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Preface

In recent decades, the challenges for agriculture have multiplied and intensified. New issues of 
environmental protection, biodiversity, soil and species conservation, water quality, food safety, animal
welfare, bioenergy, demographic pressure, globalization and competitiveness, new advances in science
and technology affect the structure of the agricultural sector. 

Being aware that the configuration of tomorrow’s agricultural systems depends upon the ability to 
address these issues, the University of Agronomic Sciences and Veterinary Medicine of Bucharest has
decided to publish the biannual AgroLife Scientific Journal, in order to stimulate the discourse of the
agricultural scientific community and inspire the latter to actively participate in the creation of global
knowledge.

Within this dynamic and complex environment, the AgroLife Scientific Journal will focus on integrative
approaches, contributing to the gradual passage of agricultural research from a disciplinary to a more
complex approach connected to life and social sciences. It aims to publish print and online versions
of peer reviewed original papers, high-quality critical reviews and short communications from all the
subfields of agricultural sciences, with special attention to multi and interdisciplinary approaches.
The Journal addresses researchers in agriculture, food, environment, biology, resources management,
teachers, students and decision-making specialists who want to contribute to the creation and sharing
of new ideas and knowledge. 

The first issue of the AgroLife Scientific Journal appears not only in a time of great challenges for
agriculture but also at a moment of balance for the University of Agronomic Sciences and Veterinary
Medicine of Bucharest – the celebration of 160 years of Romanian agronomic education. Therefore,
this issue includes valuable contributions of researchers from prestigious research and academic 
institutions, keynote speakers at the UASVM of Bucharest anniversary conference “Agriculture for Life,
Life for Agriculture”. From new specific methods and technologies - Alternative Protein Bio-Resources,
or Encapsulation: Promising Technology Plant Tissue Laboratories - to broader and deeper questioning
of People, Planet, Prosperity, the Food Chain and Decent Regulations, and considering alternative
ways of strengthening knowledge -Prior Experiential Learning, all these contributions are scientific
outstanding results.

We hope that you will find this journey challenging through the topics we propose and we invite you
all to join the reflection for our future issues. 

General Editor: Prof. PhD Sorin Mihai CÎMPEANU

Executive Editor: Conf. PhD Gina FÎNTÎNERU





PEOPLE, PLANET, PROSPERITY, THE FOOD CHAIN AND DECENT 
REGULATIONS 
 
Huub LELIEVELD 

GHI Association, c/o Dept. Food Science & Technology, Universität für Bodenkultur, Muthgasse 
18, 1190 Wien, Austria. Phone: +31 30 22 53 896, Fax: +31 84 74 68 555, E-mail: 
huub.lelieveld@globalharmonization.net 
 
Corresponding author e-mail: huub.lelieveld@globalharmonization.net 
 
Abstract 
 
The world has over 7 billion people and they all want to be happy, having enough to eat, have families and prosper. For 
numerous reasons, when the numbers were much lower and this would have been possible, it did not happen. There has 
always been a big gap between the fortunate (relatively) few and those living in poverty. Now that it might become 
possible, it looks very much like the planet cannot sustain these numbers. The gap is still there, possibly even increasing 
and hunger is rising, not diminishing. To attend to the wealthy part of the world, the food chain has become absurd, 
often involving the transport of raw materials from the most distant places to processing plants and then pack the 
product to be transported back to the most distant places again. Food safety regulations among countries differ to the 
extent that healthy food is legally destroyed, depriving desperate populations their basic needs. Such regulations are 
not based on sound science but on media hypes or lobbying by powerful stakeholders. Members of the scientific 
community, including technologists, engineers and nutritionists, in cooperation with regulatory specialists are working 
together to remove the regulatory hurdles to food security. 
 
Key words: food safety, food security, planet, prosperity, poverty, food chain, food safety regulations 
 
INTRODUCTION  

 
To be able to make improvements, it is 
essential to know what is wrong, why it is 
wrong and then to determine what can be done 
to correct or compensate what is wrong. 
 
People 
People of course are the real problem, because 
they all want is to eat and then they multiply. 
There have been times that there were not so 
many people on earth and there was enough 
food for everybody, be it not all the time; 
winters tended to result in starvation or death of 
many and that kept the numbers low. They also 
kept the numbers down by fighting each other 
to death over the small amounts of food that 
were available in times of shortness and 
sometimes the survivors consumed the losers. 
With time, it was discovered that if you dried 
food, it did not spoil and you could save it for 
the wintertime. That is when the germ was laid 
for the current food security problems, because 
the population was no longer naturally kept 
under control. Between these situations there 

are eons of time and many events, natural and 
human made, that have influenced the problem 
for better or worse. 
Because of this population growth, we need to 
find sustainable ways of feeding them. A part 
of the solution came from the people, more or 
less naturally, by discovering that you could 
cultivate crops and eat animals, provided you 
outsmarted them. With time and the growing 
population, this meant seeding and harvesting, 
i.e. farming. When as a result of the discovery 
of fire to prepare food people found time to 
think instead of just hunt and chew, people also 
started to discover more ways to preserve food. 
If you did the right thing, instead of spoiling, 
food changed, but remained healthy, also over 
longer periods of time and hence fermentation 
was discovered as a means of preservation. 
When you put milk, grape juice or other liquids 
in a used, empty bag, without cleaning it first, 
you would get tasty instead of deadly products. 
If you would put what was left of fresh fish in 
the ground and dug it up after a year or so, it 
had turned into something you could still eat, 
often without dying. If you did not die, you 
could put more fish offal in the same hole and 
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be fairly certain that you had edible food in 
stock for when you ran out of fresh food. It 
took till Nicolas Apert (1749-1841) to discover 
that if you would put food in a container and 
heat it long enough, in many cases it would not 
spoil [1]. Since Louis Pasteur and Claude 
Bernard, in 1862, proved that microbes are the 
cause of spoilage it began to dawn on people 
what the reason was inactivation of these living 
creatures. Bacteriology was born became a 
profession and in combination with people like 
Apert, food engineering was born, leading the 
20th century into novel processing technologies 
to preserve food. For some time, food was 
secure if not jeopardised by wars or natural 
disasters. 
 
Planet  
This all happened without concerns for the 
planet. Until fairly recently this was because 
people were not aware that they lived on a 
planet and a divine being was taking care of 
them. It is only recently, starting in the second 
half of the 20th century, when it became 
obvious that perhaps the growth of the 
population may make it difficult to feed 
everybody. Food security would probably soon 
be at stake. For decades forests had been 
converted to arable land and so, continuous 
deforestation no longer was an option to solve 
the problem. Gradually objections to the 
continuous use of artificial fertilizers to 
enhance yield increased and such use became 
restricted in many parts of the world. Despite 
this, till and even beyond the end of the 20th 
century, those with the means (power and 
money) went on with irresponsible activities, 
increasing financial profitability, ignoring the 
effect this may have on the environment and 
billions of people. Governments that recognised 
the problems and promising to act to reverse 
the process, usually failed to do so. Powerful 
industries, feeling the pressure of consumers to 
become more environmentally friendly did 
much window dressing, to look “green”, but 
just as most governments, did not act 
accordingly. Nevertheless, it became a well 
known fact that the planet has a limit of what it 
can produce.   
 
 

Prosperity 
People, whether farmers, industrialists, 
politicians or employees, all being consumers, 
when doing well, do not want to give up to their 
standard of living, despite recognising the 
sustainability issues. Thanks to the extremely 
rapid development of communication, people 
living in poverty, now know and want the same 
standards. For instance, they all want meat. The 
consequence is that the overall situation gets 
worse: producing meat takes more land that 
producing staple crops. With economic growth 
therefore the demand for meat is increasing and 
the price of cereals is rising, leading to more 
hungry populations. 
 
Regulations 
The justification for food safety regulations is 
to protect the citizens from harm resulting from 
consuming food products. Many of such 
regulations have been developed in the second 
half of the 20th century and were based on what 
was known at that time. That included detection 
of unwanted, potentially toxic chemicals and 
regulations requiring the absence of such 
substances. Absence of contaminants in the 
1950’s, however, is completely different from 
absence in current times. This is because the 
detection levels have gone down by a factor of 
a million, leading to a situation where food can 
be considered unsafe even if it contains the 
desirable concentration of essential nutrients. 
Although the need to improve regulations is 
recognised, it is not an easy process and 
politicians are more susceptible to media hypes 
and industrial lobbies that to science. Many 
new regulations are based on hypes and 
lobbying rather than on science. 
 
NUMBERS TO FEED 
 
It has been estimated with advanced methods 
that most likely, 1.2 million years ago, not more 
than 18,000 humans inhabited earth all together 
[7]. Despite their low numbers, these people 
apparently were able to successfully co-exist 
with other living creatures, otherwise we would 
not be here. They had started using tools about 
a million years earlier [11] and fed on meat left 
on carcasses killed by carnivores [9]. Later, in 
middle Palaeolithic (approx. 200,000 to 50,000 
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years ago), humans seemed to have worked 
together to hunt themselves large animals for 
their meat [10]. Making certain that there 
would be something to eat from time to time 
must have been the major concern and not food 
safety. For a long time, only the fittest of the 
newborn survived and when supply of meat 
was scarce, men killed each other for what was 
available, the population was fairly constant. 
Some 8000 years ago, however, the population 
started to grow exponentially, which possibly 
had to do with the development of farming at 
that time [3].  
Turning to more modern times, for similar 
reasons as in ancient times, people compete and 
that is honourable, provided that people behave 
responsibly, fair and decently. When it comes 
to it, however, this applies particularly to 
others. The consequence tends to be that a 
separation evolves of people who have and 
people who have not. That sounds black and 
white, but it is not, it is rather dark and light 
grey, people who have much and people who 
have little, but nevertheless it may go to 
extremes towards people who have very much 
and people who have very little. Then, those 
who have very little get also very unhappy, 
while those who have, do not notice until they 
meet desperate poor people, led by natural 
leaders, who tend to be smarter than average. 
Then these people demand their share and are 
willing to fight and eventually kill for it, as in 
the ancient times. With luck, the other side also 
have leaders who are smarter than average and 
the smart opponents negotiate and find 
acceptable solutions. The very poor get less 
poor and get enough to eat and the rich people 
get just a little less rich. Peace. At times, 
however, this models fails, leading to 
revolutions. 
 
THE FOOD CHAIN 
 
Initially, the food chain was very short, after 
catching the catch was eaten. When people who 
had not enough food had other things to trade, 
the chain began to get longer. With time this 
increased and industries developed, who 
sourced meat, fish or produce and sold that 
again to others. This required portioning of the 
food, packaging and transport. The chain 

gradually became more complex. Soon it was 
discovered that if you work together with others 
or employ other people, you may gain more 
than if you are on your own. Families worked 
together and formed family businesses. 
Generally, if no feuds developed, such 
businesses developed successfully. They tended 
not to waste their earnings, treated employees 
respectfully and generally were conservative 
and had savings, prospered in good times and 
survived bad times. They did not have to fire 
their employees in such times and hence 
retained their skilled and experienced workers. 
Others, not linked as a family, did more-or-less 
the same, with fairly similar principles, and 
formed co-operations. Some entrepreneurs 
started on their own and in due course invited 
others to invest in them, so that they could 
expand. They tended to find partners who were 
happy not to have to work and nevertheless 
have earnings, they becoming shareholders. 
The principle works on all scales, companies 
start small and depending on local market 
conditions grow larger and sometimes very 
large. Nevertheless, companies never are 
robotic entities, but organisations, led by 
people, who have a face, make decisions and 
have responsibilities.  
For a long time most, if not all companies, 
focused on sustaining the company (small ones 
and large ones, family companies, co-
operations and shareholder companies alike), 
for quite sensible reasons. Sustaining the 
company means sustaining the earnings. There 
have been times that often companies abused 
their personnel, paying little for much work. In 
the first decades after the Second World War, 
companies tended to keep their employees 
happy, because happy people are more 
productive. Sustaining meant also to save some 
of the earnings for times that there is no 
business. That could simply be winter times, 
when predictably nothing grows or bad times, 
like unexpectedly dry seasons, far too much 
rain in a short time, pests or any kind of other 
reasons. In western Europe, in the middle of the 
20th century, this worked often well and a 
suitable part of the earning were saved, the 
shareholders understood and were happy with a 
moderate yield (return on investment) of e.g. 
3%. To keep the employees happy and hence 
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productive, companies cared very well for their 
employees, to the extent that they provided 
housing and medical services. In the 
economically lesser times no employees were 
fired, but they would produce stocks for the 
future, did maintenance and many other things 
for which there was little time when business 
was at a high. Industry for a long time meant 
many small and medium sized enterprises, even 
big companies consisted of many small 
factories, in locations where the produce was 
available and the customers were living. Waste 
was not a concern, largely because nobody 
wanted to waste anything. Much of the packing 
material was recycled. To stimulate returning 
packing materials to the factory, there was a 
deposit, which was refunded upon return of the 
container. Mostly the containers were glass 
bottles and jars, with or without an also 
reusable lid, but also the crates or boxes in 
which the bottles and jars were transported.  
Starting in the seventies and accelerating in the 
1980’s, philosophies started to diverge. Family 
companies and co-operations continued being 
conservative, but shareholder companies 
changed. The shareholders started to demand 
more return on their investments. To stimulate 
the return on investments, management was 
encouraged to squeeze and much as possible 
money out of the company and to stimulate 
this, were promised bonuses if successful, 
meaning high dividends. The company 
management, eager to retain their positions and 
enticed by the bonuses, gave in and the 
objective of these companies changed from 
“sustaining the company” to “maximising 
shareholder value”. The management did not 
need to know anymore what they were 
producing. The desire to maximise shareholder 
value went so far that without shame, existing 
large financial buffers of the companies were 
turned into dividends, leaving the companies 
without reserves. When investments were 
needed, these companies needed loans and 
hence had to pay interests. In bad times, to 
survive, they had to fire employees and with the 
employees they lost the skills they would need 
when good times would return. To keep the 
figures looking good on the short term, 
factories of well-doing large companies, having 
a great value, were sold to make profit at the 

expense of future profitability. That this 
decreased the value of the company was of later 
concern. In the process, care for employees 
disappeared and keeping employees happy 
changed back to forcing employees to work 
harder for less payment, being told that it was 
in their own interest. Companies argued that 
medical care was the responsibility of the 
individuals or the government, not of the 
industry. Unions did not yet exist or they were 
small, because for decades there had been no 
conflicts of interest between the management 
and their workers. Employees were told that if 
they did not comply with the new demands, the 
company may get bankrupt and to prevent that, 
they would have to fire personnel. Often they 
did so anyhow, replacing them by cheaper, 
unskilled and un-experienced cheaper 
personnel. Highly skilled employees would 
leave prematurely, because they were in 
demand elsewhere. The now financially 
oriented management did not understand and 
therefore not worry about the quality of their 
employees, their skills and experience. Many 
companies paid with bankruptcy or in the more 
fortunate cases they were taken over by other, 
more successful companies, which this way 
removed competitors from the market. 
Meanwhile, family companies and co-
operations remained fairly stable, not 
experiencing the pressure of shareholders with 
short-term visions. Shareholder companies lost 
many of the customers to the other categories 
of companies, finding that these other 
companies were more reliable. 
The shareholder companies that survived these 
changes, had to take measures for their future 
existence. To keep their shareholders happy 
(and to get their bonuses), the management had 
to make the companies more efficient than the 
competitors and they started looking for 
savings. Everything in life has two sides and 
the looking for savings had good side, because 
savings did not only help profitability, but from 
a safety and sustainability point of view it was 
also beneficial. So far, little attention had been 
paid to efficiency with respect to the use of the 
raw materials (produce). In processing plants, 
losses of 30% had been quite normal and 
acceptable and not been the subject of debate. 
Also, to prevent microbiological problems with 
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the products produced, all equipment has to be 
cleaned frequently, often within 4 to 8 hours, 
depending on the vulnerability of the product 
and the prevailing temperature. This meant 
much work and hence many labourers, because 
equipment was not designed to be easily 
cleanable and had to be dismantled for 
cleaning. After cleaning the equipment had to 
be disinfected, usually using chemicals, and 
then be reassembled. Being confronted with the 
need for savings, there was a desire to run for 
longer production times between cleanings and 
it was easy to calculate that continuous 
production would be more profitable than the 
usual batch wise production. This however, 
needed equipment that was easier to clean and 
would reduce the multiplication of microbes 
during the production time. In close 
cooperation between food processors and 
equipment manufacturers, this led to the design 
of hygienic equipment, equipment that was 
relatively easy to clean and did not have areas 
where product could be stagnant and allow the 
multiplication of harmful microbes. Because of 
the absence of stagnant (“dead”) areas in the 
equipment, the equipment was cleanable in-
place and dismantling was no longer necessary, 
reducing the percentage of time needed for 
dismantling, cleaning and reassembly. By the 
end of the 1990’s, in medium sized and large 
companies, processes that traditionally ran for 
less than 8 to maximum 16 hours a day, now 
ran for 120 hours a week, without running into 
microbiological and hence food safety 
problems. Due to the reduced cleaning 
frequency and other measures, losses were 
reduced from up to 30% to less than 6%. 
Traditionally, the quality of the product was 
checked by sampling a part of the production. 
The product was kept on site until the results of 
the investigation of the samples were available. 
That required storage space and took several 
days of the product’s shelf life. The use of 
hygienic equipment and the possibility of 
control and monitoring the process conditions, 
made it possible to change from quality control 
to quality assurance. As long as the evidence 
showed that process conditions had been 
between the limits for the safety of the product, 
the product could be released immediately after 
production.  

Back to the other side of the coin: other savings 
were achieved by sourcing the cheapest 
possible raw materials and not paying attention 
to the quality, but only to safety, because that 
was unavoidable. If the acceptable 
concentration of contaminants was exceeded, 
you could mix it with batches with a 
sufficiently low concentration and that way 
meet the requirements. “Like lemmings, 
organisations fall over themselves in the race to 
the bottom.” [4]. If the staff of companies 
succeeded in a good quality assurance system, 
it was doubted if that same staff was needed 
any longer, because everything was under 
control. The value of research and development 
of new or improved products also was felt to be 
over estimated and considered to be rather more 
of a financial burden, leading nowhere in terms 
of (short term) financial results. Reducing 
research would make it possible to sustain the 
seemingly good profitability. Moreover, in 
increasingly became a habit of buying and 
selling companies to make profit, which made 
research irrelevant, because the companies for 
which the research would be of interest may 
have been sold by the time the results became 
available. 
Having exhausted many means of increasing or 
maintaining shareholders value, management of 
large companies resorted to still other means, 
such as the concentration of production in 
fewer locations. That meant fewer factory 
directors, workers, laboratory staff and 
administration, fewer buildings and, if the 
production location was chosen carefully 
enough, often cheaper employees. From an 
environmental sustainability point of view this 
was a less fortunate development, because in 
meant the transport of raw materials, which 
were often resourced locally, to the one 
selected site and then transporting the packaged 
finished product back to from where it came. 
The larger distances made reuse of packaging 
material no longer beneficial and the deposit 
system was largely abandoned. There was also 
a tendency to mislead the consumer by selling 
volume rather than weight (mass), non-
transparent packs being significantly larger that 
the volume of the product inside.  
Greed has no limits and to enhance 
profitability, without respect for fellow humans, 
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some companies turned to criminal activities, 
confident that their actions would go unnoticed. 
The magnitude of such malpractices is difficult 
to estimate, because they became apparent only 
if these practices became evident because of 
consumers getting ill and in some cases died. 
Well-known examples, some with fatalities or 
severe damage to the health of many people, 
are the discovery in 1985 of the presence of 
diethylene glycol (antifreeze) in wine, 
originating from Austria, added to cheaply 
produced wine, to enhance sweetness and body 
[12]; lead oxide added in Hungary to dried 
paprika to enhance the colour and made low-
quality product look better [16], and melamine 
in milk and milk products in China, in 2008 [8], 
to hide the dilution of milk with water, to 
enhance profit. 
There have also been many unintended food 
scares, often the result of carelessness or 
ignorance. In some cases incidents were cause 
by till then unknown origin, such as emerging 
pathogens [2]. What is absolutely unacceptable 
is that companies sometimes try to hide food 
safety incidents, do not report them and instruct 
their personnel not to talk about it, let alone to 
report it. Management that does this should be 
brought to court, because they play with the 
health and sometimes lives of others for 
financial gains.  
 
