
force, P, for sample breakdown, is due to
differences in the shape of individual soil
aggregates.
The second factor mentioned by Dexter and
Watts (2001) is that, for natural aggregates,
some of the flaws or micro-cracks are not very
small when compared with the sample size, and
this negates one of the main assumptions of the
weakest link theory of soil strength.
Therefore, it was recommended (Watts and
Dexter, 1998; Dexter and Watts, 2001) that the
coefficient of variation method can be used as a
standard method for describing soil friability
(F1) because it is easy to calculate, because it
can be related to the principal parameter, 1/α,
of brittle fracture theory, and because it
requires fewer measurements than the second
method (F2).
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Abstract
Using organic or inorganic amendments to immobilize the heavy metals in soils is a cost-effective remediation
technique for contaminated soils. The aim of study was to assess the efficiency of 4 amendments to immobilize cadmium
(Cd), copper (Cu), lead (Pb) and zinc (Zn) in soil and reduce their phyto availabilty. An experimental field was set-up in
Copșa Mica area and four amendments were applied: Na-bentonite, dolomite, natural zeolite and manure. Following
the application of the amendments, a mix of perennial grasses and straw cereals, belonging to the family of Gramineae,
were sown. The efficiency of in situ immobilization of heavy metals was assessed using DTPA extraction of metals and
plant uptake. All treatments produced significant increases of pH values in soil. The mean soil pH of the control plots
was 5.18. Comparing the effects of treatments on soil reaction, the best results were observed after applications of
bentonite or dolomite. The highest mean value of pH was measured in plots treated with Na-bentonite (pH 7.16). The
bioavailability of metals is related to soil pH. Therefore the effects of treatments on pH are reflected on metals
bioavailability assessed by DTPA-extractable metal fractions. All amendments caused a reduction of heavy metal (Cu,
Cd, Pb or Zn) mobility compared to the control but the magnitude of effects depends on metal and amendment. For
copper and zinc, addition of Na-bentonite reduces statistically significant the mobile forms in soil from 13.6 mg·kg-1 Cu
(control) to 9.4 mg·kg-1 Cu and from 327 mg·kg-1 Zn (control) to 143 mg·kg-1 Zn.
By using the natural zeolite the values of heavy metal contents in mobile forms in soil decreased significantly
comparing with control. The results demonstrate the high potential of studied amendments for immobilization of heavy
metals in contaminated agricultural soils.
Key words: amendments, bioavailability, contaminated soils, heavy metals, immobilization.

public awareness regarding the consequences
of contaminated lands, the research and
academic community focused on the
development of cost effective and socially
acceptable soil remediation techniques.
Immobilization of heavy metals is a promising
in-situ alternative to the traditional remediation
methods for the reduction of the environmental
health risks poses by heavy metals
contaminated sites.
The principle involved in the immobilization
methods is to remove the metal from soil
solution
either
through
adsorption,
complexation and precipitation reactions and
convert into the metal unavailable for human
and plant uptake and leaching to groundwater
(Adriano et al., 2004; Boisson at al., 1999).

INTRODUCTION
Some of traditional clean-up methods are very
expensive and, at the same time, often not
environmentally friendly. According with
conclusion of technical report from GWRTAC
(1997)general approaches to remediation of
metal-contaminated soils include: isolation,
immobilization, toxicity reduction, physical
separation and extraction. These approaches
can be used for many types of contaminants but
the specific technology selected for treatment
of a metals-contaminated site will depend on
the form of the contamination and other sitespecific characteristics (Sitarz-Palczak and
Kalembkiewicz, 2012; Mench et al., 2003;
Houben et al., 2012). Due to the increase in
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The main goal of the amendment’s
incorporation into contaminated soils is to
reduce the bioavailability and toxicity of
metals, based on increasing the soil pH (and
thus decreasing the metal mobility) and/or
enhance metal sorption by increasing the
number
of
specific
sorption
sites.
Immobilization of metals is an enticing option
to reclaim the contaminated soils due to its
simplicity
and
effectiveness,
in
situ
applicability and low cost (Houben et al., 2012;
Shaheen et al., 2015). Thus, significant efforts
have been made to assess different potentially
effective amendments to remediate the heavy
metals contaminated soils (eg. Lee et al., 2011;
Basta and McGowen, 2004; Lombi et al., 2004;
Gonzales-Nunez et al., 2015) and a large
number of soil amendments have been
investigated including natural zeolites (Ulmanu
et al., 2006; Vrînceanu et al., 2008), bentonite
(Vrînceanu et al., 2008), dolomite (Trakal et
al., 2011), lime (Vrînceanu et al., 2010) and
organic amendments (Friesl et al., 2006;
Hamidpour et al., 2016).
These materials have proven to be efficient for
metal immobilization in soils and, at the same
time, they are not expensive and widely
available (Bolan et al., 2014).
Many soil extraction tests have been developed
to assess the bioavailability of metals in soil.
The extractions such as the DTPA-TEA
method have been found to be more reliable in
predicting the plant availability of metals
(Bolan et al., 2014).
The main objective of the present study was to
test the effectiveness of different amendments
to reduce the entry of metals into the food
chain in order to limit the negative impact of
metals contamination of soil.
The immobilization treatments will convert the
heavy metals into a less mobile form in the
soil.
Effectiveness of treatment is assessed using the
changes of heavy metals bioavailability and
metal accumulation in plant grown on treated
soils.

of amendments used for in-situ remediation of
heavy metal contaminated soils. The
experiment was carried out in a Randomized
Complete Blocks Design (RCBD) with 20
experimental plots organized in 4 blocks. Four
amendments were applied: Na-bentonite,
dolomite, manure and natural zeolite. Also the
experimental field has included 4 control plots
(without treatment). The following rates were
applied: 90 t/ha of Na-bentonite, 50 t/ha of
dolomite, 90 t/ha natural zeolite and 45 t/ha of
manure dry matter (Figure 1).
The Na-bentonite was purchased from
SC Bega Minerale Industriale SA, Gurasada.
(grain size 0.16 mm, pH 9.79). The dolomite is
a double carbonate of calcium and magnesium
(commercial name DEL-CA-MAG) and was
provided by SC ExploatareaMinieraHarghita
SA from Delnita, Harghita County, Romania.
The chemical characteristics indicated a highly
alkaline reaction (pH 10.24) and high contents
of CaO (max 32.2%) and MgO (max 20.3%).
The natural zeolite was purchased from
SC Zeolites Production SA, Rupea Brasov (pH
9.25, CEC 217 meq/100 g). The studied zeolite
was composed mainly of clinoptilolite (90%).
The manure was provided by o small dairy
farm from case study area (pH 8.97).
One composite soil sample (9 subsamples) was
collected from each plot in September 2016.
The soil samples were collected from
0-20 cm layer.
From each plot were collected plant samples
consisting of a mixture of all plants from plot
area. The soil samples were air-dried, crushed,
and passed through a 2 mm sieve prior to the
chemical analysis. Soil pH was measured using
potentiometric method (1:2.5 w/v, soil: water).
DTPA-extractable heavy metals were extracted
from soil (10 g) with 20 ml of extracting
solution (0.05 M DTPA, 0.01 M CaCl2 and 0.1
M tetraethylammonium adjusted to pH 7.3),
according to SR ISO 14870:2002.
DTPA-extracted samples were analyzed for
their heavy metal content by means of flame
AA Spectrometer GBC Avanta 932AA.
The plant samples were washed with tap-water
first and then with deionized water in order to
remove the soil particles. Afterwards the
washed samples were dried (60°C, 72 h),
grounded and then were digested with nitric
acid in a microwave digestion system. The