REGULATIONS 

 
The understandable response of the society to 
these incidents is a demand for tougher 
regulations. Politicians, eager to respond fast to 
show the electorate that they did everything to 
protect them, took actions that led to 
regulations based on hypes in media and the 
opinion of reporters, not on scientific evidence. 
The consequence is that the trade in food 
between countries often is disrupted by new 
regulations, supposedly to protect the 
consumer, but which cannot be justified based 
on any scientific evidence. Such regulations can 
be used to control import of food and lead to 
the confiscation and subsequent destruction of 
large amounts of healthy food.  
Companies that fear the competition of 
countries that struggle to improve their 
economies, lobby with false, scientifically 

unsupported statements to get regulations that 
they can meet but cannot be met by these 
countries without for them huge investments.  
There are organisations that pretend to come up 
for consumers and scare them with horror 
stories that receive wide media attention, but 
without any evidence. They often succeed in 
convincing politicians to adopt regulations that 
caused hungry people to die of starvation. An 
example is the famine in Zambia In 2002, when 
thousands of people starved to death while 
tonnes of food were ready to be delivered. The 
government did not want to poison their 
citizens with GMO (genetically modified) food, 
because the EU did not accept GMO food. The 
EU did not accept it because of the professional 
antis hat spread the horror stories. These stories 
have not a single piece of evidence while there 
is overwhelming evidence that GMO food is 
safe. Millions of people eat GMO food daily, 
there is not a single case of harm due to the 
consumption of GMO food. In South Africa, 
40% of the food is GMO. In Zambia and other 
African countries, thousands of people died 
because regulators in the EU did and do not pay 
attention to science but to media and hypes and 
antis, scaremongers with a big mouth and the 
Zambian government trust the EU’s judgement 
[17].  
Developed countries have regulations to 
subsidise farmers who grow uneconomical 
crops that nobody needs. Instead of 
encouraging these farmers to produce crops that 
are needed, they keep them subsidising, 
guaranteeing their income. That way they 
compete with developing countries in an unfair 
way, denying these countries a fair market. A 
particularly absurd case is subsidising the 
production the production of sugar from beets 
[5]. In tropical countries sugar can be produced 
from canes and for many developing countries 
sugar is about the only product that can be 
exported without depriving the local population 
the food they need. 
Developed countries produce declaration after 
declaration to eradicate hunger: 1974 - The 
Universal Declaration on the Eradication of 
Hunger and Malnutrition [25]; 1992 - The 
International Conference on Nutrition (ICN) 
World Declaration on Nutrition [21]; 1996 - 
Rome Declaration on World Food Security  
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(FAO, 1998); 2009 - Declaration of the World 
Summit on Food Security [23]; 2011 - Perth 
Declaration on Food Security Principles [18]; 
2012 - Camp David Declaration, Maryland, 
United States [27]. There are also action plans, 
but practice is that hunger is not still at about 
the same level as at the time they signed such a 
declaration for the first time. Many of the 
regulations do not help to alleviate the hunger 
problem, but have just the opposite effect. Food 
security for all is still very far away. 
Finally the rich countries can afford to throw 
food away and they do. Food safety regulations 
(e.g. EU [19]; Canada, [24]) have it that food 
must have a “best before” date and although 
that has nothing to do with food safety, but only 
with the quality at the time of consumption 
(and hence needless to regulate in the first 
place). Consumer perception is that products 
probably are not safe anymore after this date 
and throw them away, while the products still 
are safe and in most cases still perfectly 
palatable. Consumers do not appreciate the 
difference between a “best before” date and an 
“ultimate consumption” or “use by” dates, the 
latter two indicating after which date the 
product may not be safe anymore. Until 
recently [17], for decades, EU regulations 
required that many food products had certain 
shapes and dimensions and otherwise, a 
perfectly safe product had to be destroyed. 
Regulations that do not protect consumers but 
deprive hungry people from the food they need 
are indecent. There is no excuse for such 
regulations and they should be abandoned. 
Retaining them while signing declarations to 
eradicate hunger is immoral. On the other hand, 
countries where a part of the population is 
permanently hungry should not export their 
food for the benefit of a small local group of 
citizens at the expense of a large part of their 
population. Regulations that restrict the use of 
GMO food, without any evidence that it is not 
safe, just because it is GMO is also immoral, 
because with GMO food important deficiencies 
can be prevented. Hunger is not only lack of 
calories, but also lack of essential nutrient and 
providing population just with calories makes 
them unhealthy and prone to many diseases. 
 

Examples of regulations that have the 
appearance of protecting the consumer but in 
reality do not are those that require the absence 
of certain contaminants that supposedly are 
toxic. What regrettably most people do not 
understand, but what Paracelsus taught already 
in the early 16th century (Philippus Aureolus 
Paracelsus [1493-1541]: “All substances are 
poisonous, there is none that is not a poison; the 
right dose differentiates a poison from a 
remedy.”), is that toxic substances do not exist. 
There are potentially toxic substances. What do 
exist are toxic concentrations. Selenium is 
toxic, but essential. A daily intake between 15 
and 55 g is healthy, mgs per day will cause 
illness [5]. This unfortunate persistent 
misunderstanding has led to absurd regulations, 
viz. that toxic substances must be absent, a 
“zero tolerance”, that politicians sometimes 
enthusiastically mention if they want to show of 
as the people’s protector. The consequence of 
“zero tolerance” is that the meaning of the law 
changes with the development in chemical 
analysis. What was zero in 1950 can be a 
million times less today. Because according to 
the WTO agreements protectionism is not 
allowed anymore, “zero tolerance” can be 
abused by governments to circumvent the WTO 
agreement. Zero tolerance applies for instance 
to antibiotics in food. Food, however, always 
originates from soil on land or water in oceans, 
seas and rivers. These environments have 
enormous numbers of microbes and soil is a 
product of microbes, which break down what 
ones were higher organisms. Microbes make 
antibiotics, to protect themselves against 
competing microbes. Consequently, natural 
environments without antibiotics do not exist. 
The concentrations usually are low, but they are 
not zero. While half a century ago they seemed 
to be absent, with current methods of analysis 
they are no longer absent. Not in natural water, 
not in soil and therefore not in fish, meat, 
vegetables or any other food that has not been 
processed in a way that would remove these 
traces of antibiotics. So, it happens that 
governments seize and destroy healthy food 
because of the presence of such traces. Since 
2002, the Alabama Department of Agriculture 
has stopped the import of shrimp imported from 
Asia after tests showed they contain traces of 
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the antibiotic chloramphenicol, which is banned 
in food in United States [25]. In 2006, the 
European Court of Justice, considering that 
zero-tolerance applies to furazolidone and 
chloramphenicol, ruled that EU countries must 
seize and destroy meat containing such 
substances, even if containing just ppbs ( g/kg; 
49 and 1.4 resp.) [15]. The concentrations of 
antibiotics found in the cases mentioned (and 
probably many other cases) are prescribed to 
babies in thousands times higher 
concentrations. The judges are not toxicologists 
and cannot be blamed. The law is wrong, 
firstly, because at such low concentrations it is 
uncertain if the presence is due to any illegal 
use of antibiotics and secondly, the fact that 
toxicity if a matter of concentration is 
completely ignored. It is known that 
chloramphenicol can have a toxic effect on the 
capacity of bone marrow to produce red blood 
cells, but if the concentrations found in the 
shrimps are high enough is at least doubtful [6]. 
It should be thoroughly investigated if such low 
concentrations can have a significant effect. If 
the presence of antibiotics is the result of illegal 
use of antibiotics, those using it should be 
brought to court, the food might even be seized, 
but not destroyed. In another case, in 2003, the 
UK government ordered the removal of 
products from the marked because they might 
contain immeasurable concentrations of the red 
colorant “Sudan 1”, viz. parts per trillion or g 
per tonne of product. The calculation was based 
on the amount of certain spices, which might 
have been contaminated with the colorant. Such 
low concentrations of substances are almost 
never toxic. The lethal doses of even de most 
toxic substances (tetanus, botulin and Shigella 
toxin) are 1 ng per kg bodyweight [26]. The 
UK Food Safety Agency published on their 
website that the concentrations of Sudan Red 
are not a matter of concern. Hence, what is the 
reason that a government uses the law to have 
the food business destroy for £150,000,000 of 
food if not to protect the consumer? It 
illustrates that regulations must be correct, so 
that such absurdities, for whatever reason, are 
not possible. 
 
 
 

CONCLUSIONS 
 
We do not live in a world with an abundance of 
nutritious food for everyone, food and nutrient 
security do not exist for about one billion 
people. It is therefore cynical that the part of 
the world where these are not problems have 
habits and regulations that enhance the shortage 
of food. Basing food safety regulations on 
sound science would in no way harm the 
fortunate people and therefore there is no valid 
reason for those involved in the production and 
regulation of food to ignore food science. Their 
policies should be based on scientific evidence 
and not on actions of scaremongering activists, 
media hypes or lobbyists.   
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Abstract 
 
Risk management is an integrated part of business or firm management and deals with the problem of how to avoid the 
risk of economic losses when the objective is to maximize expected profit. This paper will focus on the identification, 
assessment, and prioritization of risks in agriculture followed by a description of procedures for coordinated and 
economical application of resources to control the probability and/or impact of unfortunate events. Besides identifying 
the major risk factors and tools for risk management in agricultural production, the paper will look critically into the 
current methods for risk management Risk management is typically based on numerical analysis and the concept of 
efficiency. None of the methods developed so far actually solve the basic question of how the individual manager should 
behave so as to optimise the balance between expected profit/income and risk. In the paper, we derive a criterion for 
optimal risk management in the sense that we derive the optimal combination of expected income and variance on 
return to capital on the efficient frontier. 
 
Key words: expected income, profit maximisation, risk, uncertainty, variance 
 
INTRODUCTION  
 
Risk management is an integrated part of 
business or firm management which deals with 
the problem of how to avoid the risk of 
economic losses when the objective is to 
maximize expected profit. Historically, the 
methods used for risk management have to a 
large extent been based on the Expected Utility 
model [17] and the Modern Portfolio Theory 
based on the work of Markowitz [11]. 
Markowitz’s approach was to use linear 
programming method to find the combination 
of investments (portfolio) that would provide 
the efficient combination of risk and return to 
capital. Since the World War II, along with the 
development of the computer technology, 
Monte Carlo simulation has become an 
important tool for (numerical) risk analysis. 
Another important contribution to the 
development of tools for risk management are 
the concept of stochastic dominance, which is 
based on the work of Hadar and Russell [4] and 
Hanoch and Levy, and Option Theory which is 
based on the work of Black and Scholes [1]. 
Additional methods such as Value-at-Risk [9], 
have evolved from Modern Portfolio Theory, 
Option Theory, and the concept of stochastic 
dominance, but none of these methods are 

significant improvements of the original earlier 
methods. 
Hubbard [8], provides a good review of the 
theoretical and methodological development of 
risk management since World War II. He also 
provides a formal definition of risk 
management being: ‘The identification, 
assessment, and prioritization of risks followed 
by coordinated and economical application of 
resources to minimize, monitor, and control the 
probability and/or impact of unfortunate events’ 
or simply ‘Being smart about taking chances’ 
(ibid, p. 10). Chapman [2] provides an 
extensive introduction to the state-of-the-art 
regarding applied business risk management 
based on the ISO 31000 standards published by 
the International Organization for 
Standardization [14]. 
None of the methods which have been 
developed so far actually solve the basic 
question of how the individual manager should 
behave (carry out risk management) so as to 
optimise the balance between expected 
profit/income and risk. Current methods for risk 
management are typically based on numerical 
analysis and the concept of efficiency, and 
operational criteria for optimal risk 
management do not exist. 
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In this paper we use the theory of financial 
economics to derive a criterion for optimal risk 
management of firms. The criterion is derived 
using the Capital Asset Pricing Model which 
provides an economic based vehicle for 
analytical derivation of the trade-off between 
risk and expected income/profit. 
 
BACKGROUND 
 
The international literature reveals that the 
objective of risk management is difficult to 
describe in operational terms. Efficiency seems 
to be the key term, and the objective of risk 
management may be stated as a way to manage 
the business in an efficient way, i.e. to minimise 
risk for a given level of the other objectives 
(profit/income) or to maximise the achievement 
of other objectives (profit/income) for a given 
level of risk. According to a Draft International 
Standard from the International Organization 
for Standardization [14] risk management 
“…aids decision making by taking account of 
uncertainty and its effect on achieving 
objectives and assessing the need for any 
actions” (p. V), and risk management “… 
should thus help avoid ineffective and 
inefficient responses to risk that can 
unnecessarily prevent legitimate activities 
and/or distort resource allocation” (p. VI). 
In agricultural economics (farm management), 
risk management has historically been based on 
the Expected Utility (EU) model and various ad 
hoc procedures based on stochastic simulation 
and the concept of stochastic dominance and 
Value-at Risk.1 However, none of the methods 
used so far actually takes the normative 
approach in the sense that they describe how in 
fact to balance the cost of implementing each 
risk management option against the benefits 
derived from it. In general, the cost of 
managing risks needs to be commensurate with 
the benefits obtained. For instance, threshold 
levels of probabilities of loss used in the Value-
at-Risk method do not provide an objective 
measurement commensurate with the cost of 
implementing risk management tools. 

                                                      
1 Hardaker (2006) provides a good review of the 
approaches to risk management in agriculture and the 
challenges ahead. 

Although maximization of expected utility 
(EU) has become the standard paradigm for risk 
analysis, the basic problem faced by the 
researcher namely that the decision maker’s 
utility function normally is unknown, still 
exists. Under certain assumptions it is possible 
to quantify expected utility U as: U = E(w) – 
0.5*RA*V(w), where w is wealth, V is variance, 
RA is absolute risk aversion coefficient RA = - 
v’’(w)/v’(w),  v is the Von Neumann-
Morgenstern utility function, and E is the 
expected value operator [3, 7]. This functional 
form of the utility function is the closest the 
theory of risk management has been to an 
operational model on which to objectively base 
risk management decisions [13, 15]. However, 
even though this model seems operational as an 
optimization model it is not the case because 
the risk aversion coefficient RA is not in general 
known.  
In its report on international standards for risk 
management [14], the International 
Organization for Standardization mention as the 
first of its suggested principles for risk 
management, that risk management creates 
value. This statement generated the idea, that 
instead of focussing on maximizing of expected 
utility, the approach the approach is changed to 
the maximizing the value of the firm. By 
changing the focus to the maximization of the 
value of the firm, the theory of financial 
economics including the Capital Asset Pricing 
Model (CAPM) would provide a valuable tool 
on which to base the analysis of (optimal) risk 
management. This is the background for the 
model presented in the following. 
But before the model is presented, I will give a 
short overview of risk and controlling of risk in 
agriculture. 
 
RISK IN AGRICULTURE 
 
The main problem in risk management is to 
consider answering three questions: a) To what 
extent should the risk be controlled/reduced? b) 
What risk management tools should be used? c) 
In what order of priority should the risk 
management tools be applied? 
In the literature on risk management in 
agriculture, the questions b) and c) have been 
widely discussed [4]. However, the literature 
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does not provide operational response to the 
issue in question a). The closest you come 
operational methods of answering question a) is 
the EV model, the development of which is 
based on portfolio theory [11]. 
 
In agriculture, one can broadly distinguish 
between the following seven main types of 
risks: 
1. Production risk is the risk associated with the 
risk of getting lower yields or product quality 
than expected. This type of uncertainty is due to 
variation in yields and quality of crops and 
livestock because of weather conditions 
(drought, flood, rain, frost, hail, and storm), 
disease and infestation. 
2. Market risk (or price risk), the risk associated 
with the possibility of falling product prices or 
input prices rise after production has been 
initiated started. 
3. Financial risk is the uncertainty associated 
with changes in interest rates of borrowed 
capital, and the impact this has on the firm's 
solvency, liquidity and creditworthiness. 
4. Institutional risk is the risk associated with 
unforeseen changes in the Government 
regulation of agricultural production. 
5. Risk associated with harm to the different 
types of production facilities (assets), including 
damage caused by fire, storm, theft, malicious 
damage to buildings, machinery, facilities, etc.. 
6. Risk associated with people includes the risk 
of disease, death and the like, both on the 
farmer herself and among employees. 
7. Product Risk. This risk relates to the risk of 
being sued to pay compensation under the law 
on product liability, environmental law, etc. 
 
The process of risk management includes the 
following main tasks: 
1. To identify, characterize and assess the 
relevant adverse incidents. 
2. Assess the company's vulnerability to such 
events. 
3. Determine the degree of risk, i.e. probability 
and expected consequences of the events. 
4. Identify ways in which to reduce/manage the 
risk and its effects. 
5. Prioritize alternatives for reduction/-
mitigation of risk based on a chosen strategy. 

In principle one can choose between the 
following four major risk management 
strategies: 1) Keep the risk. 2) Avoid the risk. 
3) Reduce the risk. 4) Transfer all or part of the 
risk to others. The first three of these four 
strategies relate to initiatives for risk 
management at the enterprise level, while the 
last relates to initiatives that go outside the 
company. 
The four main strategies can be described as 
follows: 
1. Keep the risk: Farmers can manage risk by 
tackling it herself, e.g. by having sufficient cash 
reserves in the form of savings, financial 
reserves or ability to obtain credit. This makes 
the farmer/farmer family able to maintain 
consumption as income or capital loss are 
avoided by funding from cash reserves. This 
form of self-insurance is the most efficient form 
of risk management when there are transaction 
costs of using other alternatives such as formal 
insurance. Use of cash reserves as self-
insurance implies, however, in itself costs in 
terms of opportunity costs of holding liquid 
capital. Therefore, the final choice is ultimately 
dependent on the "insurance form" which is 
cheapest. 
2. Avoid the risk: Farmers can (try to) avoid the 
risk by choosing products and production 
methods that are not (so) vulnerable to non-
controllable events such as weather, disease and 
unstable prices. Examples of such initiatives in 
agriculture, e.g. choice of safe crops, selection 
of appropriate crop rotations, choice of 
products with stable prices, selection of 
productions with short production, cultivation 
of crops under controlled conditions 
(greenhouse, irrigation, drainage facilities), etc. 
3. Reduce the risk: Actions to reduce risk 
include both reduction of the impact/-
consequences of the uncertain factors, and 
reducing the likelihood of loss. Spread of 
activities (diversification), including income 
from sources other than agriculture, production 
monitoring, pest control, disease control, 
flexibility (plant flexibility, product flexibility, 
market flexibility), etc. are examples of such 
concrete actions that can be used to reduce risk. 
4. Transfer all or part of the risk: The transfer 
of risk to others (or sharing the risk with others) 
mainly comprises insurance in the traditional 
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sense. In addition, a number of financial 
instruments, etc. with a function similar to 
insurance. Finally, the risk transfer achieved by 
the conclusion of contracts with others on the 
production and marketing. 
 
CONTROLLING RISK 
 
One can distinguish two main types of risk 
management instruments: 1) Target (market) 
instruments for risk management and 2) general 
(internal) methods for managing and 
controlling risk. 
 
1. Market-based risk management instruments. 
The market based instruments are characterized 
by the common feature that there is a price 
attached to them, and one can readily calculate 
the cost of their use. The market-based risk 
management instruments are: 
a) Weather derivatives for protection against 
production risk in crop production. 
b) Forward contracts to protect against market 
risk (price risk). 
c) Futures to protect against market risk (price 
risk) and financial risk. 
d) Put options to protect against market risk 
(prices of products). 
e) Call options to protect against market risk 
(price increase in raw materials). 
f) Interest rate swaps to protect against 
financial risk (interest rate increase). 
g) Insurance (fire, storm, hail, etc.) to protect 
against the risk associated with production. 
h) Product Liability Insurance to protect 
against product risks. 
 
2. General (internal) risk management 
instruments. 
The general methods of risk management 
include changes in its financial and 
manufacturing organization in order to control 
risk. The cost of these tools must be estimated 
using the opportunity cost principle. These 
instruments include the following: 
j) Financial reserves/equity. Maintaining own 
(cash) funds or collateral provisions, including 
withholding of dividends. 
k) Product Selection. Choice of products 
(crops) with safer yield, shorter production 
period, etc. 

 l) Production Methods: Safer production 
systems, crop rotation, disease prevention, the 
use of greenhouses, irrigation systems, drainage 
systems etc.. 
m) Diversification. Spread of activities. 
n) Monitoring/control. Monitoring of  
production, pest control, disease control. 
o) Flexibility. Plant Flexibility, liquidity 
facilities, product flexibility and market 
flexibility. 
 
THE MODEL 
 
The risk management model derived in the 
following is based on the classical assumption 
that the goal of firm management is to 
maximize profit measured as the market value 
of the firm’s equity capital. For a shareholder 
company this means that the goal is to 
maximise the market value of the company’s 
shares. For the individually owned firms this 
means that the goal is to maximise the net value 
of the firm (i.e. market value of the firm minus 
the market value of debt). This is in accordance 
with Chapman [2], who defines (enterprise) risk 
management as “a comprehensive and 
integrated framework for managing company-
wide risk in order to maximise a company’s 
value”. 
The relationship between the expected return to 
equity, the risk on return to equity and the 
market value of equity can be analysed within 
the framework of the Capital Asset Pricing 
Model (CAPM) [16] and  [10, 12.]  
According to the CAPM, a company that still 
wants to attract equity to finance its business 
must yield an expected return E(R) to equity of 
at least RF + (E(RM) – RF), where E is the 
expected value operator, RF is the risk free rate 
of interest (for instance the rate of return on 
government bonds), RM is the interest on the 
market portfolio (i.e. the rate of return on a 
well-diversified portfolio of assets in which the 
potential investor would alternatively invest her 
money) and  is a risk factor defined as: 
 

( , )
( )

M

M

C R R
V R  (1) 

 
where C(R, RM) is the covariance between R 
and RM, and V(RM) is the variance of RM. 
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This means that in equilibrium: 
 

 ( ) ( ( ) )F M FE R R E R R  (2) 
 
Equation (2) may be used to determine the 
market value of the equity of the firm. If the 
firm has an expected earnings before interest of 
E(a), a total debt of B on which it pays a fixed 
interest RB,  then the expected earnings to 
shareholders (E(c)) is E(c) =  E(a) – RBB. To 
provide an expected return to equity of E(R), 
the market value (S) of equity has to be: 
 

 

( )
( )

E cS
E R  (3) 

In the CAPM, the relationship between returns 
to equity (R) and the risk of returns to equity, 
quantified as the variance of returns to equity 
(V(R)), are determined through the risk factor . 
The first step therefore is to consider the 
relationship between the variance of returns to 
equity V(R) and the covariance C(R, RM). 
To do this, the following result will prove 
useful: 
Proposition 1: If increasing (decreasing) 
variance is interpreted as being a proportional 
increase (decrease) in the deviations from the 
mean, then: 
 

 

( , ) ( , )
( ) 2 ( )

M MdC R R C R R
dV R V R  (4) 

which means that the change in the covariance 
between R and RM, when the variance of R 
changes, is equal to the covariance between R 
and RM divided by two times the variance of R. 
Proof of proposition 1:  First multiply all 
deviations (Ri – E(R)) (i = 1… T) by a constant 
 after which the variance of R can be 

expressed as: 

 
2

1 1( ) ( ) ( )V R V R V R (5) 
 
In a similar way, the covariance between R and 
RM can be expressed as: 
 

1 1( , ) ( , ) ( , )M M MC R R C R R C R R  (6) 
The derivative of C(R, RM) with respect to  (at 
the point =1) is therefore equal to C(R, RM), 
and the derivative of V(R) with respect to  is 

2V(R). Division of the derivative of C(R, RM) 
with respect to  by the derivative of V(R) with 
respect to  produces the result in equation (4). 
(QED). 
Using proposition 1, it is possible to show that 
the change of the risk factor  in (1) caused by 
a change of V(R) is: 
 

 ( , ) ( )
( )2 ( )

M

M

C R Rd dV R
V R V R

 (7) 

and the corresponding change in the required 
expected returns to equity is therefore (see (2)): 
 

( , )( ) ( )( ( ) )
( )2 ( )

M
M F

M

C R RdE R dV R E R R
V R V R

 

 (8) 
 
The change of the variance of the return to 
equity (dV(R) on the right hand side of equation 
(8)) thus changes the demand for the return to 
equity (dE(R) on the left hand side of equation 
(8)), which - according to equation (3) - implies 
a change in the market value of equity (S). At 
the same time, the change of the variance of 
return to equity (accomplished through risk 
management) implies change in costs, so that 
the expected earnings to shareholders E(c) 
changes. This will also - according to equation 
(3) - imply changes in the market value of 
equity (S). 
The optimal effort of risk management is the 
effort that maximises the market value of 
equity. This is the case when the two 
contributions (dV(R) and dE(c)) balances each 
other, i.e. have the same (but opposite) 
influence on the market value of equity, so that 
the change in the value of equity for marginal 
changes of risk management is zero. The 
formal derivation is the following: 
The market value of equity (S) is (see equation 
(3)) a function of E(c) and E(R). The total 
differential of this function is: 

 
( ) ( )

( ) ( )
S SdS dE c dE R

E c E R  (9) 
 
The optimal effort of risk management is 
accomplished by maximising the equity S 
which – under certain conditions – is the case 
when dS in (9) is zero. Setting the right hand 
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side in (10) equal to zero and solving for dE(c) 
yields: 

 

( )( ) ( )

( )

S
E RdE c dE RS
E c  (10) 

 
If the differentiation of S (see (3)) is carried 
out, the equation becomes: 

 

( )( ) ( )
( )

E cdE c dE R
E R  (11) 

 
Now insert the expressions of E(R) (from (2)) 
and dE(R) (from (8)) in equation (11), then the 
condition (11) may be expressed as: 
 

( ( ) )( ) ( ) 1
( ) ( ) 2 ( ( ) )

M F

F M F

E R RdE c V R
dV R E c R E R R
 (12) 
The optimal level of risk management is 
therefore determined by the condition that the 
relative change of the expected earnings to 
shareholders (E(c)) divided by the relative 
change in the variance of the return to equity 
(V(R)) is equal to the value of the term on the 
right hand side of equation (12). 
 
It is reasonable to assume that the feasible 
combinations of E(c) and V(R) is a convex set 
as illustrated by the set P in Fig. 1.  

 

 
As the market value of equity increases in E(c) 
and decreases in V(R) the optimal solution will 
be at the efficient frontier of P. If the present 
position of the firm is for instance the efficient 
point A and this point is not optimal because the 
left-hand side of equation (12) is different from 
the right-hand side of equation (12), then the 
relationship between expected earnings and 
return to equity should be adjusted through risk 
management.  

If the left-hand side of (12) is larger than the 
right-hand side, then the firm should accept 
greater risk by increasing expected earnings. If 
the left-hand side of (12) is less than the right-
hand side, then the firm should reduce risk and 
accept less expected earnings. Further risk 
management is carried out as long as the left-
hand side in (12) is different from the right-
hand side. Assume that the value on the right 
and left-hand sides of (12) become equal at the 

E(c) 

V(R) V*(R)

E*(c) 

Va(R)

Ea(c) 

A 

O

Fig. 1. Risk management from A to O 

P 
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point O. In this case the optimal combination of 
expected earnings and variance is E*(c) and 
V*(R). 
 
CONCLUSIONS  
 
Only the necessary conditions for optimal risk 
management have been derived. The further 
condition is that risk management is carried out 
efficiently, i.e. that risk is reduced with a 
minimum reduction in expected income, and 
that an increase in expected income is achieved 
with a minimum increase in risk. However, this 
may be insufficient. Condition (12) may, in 
practice, have no solution or possibly as many 
as two depending on the available risk 
management tools. In the case of two solutions, 
the sufficient condition is that the left-hand side 
of (12) is decreasing in V(R). 
The model is valuable in the sense that it 
provides a relatively simple, objective and 
operational method for evaluating risk 
management effort. Its weakness is that it is 
based on the assumption that all relevant 
information is available in the trade-off 
between expected income and variance. 
However, this simplification is also present in 
the CAPM model which has been an extremely 
valuable tool in empirical work and practice 
(Brounen, de Jong and Joedijk, 2006). 
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Abstract 
 
This paper presents the activity carried out inside a work package (WP7) of the ISEKI_Food 3 Academic Network 
project (2008-2011) dedicated to the facilitation and promotion of Life Long Learning in higher education. In fact, 
recognition of prior learning is an essential tool to foster lifelong learning within the European Higher Education Area. 
Professionals could be more attracted to go back higher education if their competences would be adequately recognised 
as credits in the programmes they want to study and complete. Within the aims of the cited work package, recognition 
or accreditation of learning performed in non academic environment (“prior learning”) by means of the network 
partners was investigated. Owing to the presentation of the aim and objective of the topic, we present the results of a 
questionnaire set-up to be filled on-line by ISEKI_Food partners, in order to collect information around the 
consideration of prior experiences and /or learning activity, certificated when possible, are recognized by University to 
obtain ECTS in order to facilitate the student’s curriculum. Maximum of credits to be recognized, disciplines more 
frequently subjected to this procedure of recognition, type of agreement between university and other institutions 
(secondary schools, training agencies, etc,), prior experience/learning, are all items covered by the  survey. Many of the 
partners participating in the survey and/or attending the meetings where the prior experiential learning was explained 
showed interest in reporting their own experience whose results are changing from country to country. 
 
Key words: Recognition of Prior Learning, Accreditation of Prior Experiential Learning, Lifelong Learning, Euorpean 
Higher Education Area 
 
INTRODUCTION  
 
Recognition of prior learning could be a key 
point in implementing lifelong learning within 
the European Higher Education Area, as part of 
the so-called Bologna Process. Food 
Professionals could be more attracted to go 
back to higher education if their experiences 
and competences would be adequately 
recognised as credits in the study programmes 
they want to complete. 
In the frame of the ISEKI_Food 3 Academic 
Network project (www.iseki-food.eu), the 
activity inside a work package (WP7) was 
dedicated to the facilitation and promotion of 
Life Long Learning in higher education. To 
perform this objective, the work package was 
designed to have different activities 
corresponding to actions in different fields and 
related deliverables. Within the aims of the 
WP7, recognition or accreditation of learning 

performed in non academic environment (“prior 
learning”) was studied. APEL/RPL is the 
formal acknowledgement (based on 
professional assessment) of learning acquired 
from previous experience, usually from 
experience unrelated to an academic context. 
Accreditation here means recognition of 
individual experience/learning. 
APEL is the accreditation of prior experiential 
learning, that is, the award of credit for learning 
based on prior experience -- from work, 
community or volunteer experience -- which 
has not previously been assessed and/or 
awarded credit. By converting informal 
learning into certificated learning, APEL 
provides cost-effective routes to qualifications. 
It has potential significance for people who, 
through life and work experience, have learned 
knowledge, skills and analytical abilities that 
are comparable to those in a higher education 
award. 
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The objective of this work was to collect and to 
evaluate the procedure of APEL /RPL in 
different countries / academic environments. 
Data were collected from many partners, in 
order to deliver the final document Report on 
deliverable D7.2: Recognition of Prior 
Learning (Task Lead Beneficiary University of 
Bologna, document prepared by Marco Dalla 
Rosa with the contribution of Rui Costa). 
This document reports a survey of university 
network partners about APEL /RPL 
organization and methods used. It will include 
the identification of the cycle where the prior 
learning is recognized and the methodology 
applied to do it.  
 
MATERIAL AND METHODS 
 
A questionnaire was set-up to be filled on-line 
by ISEKI_Food3 European and ISEKI_ 
Mundus2 extra-Europe partners. In the 
questionnaire, questions were placed to collect 
information around the consideration of prior 
experiences and /or learning activity, certified 
when possible, were recognized by University 
to obtain ECTS in order to facilitate the 
student’s curriculum. For “accreditation” here 
means recognition of individual experience / 
learning in a specified subject or areas of 
expertise not necessarily awarded by a duly 
recognized and respected accrediting 
organization (ISO, BS, etc.). 
Maximum of credits to be recognized, 
disciplines more frequently subjected to this 
procedure of recognition, type of agreement 
between university and other institutions 
(secondary schools, training agencies, etc,), 
prior experience/ learning, were all items 
covered by the  questionnaire. At the end of it, 
for the universities where no ECTS are usually 
recognized, the final question regarded the 
possibility / idea or prediction to apply this type 
of facilitation in own institutions. 
 
RESULTS AND DISCUSSIONS 
This survey on which this paper is based had a 
total of 71 answers, 44 (62%) from Europe and 
27 (38%) from the other continents. All the 
ISEKI_Food3 partners resulted to have 
implemented the Bologna process, whilst only 
3 partners among the Mundus also did it. 

Less than 50% of the partners who answered 
showed to have RPL system, as indicated in 
Fig.1.  
Around 79% of the ISEKI_Food3 partners had 
an RPL process whilst 8 partners of 
ISEKI_Mundus2 participating to the survey had 
an RPL process. 
 

Fig. 1. Recognition of Prior Learning  
among partners participating in the survey 

Fig. 2. Recognition of Prior Learning  
on the basis of degree level 

 
In Fig. 2, the data of number of answers for the 
three cycles of high education were reported, 
mainly for the first and second degree level 
(bachelor and master degrees). Only in few 
cases, RPL was found to be applied for PhD. 
Most of the recognized prior learning or 
experiences found were related to foreign 
language certification, followed very closely 
by the working experience, and then a few 
cases of credits recognized for non-academic 
certification or other not well defined 
experiences were showed. Credits in 
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informatics and demonstration of personal 
skills were also considered. 
The main types of prior certified experiences 
(APL) to be recognized were those related to 
volunteer language courses able to deliver 
language certification (TOEFL, FIRST, etc.) or 
computer license and to the working expe-
riences. In some cases, other types of expe-
rience were recognized as well as different BSC 
degrees to enter the MSc Food Technology, 
formal courses from other institutions, subject 
credits within a Qualification for advanced 
entry with a portfolio of evidence, courses 
taken in an other University or College, 
Technological Specialization Courses (CET), 
similar courses with similar hours/credits, or 
only academic records. 
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Non academic certification

 
Fig. 3. Recognition of Prior Learning  

on the basis of type of certification / xperience 

A critical point on the recognition of prior 
learning for the sustainability of the degree 
courses of in the frame of the learning 
outcomes perspective, was related to the 
maximum of credit (ECTS in he European 
system) to be recognized. In fact, for the 50% 
of the partner having an RPL system, a limit of 
recognized credit number was fixed, as reported 
in Figure 4. In some cases, this maximum value 
was imposed by national law issued by 
Ministry of Education and in other institutions 
was fixed by internal regulation.  
The value of this maximum of credits to be 
recognized was found to be very different 
among countries, and even within the same 
country. 

yes,
imposed by
a national
law, 15%

yes,
imposed by
an internal
regulation
of the

institution,
27%

no, 58%

Maximumof credits to be recognised

 
Fig. 4. Presence of a threshold of credits to be recognised 

in Recognition of Prior Learning systems 
 
In Italy, for example, at Udine University there 
was a limit of 9 ECTS whilst at University of 
Bologna the limit was fixed on 30 ECTS. At 
Algarve University (Portugal) the value went 
up to 60 ECTS and at London Metropolitan 
University (UK) the threshold was up to the 
50% of the total ECTS.Almost 50% of the 
partner universities permitted that recognized 
ECTS might be used for both BSc and MSc 
degree levels. 
In relation to the area of discipline or academic 
activities in which the prior learning 
experiences were mainly recognized, the 
principal area was found to be the training, 
where completion of academic courses was 
compulsory. 
An object of discussion was related to the 
methodology of how to perform the recognition 
of prior experiential learning (or Accreditation 
of Prior Experiential Learning - APEL). As 
well as resulted from the questionnaire answers, 
most of the recognitions were performed by a 
special committee, followed by the presentation 
of a portfolio of experiences, a written 
examination or an examination specifically 
done by the teachers interested in the program  
proposed for recognition. 
Other question regarded when the university 
accepted a student through recognition of prior 
learning, if the institutions designed a specific 
study plan. In most of the universities (53%), 
there was a specific study plan for the 
applicants, whilst in the 7% of cases the plan 
was general and not individually driven; 
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however, in 40% of answers no specific plan 
was designed. 
Another interesting point to evaluate learning 
experience prior to the start the academic 
studies, was the possibility to have special 
agreements between university and secondary 
schools or higher education activities (as well 
as technical school programmes) where special 
courses could be given by university professors. 
This possibility seemed very interesting, 
looking to the Higher Education Area in 
Europe. Nevertheless, as resulted from our 
survey, in only around 1/3 of the answers 
(35%) resulted that there was an agreement 
between University and other Institution to 
recognize credits that the incoming students 
could ask for the accreditation, and thus the 
facilitation to obtain a bachelor or master 
degree. 
This type of recognition, regarding the 
agreement of learning experience between 
university and secondary schools, was limited 
according to local / national rules. 
 
CONCLUSIONS  
 
Among the universities participating in this 
ISEKI_Food3 activity, many of them showed 
interest in reporting their own experience on 
recognition of prior learning, which led to very 
differentiated results from country to country. 
Partners that did not implemented an RPL 
system yet mostly confirmed their interest in 
the procedure, and some of them declared that 
they would try to establish such a system in 
their own institution. 
In conclusion, RPL/APEL procedure did not 
appear to be simply a way to short-cut  the 
course programmes, but a methodology to 
recognize experiences and /or previous learning 
activities able to be included in the degree 
curriculum in order to facilitate the pathway to 
obtain the degree on the basis of valuable 
professional working or learning experiences. 
The establishment of a maximum of credits to 

be recognized resulted to be useful in order to 
avoid distortion in the learning programs and 
outcomes.  
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Abstract 
 
Livestock production is an important source of protein and other nutrients for human diet. It also contributes in a large 
measure to public health, social equity and economic growth. The development of this sector in the next decades will be 
driven by a foreseen increase in the demand for food products of animal origin, especially in the developing countries. 
This important demand will be satisfied through an increase in animal populations and an improvement in animal 
performances at the world scale. At that point, attention should be drawn to the sustainability of this development, since 
it appears that this sector has a major impact on the environment. The sustainability of livestock production systems 
can be achieved through intense research in: genetics and breeding (more efficient and robust animals, with a higher 
number of offspring and a lower variation among them, in a given population), nutrition (new feed sources, pastures’ 
improvement and a special focus on efficiency), societal demand (ensuring a decent income while improving the animal 
welfare), diseases (development of surveillance, diagnostics and detection systems). Already included in research 
activities, some alternatives to livestock production are actively studied: the development of in vitro meat production 
systems, the entomophagy (still regarded with skepticism in the Western countries) and micro-algae use. Even 
considering the intense research to expand these alternatives and the interesting results obtained until now, the biggest 
obstacle to overcome is represented by consumers’ acceptance.  
 
 
INTRODUCTION  
 
Nowadays, livestock systems occupy about 
30% of the planet’s emerged ice-free terrestrial 
area.  
Moreover, the livestock sector includes at least 
1.3 billion persons among the long market 
chain and supports directly the livelihood of 
600 million of poor smallholder farmers in the 
developing world [22].  
Livestock products provide important nutrients 
(17 % of kilocalorie consumption and 33% of 
high value protein consumption plus mineral 
substances and vitamins at a global level). 
However, there are large discrepancies between 
developed and developing countries. It must 
also be mentioned that eating meat is not only a 
question of nutritional needs but also a question 
of taste, odour and texture, as well as a question 
of culture, ethics, wealth and geographical area. 
On the one hand, livestock contributes to public 

health, culture, social equity and economic 
growth. It is one of the fastest growing sub-
sectors of agriculture in the developing part of 
the world. On the other hand, livestock systems 
have positive as well as negative impacts on 
natural resources and environment. 
The aim of this presentation is to introduce the 
recent trends and prospects in livestock 
production in order to answer the societal 
demand with respect to sustainable develop-
ment. Aquaculture and fisheries will not be 
considered here despite the fact that fish 
breeding has been one of the fastest developing 
sectors during this last decade. 
 
THE DRIVERS OF LIVESTOCK 
PRODUCTION DEVELOPMENT 
 
The world’s population growth is projected to 
reach 9 billion people in 2050, with marked 
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variations between developed and developing 
regions (Fig. 1).  

 

 
Fig. 1. Historical and forecasted global population  

in more developed ( ) and less developed  
( ) countries [23]. (Population × 109) 

This will increase the demand for food products 
of animal origin (milk and meat). 
Moreover, an increase in per capita 
consumption of animal products is also 
expected, linked to higher incomes and 
urbanization, factors that lead to modification 
of eating patterns. 
In particular, the demand for proteins 
originating from milk and meat will explode, 
especially in emerging countries (Table 1). The 
consumption of food products of animal origin, 
particularly meat, will stagnate, if not definitely 
decrease in some developed regions of the 
world. 
 

Table 1. Past and projected trends  
in consumption of meat and milk in developing  
and developed countries. Data for 1980-2015  

adapted from Steinfeld et al. [21] and for 2030-2050 
from FAO [8]. Projections are shown in italic 

 

Countries Years 

Annual per 
capita 

consumption 

Total 
consumption 

meat 
(kg) 

milk 
(kg) 

meat 
(Mt) 

milk 
(Mt) 

developing 

1980 14 34 47 114 
1990 18 38 73 152 
2002 28 44 137 222 
2015 32 55 184 323 
2030 38 67 252 452 
2050 44 78 326 585 

developed 

1980 73 195 86 228 
1990 80 200 100 251 
2002 78 202 102 265 
2015 83 203 112 273 
2030 89 209 121 284 
2050 94 216 126 295 

 
As seen in table 2, beef production and 
consumption, for example, is foreseen to 
increase everywhere except in EU-27 and 
Russia. The decline in EU’s beef production is 

mainly due to a decrease in the total number of 
dairy cows, in spite of an unchanged volume of 
milk production, all this due to genetic 
progress. 
 

Table 2. Beef sector in the world: 2010 and 2025 
perspectives (adapted from FAPRI, 2011 [9]) 

Country 
Production 

(1,000 tonnes) 
Consumption 
(1,000 tonnes) 

2010 2025 2010 2025 
United 
States 11,781 12,982 11,865 13,631 

Brazil 9,789 14,955 8,008 11,395 
EU-27 7,870 7,689 8,200 8,102 
China 5,550 7,957 5,528 8,464 
India 2,850 3,555 2,150 2,848 

Argentina 2,600 3,119 2,303 2,602 
Australia 2,080 2,579 760 868 

Russia 1,300 946 2,235 2,110 
Japan 510 431 1,207 1,364 

 
Perspectives on the evolution of different meat 
types’ consumption in EU-27, from 2010 to 
2020 are given in table 3. It must be highlighted 
the increase of poultry meat consumption 
despite the fact that poultry production is 
expected to decrease in Europe during this 
decade [3]. 
 

Table 3. Meat consumption in EU-27,  
2010 and 2020 perspectives (kg/capita/year) [6] 

 
 2010 2020 
Pork 41 kg 53.2% 41.6 kg 50.1% 
Poultry 17 kg 22.1% 23.6 kg 28.4% 
Beef 16 kg 20.8% 15.8 kg 19.0% 
Sheep and goat 3 kg 3.9% 2 kg 2.4% 
Total 77 kg 100% 83 kg 100% 

 
 
THE PRODUCTION SECTOR’S 
RESPONSE 
 
The response of the livestock sector will be an 
increase in animal population (Fig. 2); at the 
same time, a heavier carcass weight and a 
higher egg production are expected. 
The production systems will be predominantly 
confined for swine and poultry meat production 
implying a better productivity in developing 
countries. However, despite the fact that swine, 
poultry and fish breeding will be the fastest 
developing sectors, ruminants will remain 
important because they are able to transform 
grass and fibrous by-products into milk and 
meat even when the land is inappropriate for 
agriculture. 
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Fig. 2. (a) Projected number of (i) bovines and (ii) sheep 
and goats to 2050 in the ‘reference world’. (b) Projected 

number of (i) pigs and (ii) poultry to 2050 in the 
‘reference world’. CWANA, Central and West Asia and 
North Africa; ESAP, East ad South Asia and the Pacific; 

LAC, Latin America and the Caribbean; NAE, North 
America and Europe; SSA, sub-Saharan Africa [19] [22] 
 
As recent assessments expect only a little 
increase in pasture land areas, ruminant grazing 
intensity in the rangelands is projected to 
increase, resulting in a considerable 
intensification of livestock production in the 
humid and sub-humid grazing systems of the 
world, particularly in Latin America and the 
Caribbean [22].  
 
THE CHALLENGES THAT HAVE TO BE 
OVERCOME 

 
Political agreements and decisions at a world 
scale (World Trade Organization, Common 
Agricultural Policy…) will influence the future 

of animal production. However, this very 
important aspect will not be discussed here. 
The development of livestock production has to 
be sustainable. As described by Hocquette and 
Chatelier (2011) [11], sustainability of 
livestock farming is a multidimensional 
approach with three major dimensions: 
economic efficiency, protection of the 
environment and last but not least, social 
acceptability. Each of them results from the 
aggregation of different criteria as illustrated in 
Fig. 3.  

 
Fig. 3. The sustainability of livestock farming [11]. 