MATERIALS AND METHODS
In 2015, an experimental field was set-up in
Copsa Mica area- Case study for RECARE
project. The objective was to study the effects
228

the tables and figures referred to the mean
values of these three replicates.
Statistical analyses to compare the average
results of the different treatments were
performed using one-way analysis of variance
(ANOVA).
Paired comparisons between the treatments and
control were carried out using Tukey’s
honestly significant difference (HSD) test.

metal content was measured using a flame
atomic absorption spectrometry.
The inorganic additives (Na-bentonite, dolomite
and natural zeolite) and manure were analysed
in order to determine the metal content (Cd,
Cu, Pb and Zn) using atomic absorption
spectrometry (flame or graphite furnace).
All the chemical determinations analyses were
performed in triplicate, and the data reported in

800 m

1m

Block 4

2m

2m

Block 1

Block 2

13 m

Block 3

1m

16 m
Non amended (control)
1m

Na-bentonite (90 t/ha)

Dolomite (50 t/ha)

Natural zeolite (90 t/ha)

Manure (45 t D.M./ha)

sampling point

soil subsamples colecting for compositing
into one sample for analysis

Figure 1. Experimental design amendment addition used for immobilization of heavy metal in contaminated soil

RESULTS AND DISCUSSIONS

treatments induced a significant increase of pH
value (p˂0.05). The strong alkaline reaction of
Na-bentonite applied induced a significant
increase of soil pH. The highest mean value of

The mean soil pH value of the control plots
was 5.18. Compared to the control, all
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pH was measured in plots treated with Nabentonite (pH 7.16).
Also a significant increasing of pH values was
noticed for soil treated with dolomite (pH 6.90)
comparing with control (pH 5.18) and soil
treated with manure (pH 5.92) and natural
zeolite (pH 6.02). Compared to control, the
addition of manure and natural zeolite
increased statistically significant the pH value
of soil but without significant differences
between these treatments (Figure 2).
It is known that the pH is one of the key
parameters governing the behaviour of metals
in soils. Increasing the pH induces metal
immobilization through different processes like
selective sorption or the precipitation of metals
as oxides, hydroxides, carbonates and
phosphates (Naidu et al., 1994; Gomes et al.,
2001; Shaheen et al., 2015).
The bioavailability of metals is related to soil
pH. Therefore the effects of treatments on pH
are reflected on metals bioavailability assessed
by DTPA-extractable metal fractions.
Precipitation and increased sorption are the
main mechanisms identified as responsible by
retention of metals in soils treated with alkaline
materials (Lee et al., 2009; Houben et al.,
2012). In our experiments addition of Nabentonite and dolomite increased significantly
the soil pH this explain why it lowered the
concentrations of Cd, Zn, Cu and Pb in mobile
forms in soil. The addition of 90 t/ha Nabentonite reduce statistically significant the
mobile forms in soil from 13.6 mg∙kg-1 Cu
(control) to 9.4 mg∙kg-1 Cu and from,
327 mg∙kg-1 (control) to and 143 mg∙kg-1 Zn.
Contents of Cd and Pb as mobile forms in soils
decreased statistically significant (p˂0.05) after
addition of 50 t/ha dolomite from 10.5 mg∙kg-1
Cd (control) to 8.5 mg∙kg-1 Cd and from
163 mg∙kg-1 Pb (control) to134 mg∙kg-1Pb
(treated soil). By using the natural zeolites
(90 t/ha) the values of heavy metal contents in
mobile forms from soil decreased significantly
comparing with control, without significant
effects on metal concentration in plants grown
on treated soils. Comparing with application of
Na-bentonite or dolomite the addition of