 
Concerning the economic aspect, it seems 
obvious that the development of livestock 
production requires a minimum income for 
breeders. This implies competitiveness of 
animal production systems, which is linked to 
farm structure and progress in nutrition, 
genetics, breeding and veterinary medicine. 
Livestock production appears to have a major 
(and too often negative) impact on the 
environment: land use change, especially 
deforestation, nutrients’ excretion (N, P) and 
water eutrophication, fossil energy use for feed 
production, competition for food, emission of 
greenhouse gases. Recently, Lesschen et al. 
(2012) [15] quantified the greenhouse gas 
emissions of the European livestock sectors and 
showed a large variation between the animal 
sectors and the countries. 
Finally, if ensuring a minimum income for 
farmers is vital for sustaining the vibrant rural 
communities, many other social considerations 
have to be taken into account: respect of animal 
welfare, products’ safety, natural feeding and 
breeding, quality of life of farmers. 
In a resource-challenged planet and a global 
world, the future of livestock production is 
strongly tied to change in population (see 
above) but also to climate changes and fossil 
fuel availability (Fig. 4). 

31



 

 
Fig. 4. Future livestock production is being  

shaped by three main forces [10]  
 

The price of feed is also correlated with the 
price of fossil fuel (through nitrogen fertilizers, 
feed processing, etc.). The price of feedstuffs is 
also strongly tied to the climate, which 
influences crops’ yields and hence, could limit 
the supply. In that case, the law of supply and 
demand leads to an increase of cereal and meal 
prices and we know that the cost of feed 
represents a main part (60% and more) of the 
production cost of animal products.  
High feed costs will thus have a negative 
impact on the benefits of the farmers or 
determine higher prices of animal products for 
the consumers. Both situations are deleterious 
for animal production. 
Moreover, low yields in cereals and other 
grains exacerbate the competition between 
food, feed and bio-fuel, which results in higher 
prices of these feeds. These parameters will 
have a strong impact on the development of 
swine and poultry industries especially. 
The climate changes will affect grazing and non-
grazing systems through direct and indirect 
impact factors as indicated in table 4. 
Finally, the impact of animal diseases is 
difficult to foresee. However, in a globalized 
and highly inter-connected world, the spread of 
diseases is almost unavoidable. 
Moreover, climate change may have an impact 
on disease distribution. New diseases (included 
zoonoses) may also emerge (see the recent 
avian influenza H5N1 case). 
The economic impact of diseases is 
increasingly difficult to quantify but it may be 
enormous, globalized or localized. 
 
 
 

Table 4. Direct and indirect impact of climate  
change on livestock production systems  

(adapted from Thornton, 2010 [22]) 
grazing systems non-grazing systems 

direct impacts 
extreme weather events water availability 

drought and floods extreme weather events 
productivity losses 

(physiological stress) owing 
to temperature increase 

water availability 

 

indirect impacts 

agro-ecological changes : increased resource price, e.g. 
feed and energy 

fodder quality and quality disease epidemics 

host-pathogen interactions increased cost of animal 
housing, e.g. cooling systems 

disease epidemics  
 

 
LIVESTOCK SCIENCE AND 
TECHNOLOGY USED TO OVERCOME 
THE CHALLENGES 
 
As a general comment, we can say that 
robustness, hardiness, flexibility, plasticity and 
resilience are the new quality criteria for farm 
animals and farming systems, i.e. their capacity 
to adapt to a permanent changing environment 
or to adapt to various stressing perturbations. 
This topic has been recently reviewed by 
several researchers from the Institut National de 
la Recherche Argonomique (INRA) [12].  
In order to contribute to the development of 
livestock production in the next decades, 
livestock science should focus on the three 
dimensions of sustainability through research in 
genetics and breeding, nutrition, diseases, 
animal welfare, economy, social sciences. 
Some examples of research to focus on in 
relation to practice are given below. 
 
Genetics and breeding 
 

 to produce more and more efficient (see table 
5) and robust animals; 
 to alleviate welfare problems in farm 

animals; 
 to mitigate emissions of greenhouse gas in 

ruminants by selection alone or in combination 
with nutrition and husbandry;  
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Table 5.  Improvements in livestock productivity over the 
past 40-50 years [24] 

 

Species Trait 
Indicative performance 

1960 2015 % 
increase 

Pigs 

Pigs 
weaned/sow/year 14 21 50 

Proportion  
of lean meat 0.40 0.55 37 

FCR 3.0 2.2 27 
kg lean 

meat/tonne feed 85 170 100 

Broiler 
chickens 

Days until 2 kg are 
reached 100 40 60 

Laying hens Eggs/year 230 300 30 
Eggs/tonne feed 5000 9000 80 

Dairy cows kg 
milk/cow/lactation 6000 10 000 67 

 
N.B. Another way to reduce N, P contents in 
slurry and emissions is to consume less animal 
products according to some authors. 
 

 to reduce variations between animals, in feed 
conversion efficiency for example; 
 the use of genetic/genomic;  
 to increase the number of offspring, 

especially in pigs, sheep and other production 
animals relevant for developing world ;  
 to reverse fertility loss in dairy cattle. 

 

N.B. Some words about cloning of farm 
animals.  
The main reason for cloning farmed animals is 
to produce elite livestock for meat and milk 
quantity and quality, for resistance to diseases 
(e.g. mastitis, infectious or parasitic diseases), 
for improving fertility or for maintaining 
genetic diversity [7]. 
In a very recent update [7] on the possible 
scientific developments for cloning of farmed 
animals for food production purposes, EFSA 
statement (based on peer reviewed scientific 
literature published since the EFSA 2010 
statement and other information made 
available to EFSA) doesn’t change compared 
to previous ones (EFSA 2008, 2009, 2010). 
 

Nutrition 
 

 focusing on efficiency of nutrition is an 
essential challenge to limit the cost of using 
high quality nutrients as resources for animal 
feed, to reduce the competition between feed 
and food production and to reduce potential 
harmful GHG emissions or N, P excretion in 
slurry ; 
 

N.B. Production of bio-fuels of second 
generation (from fibrous material instead of 
cereals) would also decrease the competition 
between food-feed-fuel. 
 

 the recent approaches consisting of animal 
genomes’ sequencing and «omics» open a new 
scientific era to improve nutrition and 
biological efficiency of animals [11]; 
 molecular aspects of digestion and 

improvement of gut efficiency management; 
 reduction of rejects (N, P…) and gas 

emission (in combination with genetic 
improvement); 
 study of new feed sources (by-products, 

crops’ residues); 
 fibrous feed digestion improvement through 

the use of enzymes for farmed animals 
including pigs and poultry; 
 pastures’ improvement and introduction of 

legumes in pasture lands; 
 natural feeding. 

 

Societal demand  
 

 liveability of livestock farms and work 
organization; 
 ensuring a decent income for farmers is 

important to sustain vibrant communities in 
rural areas; 
 improvement of animal welfare and 

development of welfare indicators at the farm 
level. 
 

Diseases 
 

Concerning diseases, the threat will remain 
diverse and dynamic with the emergence of 
unexpected diseases linked to climate changes, 
water problems, travel, migration and world 
trade. Therefore, according to different authors 
[22], detection systems, surveillance, 
diagnostics, resistance, selection via molecular 
genetic markers, cross-breeding, genome 
sequencing and antiviral drugs will be 
considered prioritized 
esearch topics and successful tools to fight 
against diseases. 
 
N.B. Nanotechnologies: a truly revolutionary 
tool in the future of animal production? 
 
Nanotechnologies concern particles between 1 
to 100 nm (size range of many molecules). 
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Some applications of nanotechnologies in the 
livestock sector are presented in table 6. 
 

Table 6. Examples of nanotechnologies applications in 
animal production [14] 

 
Category Case description Nanomaterials 

(if available) 

Pathogen 
detection and 

removal 

Nanodetector and 
Immunomagnetic bead 

removal of 
S. typhi from chicken 

skin 
Nanodetector for Foot 

and Mouth Virus (FMV) 

Antibodies with 
magnetic 
marker 

Nano-structured gold 
films, 

Single chain antibody 

Veterinary 
medicine 

Nanoparticles to deliver 
growth 

hormone to pigs 
Nanoparticles for 

delivery of 
vaccines into sheep or 

other 
livestock 

Porcine somatotropin 
(pST) 

in PLGA-
nanocapsule 

Polystyrene nano-
beads 

linked to antigens 

Feed 
improvement 

and waste 
safety 

Nanoparticles to bind 
Camplyobacter in turkey 
Nanoparticles to detect 
contaminants in animal 

feed 

Unknown polymeric 
nanoparticles (« P ») 

(PS-PEG- 
mannose used as 

example) 
Europium 

nanoparticles 

Animal 
breeding and 

genetics 

Nanofibers to deliver 
genes to 

animal cells 
Nanoparticles to assist in 

the 
delivery genes into 

livestock for 
genetic engineering of 

traits 

Vertically Arrayed 
Carbon 

Nanofibres (VCNF) 
Silica nanoparticles 

Identity 
preservation 
and tracking 

DNA chip to detect 
cytochrome b 

genes in feed and food 

Oligonucleotide 
probes on 

glass surface using 
photo- 

nano-lithography 

Nanobarcodes to trace 
feed and 

animal from farm to fork 

Antibodies linked to 
gold and 

silver, and other 
metal-based 

nanobars 
 

The properties of nanomaterials include 
greater penetrability, reactivity, surface area 
and quantum properties due to their size. These 
properties allow the use of less material and 
new or more efficient chemical and physical 
reactions in comparison to larger scale 
materials. In animal production sector, 
according to Kuzma (2010) [14], 
nanotechnologies could present very diversified 
applications in various fields such as: 

 pathogen detection and removal; 
 veterinary medicine; 
 feed efficiency improvement and waste 

remediation; 
 animal breeding and genetics; 
 identity preservation and tracking. 

However, prior to market entry, health and 
environmental risks have to be taken fully into 
account. 
 
FUTURE ALTERNATIVES TO 
LIVESTOCK PRODUCTION 
 
The production of novel proteins as alternative 
to meat is not new. In the past, oil companies 
used waste/by products (alkanes, methanol) as a 
substrate for single cell protein production 
(yeast or bacteria). However, these productions 
could not compete with the price of soy and 
fish when the price of oil increased. 
Among novel sources of proteins, the RuBisCo 
protein (ribulose-1,5-biphosphate carboxylase 
oxygenase) found in grass has a high nutritional 
and functional value. Nevertheless, this protein 
has to be extracted and separated from the 
chlorophyll. Also, in the end, this protein has 
not made its entry on the food market, at least 
until the present.  
A more successful novel protein is the imitation 
meat mycoprotein, also known as Quorn® 
brand. This mycoprotein is produced from a 
Fusarium spp. that grows on molasses. 
Nowadays, Quorn® is perceived as a substitute 
for meat. 

However, our objective here is not to give 
an exhaustive review of the novel proteins. In 
this presentation, we will focus on three 
alternatives to meat: in vitro meat production, 
insects and micro-algae. 
 

In vitro meat production system (IMPS) 
 

The basis of an in vitro meat production system 
involves the culture of muscle cells in a liquid 
medium on a large scale inside a bioreactor. It 
is presented as a humane, safe and 
environmentally beneficial alternative to 
slaughtered animal flesh. 
This emerging technology has recently and 
extensively been reviewed by Datar and Betti 
(2010) [5] and Bath and Bath (2011) [3]. In 
fact, IMPS faces considerably great technical 
challenges to produce highly structured meat 
types providing consistency, fat marbling and 
taste; at least a decade of research is still 
needed to establish a sustainable in vitro meat 
culturing system at an industrial scale. 
Besides this problem, other major obstacles that 
have to be overcome are the prohibitive cost, 

34



 

the large-scale production and the consumer 
acceptability. 
 
Entomophagy (insect eating) 
 

About 1400 insect species are edible and 
regularly consumed through gathering in 
Africa, Asia, Australia and Latin America [25]. 
They are consumed at different stages of 
development: eggs, larvae, pupae and adults. 
Insects are rich sources of proteins of high 
quality, fatty acids, minerals (Zn, Fe) and 
vitamins (table 7).  
 
 
 

Table 7. Nutritional value of insects (g/100 g dry weight) 
[25] 

 
 

 

Protein 

Fat 

M
ineral 

Carbohydrate
s 

Kcal 

Structural 

O
thers 

Orthoptera 
Grasshoppers 
and locusts 

61-
77 4-17 2-17 9-12 4-21 362-

427 
Coleoptera 

Beetles 21-
54 

18-
52 1-7 6-23 1-19 410-

574 
Lepidoptera 

Butterflies 
and moths 

15-
60 7-77 3-8 2-29 1-29 293-

762 
Hymenoptera 

Bees and ants 1-81 4-62 0-6 1-6 8-93 416-
655 

Meat* 45-
55 

40-
57 

1.4-
2.3 0-1.5 0 433-

652 
Derived from Bukkens (1997) [4], Ramos-Elorduy et al. (1997) [17]. * 
The values for meat are derived from Nevo-tabel, original data in g/100 
g product. 

The in vitro protein digestibility is high 
between 77 and 98% (table 8) [17]. 

 

Of course, the digestibility values for insects 
with an exoskeleton are lower due to chitin. 
Most insects contain sufficient essential amino 
acids to fulfill the nutritional requirements. The 
first limiting amino acid is either tryptophan or 
lysine. 
Insects have much higher food conversion 
efficiency than that of beef (x5 for crickets for 
example). 
Among the disadvantages of insects as food, we 
can mention the variability concerning 
nutritional value, the difficulty of rearing at a 
large scale for several species, the vulnerability 
to diseases in insect farms and the allergenic 
properties for people working with them. 
Clean and uniform insects could be produced 
through artificial rearing. The production of 
insects is already a practice at the industrial 

level, one reason for this being their use in 
eradication of several pests. Therefore, 
ecosystems will not be damaged as it could be 
in the case of massive gathering. 
 

Table 8. In vitro protein digestibility of selected species 
of edible insects from the state of Oaxaca (Mexico) [17] 

 

Species 
Percentage 

of total 
protein 

Percentage 
of 

digestible 
protein 

Percentage 
of 

digestibility 

Sphenarium 
histrio 77.1 66.1 85 

AXAYACATL* 58.0 56.9 98.0 
AHUAHUTLE** 61.9 55.3 89.3 

Xyleutes 
redtembacheri 42.7 39.5 92.4 

Eucheira socialis 46.7 43.7 93.5 
Atta mexicana 46.3 40.6 87.6 
Brachygastra 

Mellifica 52.8 45.0 85.2 

Vespula 
squamosa 62.9 48.1 76.6 

Polybia parvulina 61.4 53.0 86.4 
* Adults of aquatic bugs of the genus Krizousacorixa, Corisella and 
Notonecta;  
** Eggs of aquatic bugs of the genus Krizousacorixa, Corisella and 
Notonecta. 
 

A solution to these problems would be 
culturing the insect cells in suspension, in a 
bioreactor. 
Until now, insects have been considered 
important as a part of traditional diet for several 
populations. However, in Western countries 
many people dislike insects, considering them 
dirty, harmful or fear-inspiring. Their disgust is 
not inherent. This attitude towards insects is 
formed during infancy due the behavior and 
beliefs of people surrounding the child. 
However, it has to be pointed out that all of us 
eat regularly insects unconsciously.  

 
Table 9. Example of foodstuffs and cuisine [16] 

 

Insect Treate
d form 

Other ingredients to 
be added 

 

Form to 
be eaten 

Mealworm Dry 
flour maize flour Tortilla 

Crickets Dry 
flour 

wheat flour, buttermilk,  
baking powder Bread 

Grasshoppers Ground miso, sugar, 
minced walnut Paste 

Wasp larvae Minced 
wheat flour, soybean 
flour, mashed potatoes, 
vegetables 

Wasp 
ball 

Any insect Ground 
minced meat,  
wheat flour, onion, 
mashed potatoes, egg 

Insect 
burger 

 

Indeed, insects or parts of insects contaminate 
our food and it is almost impossible to avoid 
this. Anyway, FDA (US) has prescribed 
permissible levels of insects’ contamination of 
food. Practically, it is believed that in the future 
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insects will be incorporated in several dishes in 
an unrecognizable form (table 9) or they will be 
regarded by some people as a delicacy. 
 
Micro-algae 
Nowadays, commercial large-scale cultures 
(Chlorella spp., Arthrospira spp., Dunaliella 
salina, Spirulina spp.) are spread around the 
world, producing about 5.000 t of dry matter 
per year and generating a turnover of 
approximately 1.25 x 109/year US$ (processed 
products not included) [20]. 
Micro-algae production for protein supply was 
replaced about fifty years ago by the green 
revolution and, until now, the major sales of 
micro-algae products can be found in the health 
food and cosmetics market. Micro-algae are 
also used as feed supplement or substitute for 
conventional protein sources in poultry feeding 
and aquaculture (± 30% of the current world 
algal production) [2]. 
Micro-algae are produced outdoor in open 
systems (open ponds) in tropical and 
subtropical regions or in closed system in a 
photobioreactor.  
The mean chemical composition of different 
micro-algae is included in table 10. 
 

Table 10. General composition of different algae selected 
for large-scale production (percentage of dry matter) [2] 

 

Algae Protein Carbohydrates Lipids 
Chlorella pyrenoidosa 57 26 2 

Chlorella vulgaris 51-58 12-17 14-22 
Scenedesmus obliquus 50-56 10-17 12-14 
Arthrospira maxima 60-71 13-16 6-7 
Spirulina platensis 46-63 8-14 4-9 

The high protein content of the algae and their 
amino acids’ profile can be favorably compared 
with that of reference proteins. This is one of 
the main reasons to consider them as a good 
alternative source of proteins. Moreover, the 
parameters characterizing the nutritional quality 
of some algal proteins are rather good but 
lower, of course, than those of animal proteins 
being also influenced by the processing (table 
11) [12]. 
It has to be pointed out that the values of 
protein content given in table 10 are crude 
protein (N x 6.25). Besides protein, there are 
other constituents as nucleic acids, amines, 
glucosamines and cell wall parts containing 
nitrogen. The true protein content is thus 
overestimated. According to Becker (2004) [2], 

the content of non-protein nitrogen reaches 
12% in Scenedesmus obliquus, 11,5% in 
Spirulina spp. and 6% in Dunaliella spp. 
 

Table 11. Comparative data on biological value (BV), 
digestibility, coefficient (DC), net protein utilization 

(NPU) and protein efficiency ratio (PER) of differently 
processed algae [1] [18]. 

 
Alga Processing BV DC NPU PER 

Casein - 87.8 95.1 83.4 2.50 
Egg - 94.7 94.2 89.1 - 

Scenedesmus 
obliquus DD2 75.0 88.0 67.3 1.99 

Scenedesmus 
obliquus SD3 72.1 72.5 52.0 1.14 

Scenedesmus 
obliquus 

Cooked-
SD3 71.9 77.1 55.5 1.20 

Chlorella sp. AD1 52.9 59.4 31.4 0.84 
Chlorella sp. DD2 76.6 89.0 68.0 2.00 
Coelastrum 
proboscideum DD2 76.0 88.0 68.0 2.10 

Spirulina sp. SD3 77.6 83.9 65.0 1.78 
Spirulina sp. DD2 68.0 75.5 52.7 2.10 

1air dried; 2 drum dried; 3 sun dried. 
 

The lipid content of micro-algae is variable and 
can reach 70%-90% of the dry matter in some 
species and under certain nutritional and 
environmental conditions. These lipids contain 
fatty acids from the 3 and 6 families. 
Carbohydrates are found in the form of sugars 
and polysaccharides (hemicellulose). As 
mentioned in table 10, their content in micro-
algae is high. The cell wall of micro-algae has 
an adverse effect on the digestibility of humans 
and mono-gastric animals. It is the reason why 
effective treatments are necessary to disrupt the 
cell wall (table 11) [13]. 
Micro-algae represent also a valuable source of 
nearly all vitamins (A, E, B, C) and of pigments 
(chlorophyll, carotenoids and 
phycobiliproteins). 
As mentioned above, micro-algae have not 
gained significant importance as a food 
product, until this now. The major obstacles are 
the powder-like consistency of the dried 
biomass, its dark green color, its slightly fishy 
smell, the difficulties of the separation from 
culture media and of starvation and last but not 
least the price that is too high to compete with 
conventional protein sources. 
 
CONCLUSIONS 
 
At a global level, livestock production seems to 
be secured during the next decades. This is 
largely driven by human population growth, 
increased incomes and urbanization. It is 
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unlikely that vegan diets will be adopted by a 
majority of people, particularly in developed 
countries. Yet, the sector has to improve 
animals’ efficiency, to mitigate his negative 
impacts on the environment throughout the 
world, as well as to respect animal welfare 
particularly in intensive production systems and 
in developed countries. 
Progress in breeding, genetics, nutrition and 
animal health will contribute to the near future 
advances in livestock production and in the 
competitiveness of livestock production sector. 
Concerning alternatives to meat, many 
scientific works and progress in technology 
have to be performed. However, the biggest 
obstacle will be the acceptance by the 
consumers. 
In the future, carbon-constrained economy and 
increasing pressure on natural resources (water, 
land and air) will be determinant factors 
influencing livestock evolution; 
industrialization of livestock production will 
lead to problems of air and water pollution and 
the mitigation of this pollution will add to the 
cost of this production in some places. 
Moreover, what will be the consequence of 
livestock industrialization on alleviation of 
poverty? What will be the future of 
smallholders? [22] 
In a first step, the challenge would be to 
develop new concepts for efficient and 
sustainable animal production including 
environmental, economic and social issues. 
Moreover, considering not only the focus on 
productivity, the interactions between land use, 
food carbon footprint and consumers’ 
expectations have to be taken into account.  
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Abstract 
 
The control of tree performance by exploiting the interactions of tree and environment is among the goals of 
ecophysiology. This discipline has accompanied genetic improvement of tree crops over the last half century, and has 
provided the scientific bases of orchard efficiency and productivity. High density plantings have their roots in the 
knowledge of the interactions between trees and incoming radiation. Pruning, thinning, water management and other 
cultural practices are based on similar knowledge. The continuing efforts in elucidating the relationships between 
environment and trees/tree parts are now focusing on organs such as the fruit, which is becoming an integrator of the 
plant’s well being: if  fruit grow as expected (when measured precisely) they reveal/confirm a healthy status and  
proper management of the tree. Current knowledge on tree water relations, fruit development, and their determinants at 
the vascular level are paving the way for future innovation in the management of irrigation, that will allow to better 
tailor water restitution to the tree needs on a daily, instead of a seasonal, scale. Similarly, knowledge of the complex 
relationships between incoming light and tree performance promises to allow to maintain orchard productivity and 
quality while consuming less water. The role ecophysiology can play to offset climate change stems, along with the 
benefits deriving by a smarter use of renewable resources leading to a smaller water print and energy uptake, also from 
the capacity that orchards have to sequester Carbon. There is a growing body of knowledge that is amenable to 
innovation transfer and technological uptake, which will likely form the backbone of precision fruit growing, which will 
in turn allow to gauge and control in real time the development of the crop, giving the grower the possibility to change 
his/her management according to the actual orchard needs. 
 
Key words: fruit growth, light conditioning, precision fruit growing, source-sink relationships, water management 
 
 
INTRODUCTION 
 
The physiology of Carbon in fruit trees is of 
paramount importance in fruit production: from 
an evolutionary point of view, fruit trees aim to 
produce and disperse the highest amount of 
seed, the fruit being a very sophisticated 
vehicle for such dispersal. As it happens, fruit 
growers are not interested in high production of 
seeds, but of what makes them so attractive to 
potential agents of dispersal: the fruit. Over the 
ages, man has learned many ways 
(encompassing breeding and management 
techniques) to govern tree growth towards this 
goal. The modern orchardists employ the latest 
available knowledge to improve on existing 
solutions. This continuing effort has its roots in 
the need to maintain economic viability and, 
more recently, in the pressing demands that 
environment, renewable resources and energy 

inputs be considered as important factors in 
fruit production as productivity and quality 
themselves.  
Ecophysiology deals with the interaction of 
plants and the environment. At a time when 
climate change is a threat, ecophysiology is 
ideally placed at the frontier of current research 
aiming to maintain orchard profitability in a 
new environmental set of conditions. If 
ecophysiology is to remain as important as 
genetics in determining orchard performance, it 
will have to continuously release information to 
the growers who will then be able to improve 
their operations by adoption of newly available 
knowledge. The exciting news from 
ecophysiology is that it is well equipped to 
meet this challenge. Following is a brief survey 
of the “classic” knowledge and a vision on how 
its developments will be able to continue 
supporting growers in their endeavour.  
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The impact of ecophysiology on fruit quality 
and orchard productivity 
Light interception and orchard productivity 
The basis of orchard productivity lies in the 
interaction between the tree and sunlight. Not 
only must light be intercepted, but also well 
distributed within the canopy. Therefore, the 
grower must achieve a high light interception in 
the shortest possible time (main advantage of 
high density systems), while maintaining by 
proper pruning an open canopy, where no 
shading occurs, which may not be so easy in 
the presence of very closely spaced trees, 
particularly if under vigorous conditions. The 
early work of Heinecke [11], Jackson [13] and 
Cain [3] in fact demonstrated the need to 
couple light interception with distribution 
within the canopy: they agreed that at least 30% 
of the incident light was needed to ensure fruit 
color, quality, and to ensure flower bud 
differentiation. The amount of light intercepted 
by a plant is linearly related to the amount of 
dry matter it produces [23]. This does not 
automatically translate into high yields as 
partitioning of the photosynthetic products into 
marketable apples must not be taken for 
granted: mechanisms of competition for 
resources are always at work during the season, 
and the fruit is a weak competitor in the early 
part of its growth cycle. Researchers have 
shown that in properly managed, efficient 
orchards, yield of marketable apples increases 
linearly with the percentage of light intercepted. 
The relationship, however, is not clear cut: 
from his collation of published data, Lakso [15] 
showed that at values greater than 50% light 
intercepted, both very high or very low yields 
have been reported (Fig. 1).  
Many modern training systems strive to achieve 
this balance of high light interception and good 
distribution, making full use of dwarfing 
rootstocks and other vigor-controlling 
techniques. The slender spindle training system 
allows to optimize light 
interception/distribution for low vigor 
environments, such as are common in northern 
Europe, or in Alpine environments, but many 
modern training systems have been designed to 
improve this aspect as reviewed by Robinson 
[34]. It is interesting that without failure the 
same physiological principles are applied 

everywhere, although they lead to different 
solutions, because of the different environments  

Fig. 1. A compilation of third party data depicting the 
relation of orchard yields to Photosynthetically Active 

Radiation intercepted by the canopy, for different 
training systems and planting densities. For full 

explanation see [15] 
 
where the systems have been developed. 
Adapting the solution to local environments is 
one of the key factors to successful 
implementation of the physiological knowledge 
available. If one considers the characteristics of 
virtually all the training systems that have been 
developed, it is easy to find a close relationship 
between the training system and the 
environment where it was developed. For 
example, the HYTECH system [1] was 
designed to reduce fruit sunburn damage by 
using vegetation as a natural screen for 
sunlight, a considerable problem in the apple-
producing region of Washington State.  
From the above discussion, it can be concluded 
that not in all environments maximum light 
interception is necessarily the best goal. Under 
conditions of high light intensity and low 
precipitation (unless sufficient water is 
available), one may question whether training 
systems that expose the leaves to very high 
light levels for a very long time during the day 
are so desirable.  
 
Source-sink relationships 
Leaf Demography. Source leaves are needed to 
generate carbon flows towards vegetative and 
reproductive sinks. Different leaves may have a 
different role and impact on tree productivity 
because of several factors: the light 
environment where the buds have 
differentiated, the current season light 
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environment under which they have developed 
(determining their light/shade characteristics), 
the type of leaf (spur vs. shoots). A linear 
relationship was found between spur leaf area 
and yield per tree in apple (Fig. 2), but not for 
either shoot leaves or for total tree leaf area, the 
main reason being that spur leaves support fruit 
growth early in the season, before and at the 
time of fruit set [38, 6]. A similar role for the 
leaves of the shoot emerging from the axil of a 
node carrying a fruit has been indicated for 
peaches as well [7]. These findings illustrate 
the need for an efficient, well developed leaf 
area early in the season, when fruit growth is by 
cell division, and the potential for fruit size is 
set.  
 

 
Fig. 2. Relationship between cumulative spur-leaf area and 
cumulative yield per tree, according to training system, for 

mature apple trees (Golden Delicious/M9) 
 
The importance of partitioning. In fruit trees, 
resources are allocated to different growing 
sinks, of which only fruit has a commercial 
value. Fruit grow by accumulation of water, 
photoassimilates and other phloem and xylem 
sap components. Carbohydrates are 
translocated from source leaves via a process 
beginning with their loading into the phloem, 
transport and unloading into sink organs. The 
process determining how much carbon is 
translocated to the different types of sink 
(vegetative vs. reproductive) is normally 
termed “assimilate partitioning” and can be 
limited both by the amount of carbon available 
for export (source limitation) and/or by the 
capacity of the different organs to import 
carbon (sink limitation) [39, 8]. A source 
limitation may depend on photosynthetic 
activity, sugar synthesis in the leaf, or on 
phloem loading, while sink limitation is a 

function of the sink ability to attract assimilates 
(sink strength). Without continuous supply of 
carbohydrates, fruit cannot grow. Assimilate 
partitioning is a complex phenomenon which 
can be controlled through many cultural 
techniques, among which pruning, fertilization, 
crop load management and irrigation are the 
most effective. For example, flat, well 
illuminated canopies (palmette and 
minibush/minispindle) produced about 50% 
more apples/leaf area units than did bushy-type 
trees [36], which had less uniform light 
distribution profiles [5].  
 
The effect of crop load on fruit growth. Crop 
load strongly affects resource availability, as 
source organs may not be able to supply 
sufficient resources to all growing sinks [32, 8]. 
Furthermore, crop load negatively affects leaf, 
stem, and fruit water potentials [21, 29], thus 
changing the hydrostatic pressure gradients 
along the vascular paths. This may affect 
vascular flows delivering water and carbon to 
the fruit, as resource translocation responds to  
hydrostatic pressure gradients in the phloem 
and xylem vessels [28]. Thus, perhaps 
unexpectedly, the impact of crop load on fruit 
growth is twofold, as on one side it reduces the  
amount of carbohydrates available to each fruit 
and on the other it makes it more difficult for 
the fruit to attract water and solutes. As a result 
high crop levels reduce fruit growth rates and 
size at harvest. On the other hand, a moderate 
to high crop level may limit vegetative growth, 
and improve light distribution into the canopy. 
Furthermore, a high assimilate demand from 
reproductive sinks has been found to enhance 
the photosynthetic performance of  leaves [10]. 
 
Managing fruit size and yield: thinning and 
monitoring fruit growth. The relationships 
between crop load, fruit size and yield are not 
linear (Fig. 3). At high crop loads reducing fruit 
number brings about a more than proportional 
increase in fruit size. At low crop loads 
however, size no longer responds to fruit 
removal. A similar (but opposite) relation holds 
between crop load and yield: a more than  
 
 
 

41



Fig. 3. Responses of mean fruit weight (a) and total tree 
productivity (b) to crop load (expressed as fruit number 
per cm2 of trunk sectional area- TCSA) for ‘Red Gold’ 

peach trees, during two consecutive seasons. The arrows 
indicate the crop level (corresponding to 1.5 fruit cm-2 

TCSA) at which the best compromise between quantity 
(yield) and quality (fruit weight) is obtained for the 
cultivar considered in the Po Valley environmental 

conditions 
 
proportional initial response of yield to crop 
load is followed by a diminishing response in 
which the decreasing fruit size offsets the 
increase in fruit density, so that even though 
yield may still increase its economic value does 
not. Fruit quality in fact is more readily affected 
than yield at commercial crop loads. The 
challenge to the grower then becomes that of 
setting crop loads to the most profitable levels 
which, under current market conditions, means 
striking the “yield/fruit weight” balance which 
returns the maximum economic revenues.  This 
balance is achieved, for those crops which set 
excessive fruit numbers, via thinning, which 
aims to minimise fruit-to-fruit competition 
since the earliest phases of fruit development. 
However, reliable indicators that the 
appropriate crop load has been set are still 
lacking and it will be a task for future research 
to achieve this result.  
  
Seasonal fruit growth. Fruit size at harvest can 
be defined as the product of fruit cell number, 
times cell volume, plus intercellular space. The 
early stages of fruit development are 
characterized by an intense cell division which 
is subsequently followed by cell expansion 
[33]. In temperate fruit species, endogenous 
(e.g. crop load and leaf type) and environmental 

factors (mainly temperature) are known to 
affect the cell division process, thus impacting 
on the potential of fruit development that is 
achieved [40, 37]. The dynamics (e.g. time, 
rates) of fruit cell division and cell expansion 
result in a seasonal growing pattern which may 
be different depending on the species. These 
patterns may be described in terms of diameter, 
volume or weight by use of different models, 
which represent useful tools to monitor the fruit 
growth performances during the season. 
 
Water relations 
The functions of water within plants are 
numerous, of which the most important is to 
provide a means for leaves to control their 
temperature via the liquid-to-gas phase change 
which consumes some of their heat load and 
which generates the transpiration stream 
towards the atmosphere. This of course requires 
stomata to be open. In turn, open stomata allow 
CO2 influxes that sustain photosynthesis. In 
addition to these functions, movement of 
mineral and organic resources within a tree is 
permitted/regulated by the plant capacity to 
generate potential gradients within its different 
parts.  
Growing sinks (which include fruit and 
growing shoot tips) rely on the existence of 
these gradients to attract the resources they 
need for their growth and survival. Regulation 
of the balance between vegetative and 
reproductive growth can be achieved via proper 
management of water supply through irrigation, 
as in the “classic” regulated deficit irrigation 
(RDI) approach proposed over three decades 
ago [22]. Management of tree water relations 
via irrigation has thus become one of the most 
important tools to control tree productivity and 
fruit quality worldwide. Instrumentation and 
scientific knowledge have been developed to 
detect stress-conditions both in the soil and in 
the tree.  Based on this knowledge, irrigation 
strategies have been developed, for example to 
allow limited stresses in certain parts of the 
season (the RDI approach) and to ensure their 
avoidance during other phenological stages. 
Surprisingly, to date no one has been using the 
fruit as a more direct indicator that irrigation is 
properly applied. This is a shift of paradygm 
that will be made in the near future.  
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Climate change and fruit growing  
Under changing climates, several phenomena 
are expected to occur, at global and regional 
scales, which have the potential to impact fruit 
production, including increased heat- water-
stress conditions [12], changes in crop 
phenology, but also geographical shifts of the 
growing areas of several fruit species.  Long 
term comparisons of meteorological data 
indicate earlier occurrence of blooming, harvest 
and leaf drop in apple of up to 10 days for 
central Europe [14]. Further, the expansion of 
grapevine and olive cultivation towards 
Northern and Eastern parts of Europe has been 
reported over the last 20 years [30]. It is 
expected that higher ambient temperature will 
lead to increased plant organ respiration and 
reduced plant water use efficiency, with 
detrimental consequences on biomass 
production (yield) and product quality [30]. 
Higher evapotranspiration and reduced 
precipitation will result in a strongly negative 
climatic water balance [35] which has to be 
compensated through irrigation systems to 
ensure sustainable production. These changes 
are expected to impact more the European 
Mediterranean countries which are the most 
exposed to temperature rises and water scarcity 
while irrigation needs in this area are expected 
to increase up to 20-30% by 2020 [9]. 
Horticulture and fruit growing in particular 
risks much by climate change, but has also 
much to offer. Recent ecophysiological studies 
on improvement of orchard sustainability via 
innovative management of light and water 
relations are showing the possibility to maintain 
(and even increase) current quality and 
production levels with much decreased use of 
these renewable resources. On the other hand, 
fruit growing can also act as climate change 
mitigator since orchards are capable of storing 
up to almost 3 tons of carbon per hectare per 
year, according to the most accurate and recent 
estimates for apple (Tagliavini et al., personal 
communication). 
From Ecophysiology to Innovation 
In a world scenario increasingly demanding 
improved sustainability of fruit growing, 
ecophysiology has much to offer. In fact, 
knowledge generated in basic studies is 
becoming more and more available that can 

influence the way the growers of tomorrow will 
manage their orchards. A very brief survey of 
some of the more promising examples might 
include the following. 
 
Maximising light interception is not always the 
best choice 
Solar radiation and dry matter production are 
bound by a curvilinear relation. At single leaf 
and sometimes at whole canopy level [18], net 
photosynthetic rates increase linearly with 
irradiance until a saturating point is reached. As 
light limitation has a negative effect on carbon 
assimilation, excessive light levels can also be 
negative and, rather than improving it, they can 
increase the photo-oxidation phenomena which 
result in reduced carbon assimilation [4]. Both 
the photosynthetic apparatus and chloroplast 
structures are the targets of oxidative 
molecules, which can cause photodamage. The 
direct consequence is the reduction of leaf 
photosynthetic performance. As the 
consequences of photodamage can be 
dangerous for them, plants have developed an 
effective and efficient recovery system, and 
several reactive/adaptive answers are activated 
to sequester/inactivate the reactive oxygen 
species (ROS) produced, or to limit their 
oxidative power. The recovery process, 
necessary for plant survival, requires the 
consumption of resources (water/assimilates) 
[4], derived from the plant dry matter pool and 
thus potentially subtracted from the main sinks: 
fruit. From early studies it has been estimated 
that during a summer day about 7-8% of total 
carbon assimilated is needed to repair the 
damaged photosystems. Current technologies 
already allow recovery of this loss, as hail net 
trellising could also be used to support light 
shading materials to reduce the amount of 
excessive energy reaching the canopy. An 
added benefit would be the drastic reductions in 
water consumption. Recent studies have shown 
how the use of 40% neutral shading nets may 
reduce the water use of a peach orchard as 
much as 30% without any loss in dry matter 
accumulation [19] (Photo 1).  
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Photo 1. Peach orchards subjected to different light and 
micro-environmental conditioning: reflective mulching, 

control and shading 
 
Heavy neutral shading in the early stages of 
fruit growth causes fruit abscission to an extent 
comparable to chemical- or hand-thinning [2, 
42]. Hail net trellising could also be used to 
support these shade nets, thus making the trellis  
more cost-efficient. Studies carried out in 
Switzerland have demonstrated that this 
approach is already economic viable in organic 
apple production where inexpensive chemical 
thinning is not allowed (Bravin et al., personal 
communication). This is but one of the 
potential advantages that the exploitation of the 
light environment in the orchard could permit. 
Commercially available coloured hail nets may 
in fact allow to control tree morphogenesis. The 
effects include bud breaking, shoot elongation, 
leaf photosynthesis, water use efficiency and 
also fruit growth. The challenge is to optimize 
the light transmission spectra (via adoption of 
novel high-tech materials) so that as many of 
these responses as possible can be obtained. 
Fruit growth however is more complex than it 
appears and needs to be evaluated primarily 
under a source-sink relationships point of view. 
 
Moving from seasonal to daily fruit growth 
scale 
The availability of accurate and precise devices 
to monitor fruit growth [26] has allowed to 
move from a seasonal to a daily scale in the 
study of fruit growth (Photo 2). Indeed, recent 
studies in several fruit species, including peach 
[27], kiwifruit [24] and apple [17] have shown 
how fruit diameter alternates periods of 
swelling and shrinkage during the 24 hours. 

 
Photo 2. Custom-built fruit gauge developed at the 

University of Bologna, used for the accurate monitoring 
of fruit diameter variations 

 
The precise monitoring of fruit diameter 
variations during the day has also allowed to 
determine the daily patterns in the phloem, 
xylem and transpiration flows to/from the fruit 
[17] (Fig. 4). These studies provide information 
on the amounts of water and carbohydrates 
flowing to the fruit at different times during the 
day and how they respond to changes in the 
fruit environmental conditions [27]. Anatomical 
and biochemical differences led fruit belonging 
to different species to adopt different growing 
strategies in terms of diurnal vascular flows and 
phloem unloading.  Undergoing research in this 
field is showing that transport of carbohydrates 
from the phloem to the fruit tissue (phloem 
unloading) occurs through passive (via 
biophysical gradients) or active (via specific 
sugar transporters) mechanisms [16, 31].  
 

 
Fig. 4. Diurnal courses of fruit relative growth rate, 

specific phloem, xylem, transpiration flow rates (mg g-1 
min-1) and VPD (kPa) for ‘Red Gold’ peach fruit during 
the cell expansion stage. Data were recorded at 6 minute 

intervals and each line is the mean of 5 fruit 
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These strategies may also change during the 
season, as fruit anatomy can undergo 
modifications with fruit development. For 
example, during the season, peaches exchange 
increasing amounts of water from the fruit to 
the atmosphere. The growth of this fruit is 
based on high water imports via xylem flows, 
while carbohydrate transport is facilitated by 
water losses via epidermal transpiration, which 
decreases the fruit pressure potential and 
increases the hydrostatic pressure gradient 
necessary for passive phloem unloading to 
occur [25]. On the other hand, the apple fruit 
transpires decreasing amounts of water during 
the season due to the decreasing permeability of 
its cuticle. In these conditions, the hydrostatic 
pressure gradients between phloem and fruit 
tissue, that are necessary for passive 
carbohydrate transport to occur, cannot be 
maintained. For these reasons, in apple, specific 
carbohydrate transporters are present in the 
fruit apoplast to actively unload the sugars from 
the phloem to the fruit cells [41]. This 
information will lead growers to modify their 
cultural practices for different species, in 
recognition of the marked differences in their 
growth physiology. In peach, for example, the 
high fruit transpiration rates play a pivotal role 
in water and dry matter import into the fruit 
[25], and enhancing  VPD (i.e. via reflecting 
mulches) (Photo 2) may positively affect fruit 
growth and quality.  
 
New irrigation strategies for sustainable fruit 
growing 
As societal pressure is on agriculture to reduce 
and streamline its use of the water resource, 
ecophysiological studies are elucidating the 
mechanisms underpinning the interplay 
between leaf, fruit and stem water relations, and 
how these affect photosynthesis and fruit 
growth. Daily variations in water potentials of 
these organs are involved (in different manners 
for different species) in the process of fruit 
growth but, more interestingly, the possibility 
arises of manipulating the gradients between 
these potentials that occur during the day. This 
would enhance the fruit capacity to attract dry 
matter and water, which are needed to grow, 
while saving water. Also, current 
ecophysiological studies are showing that 

reductions of up to 50% of irrigation volumes 
(as determined by FAO coefficient-based 
scheduling models) can be tolerated without 
changes in yield and fruit quality of pear 
(Corelli Grappadelli et al, unpublished). The 
limit to which these reductions may be taken 
can be determined by a complex analysis 
bringing together leaf fluorescence, 
photosynthesis, leaf, fruit and tree water 
relations data. Learning to integrate these 
parameters into ready-to-use knowledge is a 
challenge for future research. Likewise, 
information on the daily dynamic of tree 
vascular flows will pave the way to a novel 
concept of Regulated Deficit Irrigation, whose 
time scale will no longer be a seasonal one, but 
which will be applied daily.  
 
Precision fruit growing 
As increasingly sensor development and 
ecophysiological knowledge allow to devise 
novel technologies that can help the grower 
improve the efficiency of his operation and the 
quality of the production, integration of the 
flow of data available into tools that maximize 
the precision of orchard management is a must. 
Precision fruit growing is already happening, 
and it will become the basis for exploitation of 
the natural resources that are available to the 
grower and will help reduce the carbon and 
water footprint of orchards. The physiology of 
fruit growth has led to the development of 
predictory models that are already employed 
commercially by apple and pear growers in 
Italy [41]. It is easy to see that the future will 
bring a host of improvements in all stages of 
orchard management and product handling: 
from site-specific fertilizer and pesticide 
application,  water management, differential 
harvests and post-harvest handling.  
 