natural zeolites was less effective in reducing
the metal bioavailability.
Lepp (1998) quoted by Hamidpour et al. (2016)
demonstrated that the addition of zeolites in
contaminated soils reduced the waterextractable metal ion concentrations and
improved the plant growth.
Addition of manure, collected from a local
farm, had no influence on bioavailability of
studied metals. The reason of this could be the
high contents of heavy metals in this
amendment (1.59 mg∙kg-1 Cd, 128 mg∙kg-1 Cu,
156 mg∙kg-1Pb, 920 mg∙kg-1 Zn). Another
reason could be the chemical extractant used to
assess the bioavailability, because 0.05 M
DTPA in buffered solution of CaCl2 and TEA
(pH 7.3) is more effective in removing soluble
metal-organic complexes. However, some
studies have strongly correlated DTPAextractable metals to plant-available metals
(Hamidpour et al., 2016).
Compared to control the values of metals (Cd,
Cu, Zn and Pb) contents in mobile forms
decreased after treatment with 45t/ha manure
but without statistically significance. The
highest reducing was noticed for Zn. After
application of manure the mean value of Zn
content in mobile forms decreased from
327 mg∙kg-1 Zn (control) to 290 mg∙kg-1 Zn
(Figure 2).
The average contents of Cd, Cu, Pb and Zn in
plants grown in the untreated soil (control)
were: 10.7 mg∙kg-1 DW Cd, 13.8 mg∙kg-1 DW
Cu, 11.6 mg∙kg-1 DW Pb, 392 mg∙kg-1 DW Zn.
Compared to the control, the contents of Cd
and Cu decreased statistically significant
(p˂0.05) to 8.4 mg∙kg-1 DW Cd and
7.2 mg∙kg-1 DW Cu in plants grown in soil
treated with Na-bentonite (90 t/ha).
There are no statistical significant effects on
lead and zinc accumulation in biomass
(Figure 2).
The highest decrease of zinc content in plant
was noticed after Na-bentonite application. The
mean value of zinc content in plants grown in
soil treated with 90 t/ha Na-bentonite was
67.3% of mean value of zinc content in control
plant.
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Figure 2. Effects of immobilization amendments on pH values, DTPA-extractable metal content
and metal content in plant biomass
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There are slightly correlations between Zn
concentration in grass plant and DTPAextractable Zn content in the manure amended
soils but Cu and Pb concentrations of grass
were not correlated with DTPA-extractable
content of the metals in soil.
This behaviour indicates that the effectiveness
of DTPA extraction, as a measure of metal
bioavailability, depends on the nature of the
metal.
Unlike single extraction, sequential extraction
offers information about mobile and residual
fraction of metal in soil allowing a better
correlation with data related to transfer metals
in the plant.
The Table 1 summarized the effects of amendment’s application on soil and indicates that the
two metals transfer pathways considered are
differently affected.

The same trend was noticed by Houben et al.
(2012) for the plant of white lupin grown in the
contaminated soil treated with bentonite.
The lowest content of lead (9.3 mg∙kg-1 DW)
was noticed in plant grown in soil treated with
dolomite (50 t/ha). This mean value of lead
content is 80.1% of mean value of lead content
in control plants (Figure 2).
The reason of this could be the high contents of
metals in this amendment (1.59 mg∙kg-1 Cd,
128 mg∙kg-1 Cu, 156 mg∙kg-1Pb, 920 mg∙kg-1
Zn). Another reason could be the chemical
extractant used to assess the bioavailability,
because 0.05 M DTPA in buffered solution of
CaCl2 and TEA (pH 7.3) is more effective in
removing soluble metal-organic complexes.
However, some studies have strongly
correlated DTPA-extractable metals to plantavailable metals (Hamidpour et al., 2016).

Table 1. Overview of significant effects of treatments on metal bioavailability in soil
and metal accumulation in biomass grown on treated soils

Treatment

Heavy metals bioavailability

Heavy metals accumulation in plant

Cd

Cu

Pb

Zn

Cd

Cu

Pb

Zn

Na-bentonite (90 t/ha)

+++

++

++

+++

=

+++

=

=

Dolomite (50 t/ha)

+++

++

++

+++

=

+++

=

=

Natural zeolite (90 t/ha)

++

+

+

++

=

+

=

=

Manure (45 t D.M./ha)

=

=

=

=

=

+++

=

=

=

Non-significant effect ( p > 0.05 )