CONCLUSIONS 
 
Ecophysiology has been coming a long way, 
and ecophysiology of fruit trees has claimed a 
stake within horticultural disciplines for more 
than the last fifty years, gaining a reputation as 
a Science that lends itself naturally to produce 
knowledge amenable to transfer and innovation 
uptake by growers. It has accompanied the 
evolution of orchard and tree management over 
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the years, and will in the future provide new 
tools that will continue to enhance the capacity 
of the growers to improve the sustainability of 
their operations, while also improving their 
production of high quality fruit. 
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Abstract 
 
The concept of encapsulation was firstly announced in 1978 by Murashige who assumed the use of this technology to 
protect “vitro-derived” somatic embryos during transport and manipulation in nurseries and farms, limiting the 
synthetic seed manufacture to the exclusive use of somatic embryos. At this moment, after more than 30 years of 
intensive research, the concept of encapsulation permits to consider that any meristematic plant tissue (obtained in vivo 
or in vitro) can be enclosed in a protective and nutritive matrix as long as it maintains the ability to convert into a 
plantlet under in vitro or in vivo environmental conditions (synthetic seed) or to evolve in shoots in a laboratory of 
micropropagation (capsula), also after transport and/or storage. Usually, the encapsulation procedure adopted to 
obtain synthetic seed or capsula includes three steps: coating, complexation and rinsing. After these steps, plant tissue 
portions of 3-4 mm result, enclosed in a gelling matrix which assures protection from dehydration and mechanical 
damages. When unipolar plant explants, as buds or microcuttings, were employed to produce synthetic seed, inductive 
treatment has to be applied in order to induce root emission after sowing, especially when in the encapsulation plant 
tissues of species with low rooting potential were involved. These treatments increase the steps to produce synthetic 
seed, making a large scale diffusion of the technology economically difficult for some agricultural crops. From this 
point of view, intense research is in progress in some laboratories, in order to look for mechanical and/or automation 
application, especially in the steps that require intensive manual labor. Although the encapsulation technology at the 
moment presents some open questions that have to be solved, interesting perspectives for its future commercial use are 
open because the two products of this innovative technology (capsula and synthetic seed) are useful for: the effective 
channel for diffusion of new plant genotypes; direct sowing of synthetic in field, greenhouse or growth chamber; plant 
material storage; biodiversity conservation; exchange of in vitro plant material between laboratories and nurseries in 
different countries.   
  
Key words: Alginate bead, capsula, plant tissue culture, synthetic seed 
 
INTRODUCTION 
 
Procedures of encapsulation were firstly 
hypothesized in 1978 by Murashige who 
assumed their possible use to protect somatic 
embryos regenerated by in vitro culture during 
manipulation in laboratories and transport in 
nurseries and farms [1]. In fact, he provided the 
first definition of synthetic seed (or artificial 
seed or synseed) as “an encapsulated single 
somatic embryo”. This definition limited the 
synthetic seed manufacture to the exclusive use 
of somatic embryos vitro-derived and enclosed 
into a matrix which would allow their 
manipulation, transport and sowing. 
Afterwards, some research groups proposed the 
production of synthetic seeds also through the 
encapsulation of in vitro-derived propagules 

different from somatic embryos [2, 3, 4]. The 
increasing number of studies focused on the use 
of non-embryogenic propagules for the 
manufacture of synthetic seeds allowed to 
extend their definition as “artificially 
encapsulated somatic embryos, shoot buds or 
any other meristematic tissues used as 
functionally mimic seeds for sowing and 
possessing the ability to evolve into plantlets 
(conversion) under in vitro or ex vitro 
conditions, which can be retained even also 
after storage” [5, 6, 7]. So, after more than 
thirty years of research, the significance and the 
definition of the synthetic seed has clearly 
evolved whereas the encapsulation maintains its 
original and irreplaceable role for the protection 
of plant material, especially when vitro-
cultured.   
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At this moment, this technology represents a 
valuable support of micropropagation (in vitro 
cloning) which has demonstrated efficiency in 
production of plants characterized by high 
genetic and sanitary qualities. For these 
reasons, for some decades, micropropagation 
has been employed in many national and 
international programs related to plant genetic 
improvement, for genotype rescue, for 
conservation and for exchange between 
laboratories and countries. Nevertheless, some 
problems have to be considered in relation to 
the commercial employment of the 
micropropagated plants because, after 
acclimatization, plantlets are cultivated in the 
field and face pests, pathogens, environmental 
and agronomic stresses, which are similarly 
faced by the plants produced with traditional 
propagation methods. In addition, the use of the 
micropropagated plants which are not easy to 
manage, store, or transport and are exposed to 
the deterioration and damage risks, seems to 
have some commercial limits in comparison 
with the zygotic or gamic seeds, which includes 
the advantages of reduced size, handling, 
storability and transportability, although they 
cannot be used for propagation of clones, 
especially if obtained by open pollination. In 
other words, micropropagated plants can lose 
some major advantages before 
commercialization, precisely when sanitary 
requirements have to be followed, especially 
when they have to overcome the problems 
related to the difficulties to introduce plant 
material in those countries which apply 
intransigent regulations to import plant 
materials [8].  
Consequently, the nursery operators are looking 
for innovative technology able to join the 
advantages of micropropagation (high 
productive efficiency, perfect sanitary plant 
conditions, reduced space requirements) whit 
those that characterize the zygotic seed 
(reduced size, easier management, handling, 
storability and transportability). It seems that 
the encapsulation technology may satisfy these 
requirements by showing efficiency for plant 
material storage, conservation and facilitation 
in marketing and transportability.  
 

PROCEDURE OF ENCAPSULATION  
 
The encapsulating procedure includes three 
fundamental steps which are: 
1. Coating: three–four millimeters-long 
explants, excised from in vitro or in vivo plant 
material are singly dipped into a gelling or 
encapsulating solution for a few seconds. For 
this purpose, sodium alginate is the most 
frequently used due to its moderate viscosity, 
low spin ability of solution, no toxicity to the 
explants, low cost and biocompatibility. 
Moreover, sodium alginate is employed 
because it provides better protection to the 
encapsulated explants against mechanical 
damages, depending on its concentration 
(usually ranging from 2 to 5% w/v), level of 
viscosity or commercial type, and from the 
complexation conditions. Many other 
substances were essayed as coating agents, in 
substitution to sodium alginate, like sodium 
alginate with gelatin, potassium alginate, 
polyco 2133, carboxymethyl cellulose, 
carrageenan, gelrite, guargum, sodium pectate, 
tragacanth gum [8, 9, 10].  
2. Complexation: in order to give hardness to 
involucres, the alginate-coated explants are 
dropped into a calcium chloride solution (1.0-
1.5% w/v) for 20–40 min. Ion-exchange takes 
place during this time, obtaining the 
replacement of Na+ by Ca++ forming calcium 
alginate [11]. When the monovalent ion of 
sodium is replaced by divalent ions of calcium, 
ionic crosslinking among the carboxylic acid 
groups occurs, and the polysaccharide 
molecules form a polymeric structure called 
“egg-box” [12]. Thus, the coating acquires the 
necessary consistence to assure protection 
against mechanical damages and dehydration 
risks. Hardening of calcium alginate bead is 
affected by the concentration of sodium 
alginate and calcium chloride and it may vary 
also in relation to the complexation time. 
Usually, higher texture corresponds to good 
protection during transport and manipulation, 
but higher difficulty to break the coating by the 
explant, after sowing.  
3. Rinsing: washing the hardened involucres of 
explants in distilled water is required several 
times in order to remove the toxic residual ions 
of chloride and sodium. After washing, 
encapsulated explants can be stored before 
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transferring on sowing substrate to induce 
vegetative activity in the enclosed plant 
material.  
The encapsulated procedure shows efficiency 
when the enclosed explants maintain viability  
(i.e., green colour, with no necrosis or 
yellowing appearance along the period between 
encapsulation and use), regrowth ability (i.e., 
growth of explants with consequent breakage of 
the involucre and extrusion of at least one small 
shoot or root after sowing). Usually, to achieve 
these conditions, nutrients and/or growth 
regulators were added besides the rinsing water 
in the solutions employed for coating and 
complexation. The composition of the nutritive 
solution is similar to that employed for the in 
vitro shoot proliferation of the 
micropropagation, but usually with all 
components at half concentration. This solution 
is currently called artificial endosperm and 
mimics the role of the seed endosperm because 
it provides nutritive support to the encapsulated 
explant, especially during its storage and 
regrowth, following the sowing [13-14]. 
 
PRODUCTS OF THE ENCAPSULATION   
 
Other steps may be involved in the procedure 
of encapsulation described above, depending on 
the type of the explant employed and the uses 
of the plant material after encapsulation. In fact, 
by the encapsulation of plant tissue, two types 
of product are obtained:  
a) synthetic seed when a whole plantlet is 
obtained after sowing the encapsulated explant 
under in vitro or in vivo conditions,  
b) capsula which is defined as an encapsulated 
portion of vitro-derived plant tissue possessing 
the ability to evolve (regrowth) in shoot (not 
into a whole plantlet), and reused only inside a 
laboratory for micropropagation after storage 
and/or transport.  
Redembaugh et al. [15] define the term 
conversion as the contemporary growth of 
epigeous and hypogeous organs, with a 
vascular connection between shoots and roots; 
this term corresponds to germination, which is 
used, as well known, for the gamic or zygotic 
seeds. Again, Redenbaugh [5] and Gray et al. 
[16] described the conversion “as the 
production of a green plantlet from a synthetic 
seed” or, in other words, the development of a 

whole plantlet from encapsulated somatic 
embryos. Subsequently, it was demonstrated 
that plantlets may also be obtained from 
unipolar encapsulated explants and, at the 
moment, the term conversion can be applied for 
all the encapsulated plant tissues able to evolve 
into plantlets.  
 
ENCAPSULATION FOR CAPSULE  
 
As reported, the capsule is one of the products 
of the encapsulation technology and it 
represents an effective tool for exchanging 
germplasm between the laboratories of different 
countries because they are small and relatively 
easy to handle [5, 17, 28, 29, 35, 36]. In fact, it 
is important to remember that the exchange of 
germplasm by the traditional methods poses 
severe quarantine problems because of their 
association with the transmission of pests and 
diseases. Therefore, an alternative tool for 
national and international plant germplasm 
exchange could be done by the capsula with an 
assurance of regrowth and proliferation abilities 
when subcultured again in aseptic conditions 
inside a laboratory of micropropagation [28, 36, 
37]. The effects of the encapsulation of vitro-
derived microcuttings or uninodal explants and 
the artificial endosperm composition on in vitro 
regrowth and proliferation have been examined 
in several plant species with good results [14, 
38, 39]. The maintenance of capsules in sterile 
conditions and the avoidance of environmental 
stress (temperature and RH) during the 
transport are essential to maintain the viability 
and the regrowth abilities at high levels. 
Specific experiments show that transferring the 
capsules in small cuvettes made of semi 
transparent plastic material is an adequate 
procedure. Each locked cuvette contains 15-20 
capsule and 1 mL of artificial endosperm 
solution is added to maintain the aseptic 
conditions and to avoid dehydration [40]. The 
capsule could also represent a supporting tool 
for plant material conservation, which can be 
carried out to allow two main goals: to lengthen 
the commercialization period for short- or 
medium-term by low temperature storage (2-
8°C) and to maintain valuable genotypes for 
long-term by cryopreservation. As for that, Rai 
et al. [8] reported that the conservation of 
encapsulated plant explants could be achieved 
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through ultra-low temperature using liquid 
nitrogen [41, 42].   
 
ENCAPSULATION FOR SYNTHETIC 
SEEDS 
    
From nurserymen, the main expectation of the 
encapsulation technology is the production of 
synthetic seed because, as already reported, it 
includes the advantages of the in vitro 
propagation in terms of efficiency and quality 
of the propagated plants and those of the 
zygotic seed in term of handling, storability and 
transportability.  
 
a.  Synthetic seeds from somatic embryos 
Structurally, somatic embryos are similar to 
gamic or zygotic ones and possess many useful 
characteristics, including the presence of both 
poles, epigeous and ipogeous, which assure 
their ability to convert into plantlets easily. 
Moreover, somatic embryos develop from 
somatic cells and this morphogenetic pathway 
allows clonal propagation.  In any case,  
somatic embryos lack nutritive (endosperm) 
and protective (teguments or involucre) 
structures, which limits their  application 
because of difficulties in handling, transport, 
maintenance of viability during long-term 
storage, and low vigor during conversion. Since 
by encapsulation somatic embryos are enclosed 
in a nutritive and protective alginate covering, 
this technology represents an efficient solution 
to overcome these problems. 
In many laboratories, research groups have 
worked on somatic embryo encapsulation with 
different species including cereals, fruits, 
vegetables, ornamentals, medicinal plants, and 
forest trees; currently, efficient protocols to 
produce and encapsulate somatic embryos are 
available for some species supporting the 
commercial application in the nursery, 
especially when applied to new or valuable 
genotypes [8, 18]. The use of somatic embryos 
as encapsulating explants for synthetic seed 
production is limited because of the involved 
risks, such as: somaclonal variation, 
asynchronism during the somatic embryos 
formation and maturation, and recurrent 
embryogenesis [19]. However, somatic 

embryos are able to be produced in bioreactors 
by reducing their costs, making their practical 
use economically promising for the 
encapsulation technology [16]. While research 
is in progress in some laboratories in order to 
find effective solution of these problems, an 
interesting perspective has opened with the use 
of nonembryogenic (unipolar) explants 
obtained by in vitro direct organogenesis or 
through axillary bud proliferation. In fact, 
reports on encapsulated microbulbs (Lolium 
longiflorum), epiphyllous buds (Kalanchoe 
tubiflora), protocorms (Spathoglottis plicata, 
Vanilla planifolia, Cymbidium giganteum  and 
Dendrobium Wardianum), rhizomes 
(Nephrolepis sp.), and hairy root fragments 
(Armoracia rusticana) have been described and 
their conversion into plantlet has been obtained 
without any particular inductive treatments [20, 
21, 22]. These organs are generally easy-to 
obtain through direct organogenesis and risks 
of genetic variation are considerably reduced or 
absent [23, 24]. However, it is important to 
consider that these promising propagules can be 
employed for the encapsulation technology in 
few species, whereas currently for the synthetic 
seed production unipolar in vitro proliferated 
explants are largely available for many species.   
 
b.  Synthetic seeds from unipolar explants  
Usually, unipolar explants used for 
encapsulation are nodal portions of shoots 3-4 
mm-long, with apical or axillary buds, excised 
during or at the end of a proliferation 
subculture; these explants are called 
microcuttigs, lacking of root primordia and  
unable to form adventitious roots 
spontaneously, especially in many woody 
species. These characteristics represent the 
major problem in obtaining synthetic seed from 
microcuttings whereas they are suitable to 
obtain capsules. Instead, in some species, [14, 
26], encapsulated microcuttings have 
demonstrated a high rooting ability after 
sowing, while numerous others have not 
performed well [8, 14, 30]. Studies conducted 
on plant species difficult to rooting, as apple 
cultivars and rootstocks, olive, kiwifruit and 
peach, have allowed the development of a 
procedure to induce rooting, in order to make 
the encapsulated microcuttings able to convert 
[7, 27, 31, 32]. This protocol, developed in the 
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Laboratory of in vitro cultures of the 
Department of Agricultural and Environmental 
Sciences (University of Perugia), considers the 
following six steps: 
1. Microcutting excision: proliferated shoots are 
separated from proliferated clumps at the end of 
the subculture and the apical or axillary 
portions, provided with one or two buds 
(according to species), are used to obtain the 
microcuttings.  
2. Root induction: groups of 10 microcuttings 
are transferred into 50-cc closed glass vessels 
containing 15 ml of an inductive solution made 
of sucrose (15 g/l) and 1-5 mg/l indole butyric 
acid (IBA). The cultures are kept in darkness 
inside the growth chamber on a 100 rpm rotary 
shaker for 24-72 h, according to genotype. 
3. Root primordia initiation: after root 
induction, groups of five–ten microcuttings are 
placed in a Magenta® vessel containing semi-
solid proliferation medium, half strength, 
without growth regulators. The vessels are kept 
in the darkness, inside the growth chamber at 
21 ± 2°C for 6 days. 
4. Encapsulation: the induced microcuttings are 
individually used for encapsulation procedure 
in calcium-sodium alginate beads, enriched 
with the artificial endosperm, adopting the steps 
previously described to obtain synthetic seeds. 
5. Sowing: after possible storage, synthetic 
seeds are sown in vitro or in vivo conditions, 
inserting them just for some millimeters into 
the substrate, in order to avoid asphyxia of 
living tissues. Agar medium or other natural 
substrate used for the plant cultivation can be 
employed as sowing supports [8, 25, 33, 34].  
6. Conversion: usually this phase requires 4–6 
weeks during which the cultures are maintained 
under growing conditions similar to 
micropropagation. After sowing of synthetic 
seeds, the developed plantlets are heterotrophic 
requiring low light intensity and trophic 
support; gradually they become autotrophic and 
adequate nutritive and environmental 
conditions (light and temperature) have to be 
assured.  
 
PROBLEMS AND PERSPECTIVES 
 
The research carried out on the encapsulation 
technology during these last three decades has 
permitted to obtain considerable progress. It has 

offered nurseries valuable tools for the 
production, marketing and conservation of 
germplasm. At this moment, large diffusion of 
the encapsulation technology for synthetic seed 
production is limited by some problems which 
demands effective solutions. In detail, research 
has to find a solution concerning:  
(1) the extrusion of the encapsulated explants 

from the alginate coating, lowering the 
alginate dosage, although this implicates 
leaching and dehydration problems, and 
affects gas exchanges of the enclosed 
explants;  

(2) the poor conversion in vitro and ex vitro 
conditions, studying the introduction of 
specific Arbuscular Mycorrhyzal Fungi 
(AMF) inside the synthetic seeds 
(biotization) [48];  

(3) the control of fungal and bacterial 
contamination in non aseptic environment, 
verifying the effect of treatments to the 
sowing substrate or to synthetic seeds with 
specific products (fungicides, bactericides, 
or other antimicrobials) and the validity of 
biotization through AMFs and Plant Growth 
Promoting Bacteria (PGPB) increasing vigor 
and growth rate of plantlets [49, 50];  

(4) the leaching of nutrients and high 
dehydration risks, adopting the re-inclusion 
of the encapsulated explants into a new 
alginate coating procedure (double 
encapsulation) or covering the alginate bead 
with an impermeable pellicle, although the 
last proposal could determine asphyxia to 
encapsulated propagules [51];  

(5) the reduction of manual labor (i.e. cost) 
necessary to prepare the encapsulating 
explants and to carry out the encapsulation, 
studying automatic or semi-automatic tools 
and procedures. Since the mechanical 
excision of microcuttings suitable for 
encapsulation is not possible at the moment, 
automated procedure has been tried for 
synthetic seed production. In this regard, 
previous studies show that encapsulable 
adventitious shoots of M.26 apple rootstock 
are achievable by direct organogenesis of 
leaves fragments cultured in vitro [43] and 
some experiments confirm this pathway in 
different species [21, 44, 45]. Using this 
different approach, a new protocol has been 
proposed to automate at least some steps 
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involved in the production of synthetic seeds 
with unipolar explants. Briefly, at the end of 
a proliferation subculture, the hand 
preparation of microcuttings is substituted 
by the mechanical fragmentation of all 
clumps and the derived explants are induced 
to produce adventitious shoots (by direct 
organogenesis) which are encapsulated as 
microshoots when their size ranges from 3 to 
5 mm [46, 47].  

Finally, the scientific interest about the 
encapsulation technology and the knowledge 
accumulated from the research on this subject 
permit to suppose that, in short time, a new 
instrument will be available to nurseries for 
plant propagation, to commercialize and 
exchange valuable germplasm.       
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Abstract 
 
In the researched area, located on the terrace of southwestern Alexandria, soil fertility (evaluated by such  indicators 
as humus content, biological activity of the soil, ecological index, production level) showed that the amount of carbon 
and nitrogen in the soil decreased by two times in the last 100 years, especially due to a defective management of soil 
tillage and plant nutrition. In order to restore soil balance and to improve the relations between plants and soil, 
between 2004and 2011, intensive and continuous research was carried out on the chernozem of the Burnaz Plain, 
aiming at: the use of a tillage conservation system, crop rotation with ameliorative plants, residual biomass (4-5 
tonnes/ha) and several soil bioactivators in the recovery of the physical, biological and ecological parameters, as well 
as fertility and grain production increase. Thus, flows were recovered on soil profile, the quantity of Humus C in soil 
increased by 1.9 times, the biological activity of soil increased by 2-2.5 times, the ecological index by 1.8 times, the soil 
capacity to retain, preserve and dispose the water to the plants grew three times and also the production level of 
premium high quality grains increased by about 2 times. 
 