+

Significant effect ( 0.01 < p  0.05 )

++
+++

Very significant effect ( 0.001 < p  0.01 )
Extremely significant effect ( p  0.001 )

Additions of some amendments like manure or
natural zeolite, tested for immobilization of
heavy metals improved the soil fertility.
Natural zeolites are recognized as a source of
available potassium. The input of organic

matter and nutrients like P and K would
promote plant growth. Reducing the metal
toxicity and improving the soil fertility lead to
development of a consistent vegetation cover
(Figure 3).
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a

b

c

d

e

f

Figure 3. Images from the experimental field (september, 2016): (a) the experimental site just after the
first sampling of soil and plants; ground cover vegetation in a control (non-amended) plot
(b) and some experimental plots amended with dolomite (c), natural zeolite (d); bentonite (e) and manure (f)

CONCLUSIONS

and due to pH effects (dolomite). Organic
amendments like farm manure decreased the
metal bioavailability in soil due to its high
content of organic matter, able to bind the
metals as metal-organic complexes.
Although soil amendments significantly reduce
the bioavailability of metals this reduction is
not enough to produce food or fodder.
The repeated application may be necessary and
the effectiveness is highly dependent on soil
conditions and has to be monitored.
Also, the further investigations on the long-run
are important to examine the positive but
potential
transitory
effects
of
these
amendments.

Our study aimed at simultaneously investigating the effects of four amendments on
bioavailability and accumulation in plants of
Cu, Cd, Pb and Zn. The studied metals do not
react similarly to the same amendments and
this conclusion highlights the difficulty in
selection of suitable amendments for every
metal in contaminated soil.
Inorganic amendments are effective in
decreasing the metal bioavailability (assessed
by single extraction with 0.05 M DTPA) due to
increasing the number of binding sites for
heavy metals (bentonite and natural zeolite)
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Abstract
Rabies is a fatal zoonotic viral disease produced by a Lyssavirus and is causing more than 70,000 human deaths each
year. Due to the fatality of the disease and in the absence of the specific treatment, vaccination and immunization are
the most important methods to fight against rabies. The aim of this study was to evaluate the epidemiological situation
of rabies in Prahova County during 2010-2015. During this period in Prahova county from total number of population
0.25%, (n=6513) out of women, respectively 0.28% (n=6739) out of man were immunized against Rabies. 0.32%
(n=8324) out of urban population and 0.20% (n=4928) of rural population were immunized against Rabies.
In 2010-2015, 63 animals, 51 wild (81%) and 12 domestic (19%) were find positive to Fluorescent Antibody Test (FAT)
for Rabies (5 dogs, 6 cats, 1 bear, 1 cattle and 50 fox). Taking into account the number of positive cases in animals as
well as the risk of diseases in human population it is strongly recommended to use procedures in place of vaccination
for persons who have come into contact with the animal potentially infected with rabies virus.
Key words: rabies, epidemiology, Prahova, 2010-2015.

INTRODUCTION

MATERIALS AND METHODS

Rabies is a Central Nervous System zoonotic
disease, with the causative agent Rabies virus,
distributed worldwide and generally is found in
terrestrial mammals and causes between 37.000
and 87.000 human deaths annually (Virus
taxonomy 9th report, 2012; WHO Expert
Consultation on Rabies second report, 2013;
Schell, 2010; Vuta et al., 2016). In Europe
canine rabies has been eradicated from by
control measures such as dog movement
restriction and mass vaccination and now the
major reservoir of rabies was replaced by red
fox (Vulpes vulpes) (Cliquet, 2015;Vuta, 2016).
A co-financed by the EU and the Romanian
state budget oral vaccination trial of foxes has
been conducted in 16 counties from the western
part of Romania in spring and autumn 2011
(Vuta, 2016). The purpose of our study was to
assess the epidemiological profile of Rabies in
Prahova County during 2010-2015, due to the
following reasons: rabies is a fatal zoonotic
disease and the risk is still present.