Key words: conservative tillage, humus restoration, biological activity, ecological index 
 
INTRODUCTION  

 
Humus formation, both in its active (Humus C) 
and conservation form (Humus HT), was done 
on the soils from southern Romania, 
predominantly under the influence of forest 
areas which occupiedabout 70% of the area 150 
years ago, as well as the steppe grasses, prairie, 
present both in the areas without trees and in 
the empty spaces in the forest. Models of 
humus formation, similar to those existing 150 
years ago, are found in the boreal forests [10] 
or the tropical savannas and surrounding forests 
[7]. The amount of  total humus (HT + C) has 
been formed, up to 7-15% [5], in the Romanian 
Plain and the small hills areas through the 
patterns shown above or other similar patterns. 
The studies performed in Romania after the 
Raggam Model [9] and published by Berca M. 
[5] showed that, in the period 1930-2010, the 
amount of total humus decreased globally by 
about five times. The main cause was found in 
humus mineralization due to some aggressive 

works made on the soil, especially with the 
plow, the drill and others. It was established 
that the soil movement mainly horizontally 
(plowing) or its spraying (work harrowing), 
total humus was submitted to intense oxidation 
with CO2 and water release. According to 
Raggam [9], the carbon dioxide which reached 
into the air contributed to over 30% of the 
accumulations that determined the present 
climatic changes. 
Tilman D. [12] showed that there was a 
parallelism between the content of „C” (humus) 
and the one of nitrogen in the soil;  after 50 
years of research, both decreased by around 
50% and remained constant another 50 years. 
However, the experiments were performed on 
an organic soil in which the C Humus was 
dominant and annually received organic matter 
from the harvest. The soil was worked in the 
conventional system. 50 years later, Tilman 
introduced elements of agricultural system 
amelioration: works, crop rotation and manure. 
The calculations carried out by Berca M. [2, 3] 
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on these data indicated that manure had the 
greatest effect in the recovery of soil fertility 
(over 100%), followed by crop rotation ( 30%) 
and soil tillage (10%). Nevertheless, we noted 
that Tilman, who started the experiments later, 
had no set of machines to work the soil 
„conservatively”, in the sense that is now given 
to that definition. 
The studies performed by Berca M. and 
Robescu V.O. [5] showed the possibility of 
humus and soil physical properties 
reconstruction, as well as nutritional 
improvement, especially with nitrogen, through 
the tillage system modification, the use of 
ameliorative plants and soil biological activity 
stimulation.  
The system of conservative agriculture (CA), in 
the FAO vision and presented by Friedrich T. 
[6], requires an „economic management system 
of agricultural ecosystems for productivity’s 
sustainable growth, high profits and  human 
nutrition safety, in parallel with protecting and 
improving of resources and of environment, in 
its entirety”. CA is characterized by the 
connection of three principles: 

1. soil works as reduced as possible, 
eventually „0” works; 

2. permanent coverage and incorporation of 
organic matter; 

3. species biodiversity. 
 
MATERIAL AND METHOD  
 
Research started in 2001 to the model farm 
Agrovet from the southern plateau of 
Alexandria, belonging to the Burnaz Plain, and 
was part of a private research project 
concerning the improvement of the ecological 
status of soils damaged by intensive works with 
the plow at the same depth (20-30 cm) for more 
than 40 years. The algorithm of studies was as 
follows: the research period 2001-2004 was a 
transition one, while the interval 2004-2011 
was one of intensive application for the decided 
measures: 

1. Composition of a database regarding the 
current state of soil, humus and nutrients 
content, water flows and circuits, and soil 
biodiversity, together with their influence 
on the crop level and quality; 

2. Development of a research plan 
concerning flows recovery on the soil 
profile (water + biodiversity + nutrients); 

3. Composition of several recovery options, 
reconstruction of soil biology, humus, 
physical properties (structure) and 
water/air ratio; 

4. Effects of improved ecological indicators 
on the crop level; 

5. In the initial phase, 2001-2004, soil was 
worked with the plow + the adjacent 
machines; afterwards, until 2011, a set of 
machines was used to work the soil only 
vertically, in a conservative way 
(Subsoiler + Cultivator (Gruber)); 

6. 4-5 tonnes of organic material were 
applied annually as dry biomass (straws, 
corncobs, rapeseed stalks, sunflower 
stalks, peas haulms). Pea plants were used 
as ameliorative plants on a surface of 20% 
of the crop rotation. Crop rotation 
consisted of five plants: peas, corn, 
sunflower, cereals (wheat), rapeseed. 
Since 2004, the plots under reconstruction 
also received bioactivators in the form of 
some vegetal composts (Biovin) and a 
collection of bacteria (Bactofil) every four 
years; 

7. The control version included the model of 
agriculture in the area, such as wheat - 
wheat (barley) - rapeseed - corn 
(sunflower), without biomass 
incorporation and bioactivators. Soil 
tillage was classic, starting with plowing. 

The main determined indicators were the 
following: 

a) The content in humus by two 
methods: 

 the NIRS method (Near Infrared 
Spectoscopy), used only for the 
control (Atanassova and co. [1]); 

 the Schollenberger-Jackson 
method, through organic matter 
oxidation with potassium 
dichromate in a sulfuric acid 
medium and by dosing the oxidant 
excess with Mohr salt (iron 
sulphate and ammonium). 

b) The content of soil biomass,  by the 
method of dried calcination (dry 
combustion), according to the 
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European Standards SR ISO 
10694:1998. Determinations were 
performed on non-aerated medium 
samples at the depth of 0-30 cm. 

c) In particular, the determination of 
biodiversity offered by earthworms 
was performed after the Joschko M. 
and co. method [8]. 

d) In exceptional cases, bacterial 
biomass was determined through the 
respiration induced by the substrate - 
SR ISO 14240-1:2001. 

e) Ecological indexes were performed by 
using the method proposed by Berca 
M. [2, 3, 4]. 

f)    Production determination was carried 
out by using rendomized harvests of 
some areas of  4 x 10 = 40 m2 for 
wheat, using a minicombine for the 
experiments. All determinations were 
made annually in at least four 
repetitions. 

g) The evaluation of historical data on 
humus were made after the models of 
Seely B. and co. [10] and Tilman D. 
[12]. 

h) The calculation of the collected data 
was performed by using consecrated 
statistical methods:  

 dispersion analysis in 
multifactorial systems; 

 calculation of  bifactorial and 
trifactorial correlations;  

 related analysis of tree kind; 
 analysis of determinations. 

The results were mainly synthesized as graphs. 
 
RESULTS AND DISCUSSIONS 
 
Starting from the database, by using modelling 
carried out in the areas of current humus natural 
formation and taking into account the evolution 
of vegetation in time, Fig. 1 presents the 
dynamic reduction of humus content on the 
Burnaz Plateau over the last 100 years (1910-
2010).  

Fig. 1. Humus content reduction  
in Burnaz Plain in the past 100 years 

Historically, the year 1910 marked a period of 
slight economic growth, in which the entire 
plateau was occupied by oak and common oak 
forests in a percentage of nearly 60%. Large 
quantities of humus formed mainly below 
forests, and also under the abundant vegetation 
of the forest steppe which dominates the area. 
According to our estimates, the total amount of 
humus (HT + HC) was over 8%. Through the 
gradual but permanent taken in culture, and 
even the use of some superficial plowing 
works, the humus content started to decrease, 
the decline being 1% in about 50 years.  
With the establishement of collective farms 
(CAP) in the late ’50s and early ’60s, the 
forests were heavily cut, the wood material 
being directly used for agricultural buildings 
constructions (CAP) or combustion in 
particular, even for brick and lime manufacture. 
At the same time, massive export of rough 
wood bega, resulting in massive deforestations. 
The decrease of humus content after 1960 
became accentuated and was correlated not 
only with deforestations but also with the 
introduction of plow mechanization for the 
basic works that led to over ventilation and the 
burning of soil humus. The decrease was and 
remains pronounced even today, 100 years 
from the beginning of this study. The reduction 
of total humus was from 8.2 to 3.7% in the 0-30 
cm layer, that is, a drop of over 2.2 times.  
Today, this decrease is sustained by the large 
quantities of biomass exported from the 
agricultural ecosystem and by the intensive 
plowing works that have not always been 
carried out at appropriate times. Consequently, 
a compact and impermeable layer has been 
formed (the hardpan), which separates the 
surface from the deep horizon. Under these 
circumstances, soil biological activity has been 
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dramatically reduced, the amount of living 
organic matter being limited from about 20 
tonnes to approximately three tonnes (personal 
measurements - see the methodology). It is also 
noteworthy to point out that earthworms, the 
major ecological indicator of the soil, have 
entirely disappeared.  
As a result of the ecological interventions 
announced in the chapter on Methodology, soil 
biological activity was the first that initiated a 
growth, an active growth. This was obvious 
starting with the 4th century, that is, at the same 
time with flux reformation owing to subsoilers 
and bioactivators introduction.  

Growth was intense during the period 2004-
2008 and became slower afterwards. In the 
interval 2001-2011 (Fig. 2), the average 
quantity of active biomass from soil and from 
soil surface increased from slightly over three 
tonnes to more than nine tonnes, i.e. a three 
times growth which is, however, far from the 
initial, historical value. The function is highly 
statistically assured, but the confidence interval 
is lax; the variations around the average are at 
least one tonne, that is,  
                                  . 
 

 
Fig. 2. Dynamics of soil biomass (to/ha) according to  

the ecological interventions of 2001-2011 
 

If we set the battle over the last 10 years (Fig. 
1), in Fig. 3 we can observe the slow but safe 
way in which humus degradation continued in 
the non-greening control version, compared 
with the version in which the soil ecological 
works and the announced technologies were 
initiated and carried out.  
The process of humus (C) reconstruction was a 
real pleasant surprise, its growth being 1.7-1.9 
times in only 10 years, directly correlated with 
the biodiversity and soil biological activity. 
This exceeded humus formation, an aspect that 

created premises for continuing the process of 
humus, especially of humus C, formation and 
recovery.  
 

 
Fig. 3. Humus evolution in Burnaz Plain  

during 2001-2011 
The positive change of soil mass and aspect 
could be seen even with the unaided eye and 
captured by the camera (Fig. 4). 

It started from the compact soil on the left. 
Immediately after the subsoiler works, cracks in 
the hardpan (1) were created, which allowed 
water and microorganisms to fall deeply and 
thus restore the flows. The soil on the profile 
became crowded in 1-2 years, forming structure 
(2); later on, earthworms (3) appeared, 
extremely numerous in 2006 but fewer in 2007 
due to drought, and again numerous until the 
present. 
Moreover, the high capacity of earthworm 
multiplication indicated a high biological and 
ecological activity of the soil.  
In 2008-2011, the quantity of humus, as well as 
the biological activity, increased and diversified 
(Fig. 5). 
 

m  1-1,5 tonnes 

Fig. 4. Ecologization by soil tillage and biomass of 
a hard chernozem soil in Burnaz Plain in the 

period 2001-2007 (original photos) 

(1) 

(2) 

(3) 
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Fig. 5. Evolution of soil condition, resulting from 
ecological processes, captured with the camera (original) 
 
Due to the very pronounced drought, the year 
2007 blocked the positive ecological evolution 
of the soil; however, it recovered spectacularly 
during the favourable years that followed. 
The ecological interventions undertaken 
simultaneously led to the increase of ecological 
index in the agricultural ecosystem (EI) from 
about 2.2 to almost 4.5.  
This was positively correlated with the soil 
biological activity, with the increase of both 
humus content and production (Fig. 6). 
Wheat production slightly increased in the first 
years; related with EI, it decreased in 2007 due 
to the severe drought and increased 
exponentially with EI increasing, especially in 
2010 and 2011. In statistical terms, the year 
2007 brought entropy, chaos in the relation 
indexes * production, graphically captured in 
Fig. 7. 
 

 
Fig. 6. Influence of ecological index (EI) on wheat 

production of Burnaz Plain in 2001-2011  
(confidence interval calculation) 

 

 

 
Fig. 7. Influence of ecological index (EI) on wheat 

production, Burnaz Plain 2001-2011 
 

The exception from the rule created an atypical 
confidence interval which was also hard to 
predict in similar years. It was demonstrated 
that the abiotic stress produced by water could 
disturb the normal evolution of nature’s laws. 
The deviations from the rule of production 
evolution were, however, smaller in the 
ecological versions compared to the non-
ecological ones (Fig. 8). 
Research presented in Fig. 8 also demonstrated 
that the production detachment between 
greening and non-greening took place starting 
with 2004. This meant that the effect of 
ecological interventions did not occur 
immediately. For the ecological measures to be 
included in the harvest, a transit period of at 
least four years is required on these soils. 
However, afterwards, the production growth 
provided full satisfaction, covering all the costs 
incurred with the measures taken. In the end, 
costs recorded 50% of those made in 
conventional system. 
 

Fig. 5.1. Drought soil - less 
organic matter (2007) 

Fig. 5.2. Soil recovers, 
earthworms reappear (2008)

Fig. 5.3. Numerous 
earthworms (40/sqm), 

large in size (2009)  

Fig. 5.4. High quantity of 
Humus C (2010) 

Fig. 5.5. Wheat 
mycorrhiza (2011) 

Fig. 5.6. Mycorrhiza and 
humus in peas 
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Fig. 8. Wheat production in Burnaz Plain 2001-2011 

 

In multiple correlations, EI was correlated with 
the humus content and the biomass from and 
off soil (Fig. 9). At EI = 2.5 and humus % = 
3.5, soil biomass was approximately 3 
tonnes/ha. It increased to more than 9 tonnes/ha 
when EI  4 and humus increased to 7%. 
 

 
Fig. 9. Correlation between EI, % humus and biomass of 

Burnaz Plain soils between 2001-2011 
 

The 3D correlation between EI, humus and 
wheat production is presented in Fig. 10. 
Configuration was the same. Production 
increased exponentially with the increase of EI 
and % Humus. 
These last two graphs also serve as nomograms 
to determine a parameter depending on the 
evolution of the other two. For the researchers 
who undertake such exercises, it is good to 
know that all the indicators are positively 
correlated according the same functional allure. 
For example, the combination of a 3.5 humus 
content with an EI 4 will not be possible as this 
does not happen on these soil types.  
 

 
Fig. 10. ontribution of ecological index (EI) and  humus 

content (%) to wheat production (to/ha) 
 

 

 
Fig. 11. Formation scheme of agricultural production and 

humus starting from photosynthesis 
Successful soil ecology (EI), the increase of soil 
biomass, humus and production are possible if 
the system takeover of all favorable factors and 
the limitation of the disadvantaged ones are 
taken into account (Fig. 11). 
Biomass formation actually begins in leaves as 
soon as they come to light. Photosynthesis 
takes place in conditions of light, carbon 
dioxide and water. If these factors exist, the 
efficiency of photosynthesis (3) is maximum. 
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The decrease or over excess of any of the 
factors 2, 3, 4 leads to the reduction of 
biochemical synthesis in the leaves. In order to 
form the net primary production, 
photosynthesis production is combined with the 
nutrients from soil and air, among which 
nitrogen plays an important role (11). 
Multimolecular elaborates are formed (6), such 
as proteins, polysaccharides, fats which are 
transferred to the growth process of roots, 
offshoots, stems and leaves and, finally, to the 
useful production which is exported from the 
system.  
What remains forms the organic material (8) 
submitted to degradation by microorganisms. In 
order to be quickly transformed into humus, it 
needs as higher quantities of nitrogen as the 
microorganisms population is more abundant. 
Through our research, we intervened at 
precisely this point, providing the soil with the 
greatest possible quantity of energetic material 
and nitrogen obtained both from organic 
synthesis and industrial synthesis (increasingly 
less). Organic activators were also 
administered, in order to speed the process of 
degradation and recombination of balanced 
simple elements in the complex humus 
molecules (huminic and fulvic acids). 
The humus formed (10) has predominantly an 
active component (10a) which is rapidly 
degraded, providing nutrients, CO2 and water. 
This nutritional humus mantains even the soil 
vital functions, as long as it persists in it.  
However, to the increase the sustainability of 
soil fertility, we rely on these soils especially 
on the conservation humus or the butter type 
humus (Butter Humus), composed of long 
chains, heteropolycondensates by calcium 
saturated humic acids. The fraction of the 
product that is now formed reduces total humus 
(5-10%), but its preservation is crucial for soil 
reconstruction. The absence of active humus 
(C) can lead to the degradation of HT humus, 
mainly on lighter soils that are less supplied 
with nutrients, with very unfavorable 
consequences to the sustainable fertility of the 
soil.   
 
 
 
 

CONCLUSIONS  
 
Research carried out on the terrace of the 
Burbaz Plain, located in southwestern 
Alexandria, showed that: 

1. In the past 100 years, soil fertility, as 
evaluated by indicators, humus content, 
biological activity, ecological index and 
production level, was dramatically 
reduced, as follows: 

 the C and N content in soil 
decreased by over two times; 

 causes: deforestation and 
defective management of tillage, 
crop rotation and plant nutrition. 

2. In order to restore soil balance, to 
improve the plant-soil relations and 
agricultural sustainable development, in 
the years 2004-2011, intensive and 
continuous research was performed on 
the chernozem soils of the Burnaz Plain, 
aiming at: 

 the use of a conservative tillage 
system; 

 the use of some wide crop 
rotations, including ameliorative 
plants; 

 the use of residual biomass 
(straws, corncobs, sunflower and 
rapeseed stalks) in a quantity of 
4-5 to/ha per year; 

 the use of some organic 
activators for soil, in order to 
restore the physical, biological 
and ecological parameters, 
fertility and the pursued cereal 
yields. 

3. Flows were restored on the soil profile 
from top to bottom and from bottom-up, 
optimizing the water/air rapport in the 
soil, increasing the capacity of soil to 
retain, preserve and give water to plants 
about three times. 

4. The quantity of humus C in the soil 
increased by 1.9 times within only 7 
years. 

5. Biological activity of soil increased by 
2-2.5 times and the ecological index by 
1.8 times.  

6. The average production level of 
premium grains and their quality 
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increased about 2 times (15-17% 
proteins). 

7. The preserving agricultural works, as 
well as the restoration of ecological 
parameters, represent a safe measure of 
productivity increase in agriculture, 
long-term sustainability and food safety 
assurance. 

 
REFERENCES 
 
[1] Atanassova, S., Pavlov, D., Eneva, S., Todorova, M., 
2004. Nondestructive determination of chemical 
composition and classification of soils by near infrared 
spectroscopy, pages 829-834, Proceedings of the 11th 
International Conference. NIR Publications, Chichester, 
West Sussex, UK. 
[2] Berca, M., 2008. Probleme de ecologia solului, Ed. 
CERES, Bucure ti. 
[3] Berca, M., 2011. Agrotehnica, transformarea 
modern  a agriculturii, Ed. CERES, Bucure ti. 
[4] Berca, M., Robescu, O.V., 2010. Contribution of the 
Romanian soils to the pollution of atmosphere with CO2, 
the dangers of climate changes and measures to attenuate 
or eliminate them, Annals Food Science and Technology, 
vol. 11, Issue 1, pages 89-93, http://afst.valahia.ro 
[5] Berca, M., Robescu, V.O., 2011. Modele de 
reconstruc ie a humusului în sol i de economisire a 
resursei de azot în asolamentele cu plante amelioratoare, 
specifice noii agriculturi. Rolul fix rii biologice a 
azotului, Agricultorul Român, nr. 1/2011. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[6] Friedrich, T., 2012. Ressourcen schonende 
Landwirtschaft, Erfahrungen aus 5 Kontinenten, 
Internationale Grüne Woche 2012, Berlin. 
[7] Gottschalk, P., Bellarby, J., Chenu, C., Foereid, B., 
Smitr, P., Wattenbach, M., Zingore, S., Smith, J., 2010. - 
Simulation of soil organic carbon response at forest 
cultivation sequence using 13C measurement, Organic 
Geochemestry, vol. 41, Issue 1, p. 41-54. 
[8] Joschko, M., Fox, C.A., Lentzsch, P., Kiesel, J., 
Hierold, W., Krück, S., Timmer, J.,2006. Spatial analysis 
of earthworms biodiversity at the regional scale, 
Agriculture, Ecosystems & Environment, vol. 112, Issue 
4, p. 367-380, http://www.sciencedirect.com. 
[9] Raggam A., 2009. Klimaveränderung 
durch Humusabbau, www.bio-austria.at 
[10] Seely, B., Welham, C., Kimmins, H., 2002. Carbon 
sequestration in a boreal forest ecosystem: results from 
the ecosystem simulation model, FORECAST, Forest 
Ecology and Management, vol. 169, Issues 1-2, p. 123-
135. 
[11] Standardizare European  Marie-Claire Barthet, 
2007. Standarde elaborate de Asocia ia de Standardizare 
din România în domeniul calit ii solurilor, SR ISO 
10694:1998, www.standardizarea.ro 
[12] Tilman, D.,1998. The greening of the green 
revolution, Figure 1 - Typical effects of different 
agricultural practices on the  total organic carbon or 
nitrogen content of soil, Nature 396, p 211-212. 

 
 
 
 
 
 

62



DISTRIBUTION OF NITROGEN FROM SOIL AND FROM FERTILIZER 
INTO THE WINTER WHEAT (Triticum aestivum L.) PLANT AT GRAIN 
MATURITY 
 
Nadia BOULELOUAH1, Jean Pierre DESTAIN2, Bernard BODSON3, André FALISSE3 

1Département des Sciences Agronomiques, Université Hadj Lakhdar, Batna (UHLBatna), 
nadiaboulelouah@yahoo.fr   
2Centre Wallon de Recherches Agronomiques (C.R.A.W), rue du Bordia n°4, 5030 Gembloux, 
Belgique, destain@cra.wallonie.be   
3Université de Liège, Gembloux Agro Biotech, Unité de Phytotechnie des Régions Tempérées, 
5030 Gembloux, Belgique, b.bodson@ulg.ac.be, falisse_a@hotmail.com   
 
Corresponding author e-mail: falisse_a@hotmail.com 
 
Abstract 
 
In this experiment, the distribution within the plant of nitrogen originating from fertilizer and from soil was followed at 
six periods between anthesis and grain maturity. Fertilizer rate of 180 kg N.ha-1 was applied following two splitting 
schedules T2 (1/3-1/3-1/3) and T5 (0-1/3-2/3) at GS25, GS30 and GS37 resp. and compared to unfertilized control T1. 
Aerial parts of the plant were divided into several compartments i.e. S1 (organs under the fore-last node), S2 (fore-last 
node and stem portion), S3 (last node and stem), L2 (fore-last leaf), L3 (flag leaf), EC (ear chaff) and EG (grain). 15N 
labelled NH4N03 was used to determine the recovery of nitrogen applications, and the part of fertilizer and soil nitrogen 
in each plant compartment. At maturity, fertilizer N recovery varied significantly in the whole plant and ranged from 
68.14 to 78.62 % and in grain from 55.91 (  5.28) % to 69.11 (  5.07) % for T2 and T5 respectively. Total amounts of 
N in the whole plant (11.3; 26.4 and 26.4 g N.m-² for T1, T2 and T5 respectively) were distributed in S1 (1.1; 1.9 and 
1.0 g N.m-²), in S2 (0.2; 0.3 and 0.2 g N.m-²), in S3 (0.23; 0.52 and 0.41 g N.m-²), in L2 (0.18; 0.47 and 0.38 g N.m-²), in 
L3 (0.26; 0.67 and 0.61g N.m-²), in EC (0.57; 1.34 and 1.17 g N.m-²), and in EG (8.8; 21.2 and 22.6 g N.m-²). 
Split nitrogen application affected the recovery of fertilizer nitrogen (FNR). By suppressing the first split application 
(GS25) and increasing the latest (GS37), the splitting schedule T5 (0-1/3-2/3) exhibited the highest total and grain 
recoveries of fertilizer nitrogen.  
 