Data collection
The analysis of the epidemiological situation of
Rabies in Prahova County was based on
information from National Reference Laboratory for rabies and Prahova County Sanitary
Veterinary Laboratory.
The data of patients were collected from data
base of Vaccination Center against Rabies of
the County Infectious Diseases Emergency
Hospital in Ploiesti, Prahova County.
The next parameters were collected: age,
gender, aggressor animal, date of contact and
date of starting prophylaxis.
During 2010-2015 in Prahova County, there
was no reported any case of human rabies.
Statistical analysis and spatial distribution
Statistical analyses were performed using
Graph Pad Prism version 6.01 software.
For spatial distribution, we have used QGIS
2.18 software.
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RESULTS AND DISCUSSIONS
Rabies cases in animals
During the analyzed period (2010-2015), the
natural reservoir of rabies virus in Prahova
County was identified in wild animals 81%
(n=51) in comparison with domestic animals,
19% (n=12). The spatial distribution of diagnosed species and number of animals per year
are shown in Figures 1 and 2. The number of
positive cases is decreasing, in 2015 only 2
positive foxes were find, due to the oral rabies
vaccination program of foxes implemented in
Romania since 2011.
The pets and the farm animals have been involved in most of the cases of aggression, 99%
(n=13124), in comparison with wild animals,
1% (n=126). The distribution per year and per
species is shown in Figure 3, as well as, Figure
4 for dog and cat distribution along 2010-2015.

Figure 2. Numbers and species of rabies positive
animals per year

Out of 2547421 women, 6513 were immunized
(0.25%), as well as out of 2396875 total
number of men, 6738 (0.28%) got immune
prophylaxis (Figure 5).

Registration of people exposed to suspected
animals
The total population of Prahova County,
according to General population and housing
census was 4944296 persons, 51.5% female
(n=2547421) and 48.5% (n=2396875) male.
The total population living in urban and rural
areas was 2538548 (51.3%), respectively
2405748 (48.7%) (National Institute of
Statistics). None of the patients got rabies preexposure prophylaxis. The prescribed schedule
of immune prophylaxis was performed according to WHO recommendations and protocols
(WHO Expert Consultation on Rabies second
report, 2013).

Figure 3. The numbers and species of animals
involved in human aggression during 2010-2015.
A-2010; B-2011; C-2012; D-2013; E-2014; F-2015

Figure 1. Spatial distribution of rabies cases in animals
during 2010-2015, PrahovaCounty. A-2010; B-2011;
C-2012; D-2013; E-2014; F-2015

Figure 4. The number of dogs (A) and cats
(B) involved in human aggression 2010-2015
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There is no relevant difference between number
of immunized people divided by gender (Figure
6-A). Regarding urban and rural area, out of
2538548 people living in cities, 8324 were
immunized (0.32%) and 4928 (0.2%) persons
from 2405748 total number of people from
villages were immunized too (Figure 7). The
temporal distribution of immunized people
from urban and rural areas is shown on figure
6-B and indicate a big difference between these
two categories.

Figure 7. A-number of immunized people from urban
areas reported to the total number of people from these
regions. B-number of immunized people from rural
areas reported to the total number of population from
these regions

CONCLUSIONS
The main reservoir of rabies virus in Prahova
County, as it is in Romania and even Europe, is
fox.
The number of positive cases dramatically
decreases in 2015.
The highest number of assaults on human
population is made by dogs.
The rabies post-exposure treatment for person
exposed to potentially rabid animals is strongly
recommended, according to the presence of
rabies virus in the studied area.
The program of oral vaccination of foxes has to
continue, based on the decreasing number of
positive rabies cases in 2015.
There is an obvious need to educate the people
from rural areas about the fatal risk of rabies by
different ways such as: rural physicians,
schools, local administration.

Figure 5. A-number of immunized women reported to
total number of women. B-number of men reported to
the total number of men
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