Key words: soil nitrogen, fertilizer nitrogen, nitrogen distribution, nitrogen fertilizer recovery, 15N labelled NH4NO3 
 
INTRODUCTION  
 
Improving grain quality, increasing grain yield 
and minimizing N losses from the crop-soil 
system represent the aims in cereal production. 
These objectives can be reached by a finely 
tuned management of the fertilization 
In Belgium, fertilizer nitrogen applied to winter 
wheat (Triticum aestivum L.) is usually divided 
into three split dressings applied at tillering 
(GS25), stem elongation (GS30) and flag leaf 
(GS37) [4]. Several studies showed that 
recovery of N from the first application at 
tillering was lower than for late application [2] 
and this was explained by leaching and 
immobilisation. Recent results of applied 
research [1] proposed a splitting schedule in 
two fractions, avoiding the application at 
tillering and privileging flag leaf fraction. This 
two split-applications schedule was proven to 

be slightly positive on N recovery and grain 
protein content. 
The aim of this experiment is to determine how 
the splitting schedules of fertilizer nitrogen 
influence the distribution of nitrogen 
originating from fertilizer and from soil within 
the plant in the post-anthesis phase. 
 
MATERIAL AND METHOD  
 
A field trial was conducted at Gembloux 
(50.34N, 04.41E, 161m above sea level, 800 
mm mean annual rainfall; 9°C mean annual 
temperature) in the loamy region (Hapludalfs) 
during the growing season 2005 on winter 
wheat cv ‘Corvus’. 
The experimental design was a randomised 
complete block with four replicates. 15N 
labelled NH4N03 (2.16 At % 15N) was used to 
determine the total and grain recoveries of 

63

AgroLife Scientific Journal - Volume 1, 2012
ISSN 2285-5718; ISSN - L 2285-5718



 

 

fertilizer (FNR) applications and the part of 
fertilizer and soil nitrogen in each plant 
compartment. A 15N fertilizer rate of 180 kg 
15N ha–1 was applied following two splitting 
schedules T2 (1/3-1/3-1/3 or 60-60-60) and T5 
(0-1/3-2/3 or 0-60-120) at growth stages: GS25, 
GS30 and GS37 (Zadoks et al., 1974) 
respectively and compared to the unfertilized 
control T1 (0N). 
15N labelled NH4NO3 was used in stainless-
steel cylinders (length, 30 cm; internal 

diameter, 30 cm) pressed in spring into the soil 
of the young winter wheat crop (microplots). At 
six periods between anthesis and grain 
maturity, every 10 days, all plants of each 
microplot were harvested. Aerial part of the 
plant was divided into several compartments 
i.e. S1 (organs under the fore-last node), S2 
(fore-last node and stem portion), S3 (last node 
and stem), L1 (fore-last leaf), L2 (flag leaf), EC 
(ear chaff) and G (grain) (Fig. 1).  

 
Fig. 1. Phases of dissection and different compartments and layers of plant. As Compartment: S1 (organs under the 

fore-last node), S2 (fore-last node and stem portion), S3 (last node and stem), L1 (fore-last leaf), L2 (flag leaf), EC (ear 
chaff) and G (grain). As Layer:  layer A=S1, layer B=S2+L1, layer C= S3+L2+EC. 

 
The samples were oven-dried at 80°C until 
constant weight, weighed and milled. Plant N 
content and its isotopic composition were 
determined by mass spectrometry (Europa 
scientific) coupled to a Dumas combustion 
apparatus.  
The total recovery of fertilizer N (%, FNR) was 
calculated for the whole plant as the sum of N 
recovered in the different compartments. 
Data were analysed with software SAS, V8 
procedure (SAS Institut, INC, Cary, NC). 

RESULTS AND DISCUSSIONS 
 
1. Recovery of fertilizer nitrogen (FNR) 
In this experiment, nitrogen was efficiently 
absorbed by the plant in the two treatments 
with total recovery higher than 68% (Table 1). 
The total fertilizer nitrogen recovery (FNRT) 
and grain fertilizer nitrogen recovery (FNRG) 
were significantly higher for T5 than for T2 (+ 
13% FNRT and + 10.5%, FNRG). 

 

Table 1. Total and grain recovery of fertilizer nitrogen (FNR,%) 

 Total FNR (%) Grain FNR (%) 
T5 (0-1/3-2/3) 78.62 ( 5.96)a 69.11 ( 5.07)a 

T2(1/3-1/3-1/3) 68.14 ( 5.73)b 55.91 ( 5.28)b 
probability ** *** 

CV (%) 2.01 1.32 
LSD 3.31 1.86 

( , standard deviation). **p<0.01, ***p<0.001. Values with the same letter are not significantly different at 5% 
level (LSD method). 

A

C

B

S1 

S3 

S2 

L2 

EC-G

L1 
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2. Fertilizer and soil-derived nitrogen 
The fertilizer and soil-derived nitrogen amounts 
were determined in each compartment of the 
whole plant (above-ground only) between 
anthesis and grain maturity. Figure 2 illustrates 
the amount of fertilizer nitrogen (15N, kg.ha-1) 
and soil–derived nitrogen (Nsoil, kg.ha-1) 
present at maturity in the whole plant, in the 
grains and in the stem (all compartments minus 
grains) for the three treatments (T1, T2, T5). 
The total amounts of nitrogen at maturity 
increased from 113 14 kgN.ha-1 (T1) to 264 
kgN.ha-1 (T2, T5), no significant differences 

were found between T2 and T5 (T2=264 20, 
T5=264  21 kgN.ha-1).  
At maturity, the amount of 15N was higher in 
grain than in the stem. The average values of 
15N in the grain rose from 100 kgN.ha-1 at T2 to 
125 kgN.ha-1 at T5 (Fig. 2), with no significant 
differences being recorded between the two 
treatments. The amount of 15N in stem T2 and 
stem T5 was around 18% and 13%, 
respectively, of the total 15N in plant.  
For the soil derived-nitrogen, the total amount 
found in treatment T2 was significantly higher 
than those of the treatment T5 and unfertilized 
control T1, indicating that soil N absorption 
was not reduced by mineral fertilization. 
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Fig. 2. Amounts of fertilizer nitrogen (15N, kg.ha-1) and soil nitrogen (Nsoil, kg.ha-1) present at maturity in whole plant 

(stem + grain), in grain and in stem (all compartments excepted grain) for two splitting schedules (T2, T5) and 
unfertilized control T1 (0N). Vertical bars represent S.E. Data in ordinate are in kgN/ha-1 instead of m-2 

 
Fig. 3 presents the evolution of total amounts of 
nitrogen, fertilizer nitrogen and nitrogen 
originated from soil. The two treatments (T2, 
T5) showed similar evolution of total grain N 
all along the anthesis to maturity period. Plants 
of unfertilized control (T1) started flowering 
earlier than the two treatments and differences 
at 250°C days after anthesis (base 9°C) in 
evolution of nitrogen derived from soil was 
detected between fertilized and unfertilized 
treatments. It would be assumed that nitrogen 
translocation had a longer duration in fertilized 
treatments than in unfertilized one. 

At anthesis, nitrogen from the soil in plant layer 
A (lower part of the stem) was significantly 
different between treatment. The process of N 
translocation to the grain – originating as well 
from the soil as from the fertilizer - is similar 
for the three treatments (Fig. 4a and 4b).  
N was translocated from the lower layer (LA) 
to upper layers (LB and LC) and to the grain.  
Positive and significant correlations were 
detected between grain nitrogen at maturity and 
N concentration (data not shown) of different 
layers along grain filling process as supported 
by another study [3]. No difference was 
detected between layers (LA, LB, LC) in 
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amount of 15N translocated to grain between 
anthesis and maturity. The total amounts of 
nitrogen at anthesis and grain nitrogen content 

at maturity were positively correlated (R²=0.92, 
p<0.001). 
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Fig. 3. Evolution of total amount of nitrogen (Ngrain, g.m-²), fertilizer nitrogen (15Ngrain, g.m-²) and soil nitrogen (Nsoil 

grain, g.m-²) in grains for two splitting schedules (T2, T5) and unfertilized control T1 (0N) between anthesis and 
maturity. GDD (growth degree days after anthesis with 9°C as base temperature) 
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Fig. 4(a). Quantities of fertilizer nitrogen (15N, gN.m-²) in different layers of the plant without grains (Layer A= S1, 
Layer B=S2+L1 and Layer C=S3+L2+EC) between anthesis and grain maturity for two splitting schedules (T2, T5). 

Days after anthesis (DAA) 
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Fig. 4(b). Quantities of soil nitrogen (Nsoil, g.m-²) in different layers of the plant without grains (Layer A= S1, Layer 

B=S2+L1 and Layer C=S3+L2+EC) between anthesis and grain maturity for two splitting schedules (T2, T5) and 
unfertilized control T1 (0N). Days after anthesis (DAA) 

 
 
CONCLUSIONS  
 
Split nitrogen application affected the recovery 
of fertilizer nitrogen (FNR). By suppressing the 
first split application (GS25) and increasing the 
latest (GS37), the splitting schedule T5 (0-1/3-
2/3) exhibited the highest total and grain 
recovery of fertilizer nitrogen.  
The evolution of grain nitrogen content was not 
influenced by splitting nitrogen application. 
Grain nitrogen content was positively 
correlated to total nitrogen content within 
whole plant at anthesis.  
The same total amounts of N were absorbed by 
the plants for the two fertilizers splitting 
schedules, but translocation to the grain was 
higher for the schedule T5, indicating a more 
intense activity of the plant in the very late 
period before maturity. 
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Abstract 
 
Research presents the results of the study object Agrotechnics performed between 1996 and 2010 on the reddish 
preluvosoil crop rotation field of Moara Domneasc , the Romanian Plain, belonging to the Faculty of Agriculture, 
USAMV – Bucharest. The experiment was bifactorial, organised according to the split method, in four replications, 
with factor A being the rotation and factor B – fertilization with mineral nitrogen. Factor A – rotation –contained six 
rotations with the following graduations: a1 – wheat monoculture, a2 – maize monoculture, a3 –two-year rotation: 1. 
wheat, 2. maize, a4 –three-year rotation: 1. soybean, 2. wheat, 3. maize, a5 –four-year rotation: 1. peas, 2. wheat, 3. 
sugar beat, 4. maize, a6 – 1. sunflower, 2. wheat, 3. maize, 4. wheat/alfalfa. Factor B – fertilizing with mineral nitrogen, 
had the following graduations: b1 – unfertilised, b2 – N50, b3 - N100, b4 – N150. The following factors influencing the yield 
were discussed: the associated influence of crop rotation and fertilization with mineral nitrogen; the influence of the 
organic material amount in the soil, weed biomass, the content and the quantity of raw protein in wheat and maize. 
Under the influence of crop rotation, weeding reduction was achieved both in wheat and maize. The association of 
rotation with fertilization determined an increase in organic biomass, with an amplified action of the factors in maize. 
In wheat, the highest production was achieved in the three-year and four-year crop rotations, while in maize the 
maximum yield was achieved in the three-year crop rotation, four-year crop rotation and four-year crop rotation with 
jumping plot rotation after wheat. 
 
Key words: crop rotation, nitrogen fertilizer, wheat, maize  
 
INTRODUCTION 
 
After the discovery of pesticides, the role of 
crop rotation in modern agriculture was 
contested by Petersen in the work “Crops 
rotation legend” [1, 4, 6], although it was, 
however, a generally accepted measure in 
organic agriculture [2, 7, 9]. Research on the 
role of crop rotation in the sustainable 
agriculture system without and with fertilizers 
[1, 3, 8], as well as the IOSDV Memorandum 
to the Government of the UE States (1998), 
have shown the need for new data acquisition, 
in parallel with dealing with important aspects 
concerning the production level, the weeding 
degree, the accumulation of organic matter, the 
fertilizer use and the evolution of the soil 
fertility indicators. This paper proposes 
nitrogen use in wheat and maize rotation crops 
grown on reddish preluvosoil, having in view 

in-depth research based on data concerning 
weeding, organic matter accumulation and 
protein level in crops, collected for a time 
period of 15 years (1996-2010). 
 
MATERIAL AND METHOD  
 
Research on crops rotations and nitrogen 
fertilizers in wheat and maize started under 
non-irrigated conditions in 1981. The paper 
presents the average data collected between 
1996 and 2010 from the experimental field at 
Moara Domneasca-Ilfov, located in 
northeastern Bucharest. The experiment was 
bifactorial, organized according to the split 
plots method in four replications with the A 
factor – crops rotation and the B factor – 
nitrogen fertilizers.  
The factor  A – crops rotation had five 
graduations, a1 – wheat monoculture, a2 – 
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maize monoculture, a3 – two-year rotation: 1. 
wheat, 2. maize, a4 – three-year rotation: 1. 
soybean, 2. wheat, 3. maize, a5 – four-year 
rotation: 1. peas, 2. wheat, 3. sugar-bet, 4. 
maize, a6 – four-year rotation with plot 
skipping: 1. sunflower, 2. wheat, 3. maize, 4. 
maize/alfalfa. 
The factor B – mineral nitrogen fertilization 
had the graduation: b1 – non-fertilized, b2 – 
N100. 
All crop rotations were fertilized with P70 under 
ploughing. 
Determinations made on the variants and 
replications were concerned with measuring the 
weeding degree at harvesting through the 
gravimetric method, the quantity of organic 
matter in soil, protein quantity resulted from the 
harvest and wheat and maize production. 
Analyses were calculated and interpreted by the 
method of variance analysis. 
 
RESULTS AND DISCUSSIONS 
 
The influence of crop rotation and the 
quantity of mineral nitrogen upon weed 
biomass. Determinations concerning weed 
biomass for wheat and maize (Table 1) led to 
the following findings: 

a) the highest values of weed biomass 
were recorded at N0 by 303 g/m2 and 
N100 by 199 g/m2, respectively in the 
wheat monoculture, and at N0 by 203 
g/m2 and N100 by 219 g/m2, 
respectively, in maize; 

b) the weeding degree highly diminished at 
the beginning of the wheat/maize 
rotation,  recording differences of less 
than 76.6% in the non-fertilized wheat 
and 82.9% at N100, respectively, in the 
wheat in maize monoculture and 49.3% 
at both N0 and  N100;   

c) the N100 application led to a decrease of 
34.3% in the weeding degree of the 
wheat monoculture and with up to 
55.2% in different rotations. This could 
be explained by the fact that wheat 
developed a higher growing speed and 
choked (controlled) the weeds under the 
influence of fertilizers and forerunner 
plant with good tillage. 

In maize, the application of N100 showed 
a slightly increase, i.e. up to 12.5% in 
the weeding degree in the three-year 
rotation, while at N0 the weed biomass 
decreased to 48.8% in the three-year 
rotation and at N100 to 46.6% in the 
three-year rotation, in comparison with 
the monoculture. 

Correlations with statistical significance were 
computed between the weed biomass and crop 
rotation both in wheat (Fig. 1, Fig. 2) and maize 
(Fig. 3 and Fig. 4) at N0, as well as at N100. 
The result was that crop rotations, both at wheat 
and maize, represent a way to reducing the 
weeding degree. In wheat, the application of 
nitrogen led to the decrease of the weeding 
degree with up to 55.2% in the two-year 
rotation, while in maize the four-year rotation 
with jump plot brought the weeding degree 
down with 49.3%, compared with the 
monoculture. The application of nitrogen in 
maize led to an increase of 12.5% of the 
weeding degree in the same crop rotations.  
 
The influence of crop rotations and nitrogen 
fertilization upon the amount of organic 
matter left in the soil  
Determinations  on the amount of organic 
matter left in the soil were carried out on the 
wheat and maize crops in monoculture, the 
four-year rotation (milk-wax phase) and the 
three-year of alfalfa (last mowing) at a depth of 
0-30 cm  (Table 2). 
Determinations were separately made for roots 
and in combination with stubble or stubble 
maize, and highlighted the variation in the 
quantity of organic matter that remained in the 
soil from one culture to another, depending on 
the rotation type and the fertilization level.  
In the wheat crop (roots and stubble), the 
recorded values varied from 3079.9 kg/ha in the 
non-fertilized monoculture up to 4027.1 kg/ha 
in the four-year rotation with N100, and in the 
maize crop (roots and stubble) between 3424.6 
kg/ha in the non-fertilized monoculture and 
4279.1 kg/ha in the four-year rotation with 
N100.       
In the alfalfa crop grown in the third year, the 
recorded values varied between 6702.3 kg/ha in 
the non-fertilized variant and 9927.6 kg/ha at 
N100. Compared with monoculture, crop 

69



 

 

rotation in the absence of fertilization led to an 
increase in the quantity of organic matter that 
remained in the soil in the four-year rotations, 
i.e. 334.2 kg/ha in wheat and 182.5 kg/ha in 
maize. 
The application of fertilizers at N100 led to the 
increase in the amount of organic matter 
remaining in the soil with 536.8 kg/ha in 
monoculture and 654.3 kg/ha in the four-year 
rotation in wheat, 469.7 kg/ha in monoculture 
and 672.0 kg/ha in the four-year rotation in 
maize, and  

3225.3 kg/ha in the year III of alfalfa. As a 
result, the association of rotation with 
fertilization determined an increase in the 
organic biomass with an amplified action of the 
factors in maize, while the amplification effect 
was not visible in wheat.  
The influence of crop rotation and nitrogen 
fertilization upon wheat and maize 
production  
Following the influence of crop rotation and 
nitrogen fertilization upon wheat production 
(Table 3), we recorded a diversified action of 
the factors. 

 
Table 1.  Influence of crop rotation and nitrogen fertilization upon weed biomass 

 
Rotation 

Nitro-
gen 
dose 

Winter wheat Maize 
g/m2 % Difference (%) g/m2 % Difference (%) 

Monoculture N0 303 100.0 100.0 - 203 100.0 100.0 - 
N100 199 65.7 - 100.0 219 107.8 - 100.0 

Two-year rotation N0 87 100.0 28.7 - 118 100.0 58.1 - 
N100 39 44.8 - 19.6 127 107.6 - 58.0 

Three-year rotation N0 77 100.0 25.4 - 104 100.0 51.2 - 
N100 36 46.8 - 18.1 117 112.5 - 53.4 

Four-year rotation N0 71 100.0 23.4 - 121 100.0 59.6 - 
N100 34 47.9 - 17.1 132 109.1 - 60.3 

Four-year 
rotation 
with 
skipped 
plot 

G (L) 
- Pb 

N0 73 100.0 24.1 - 103 100.0 50.7 - 
N100 35 47.9 - 17.6 111 107.8 - 50.7 

Pb- 
Pb 

N0 - - - - 113 100.0 55.7 - 
N100 - - - - 122 108.0 - 55.7 

                                      Dl5%  = 22.5 g/m2
                                                                Dl5%  = 18.4 g/m2

 
                                      Dl1%   = 34.3 g/m2                                          Dl1%   = 26.2 g/m2

 
                                      Dl0,1% =53.7 g/m2

                                                               Dl0,1% = 34.9 g/m2 
 
 
 

Table 2. Quantity of organic matter (kg/ha) left in soil after wheat, maize and alfalfa 
in crop rotations on the reddish preluvosoil of Moara Domneasc -Ilfov 

Crop Rotation Organic matter N0 N100 
Wheat Monoculture Roots 1798.4 2402.5 

Roots + stubble 3079.9 3616.7 
Four-year rotation  Roots 2077.5 2427.7 

Roots + stubble 3372.8 4027.1 
Maize Monoculture Roots 2386.5 2642.7 

Roots + maize stubble field 3424.6 3894.3 
Four-year rotation  Roots 2490.2 2772.4 

Roots + maize stubble field 3607.1 4279.1 
Alfalfa 
III year 

Four-year rotation 
with plot skipping 

Roots + collets + leaves 6702.3 9927.6 
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In non-fertilized wheat, the two-year rotations 
led to a production increase by 3.7 q/ha, and the 
three- and four-year crop rotations brought the 
highest increases, i.e. 5.8 q/ha and 5.6 q/ha; 
subsequently, the four-year rotation with plot 
skipping allowed for an increase similar to the 
two-year rotation, i.e. 3.8 q/ha. In the wheat 
fertilized with N100, the overall yield was higher 
than in the non-fertilised variant. 

The two-year rotation brought an increase of 
5.3 q/ha, the three-year rotation (with the 
highest) yield) 38.6 q/ha, the highest increase of 
7.8 q/ha; the four-year rotation showed an 
increase close to the three-year rotation, i.e. 7.4 
q/ha and the four-year rotation with plot 
skipping exhibited an increase of 6.2 q/ha.  

 
Table 3. Influence of crop rotation and nitrogen fertilization upon wheat and maize production 

Rotation Crop rotation influence under production at: Nitrogen influence 
upon production in the 
same rotation 

b1 – unfertilized  b2 – N100 

Yield 
(q/ha) 

Difference/ 
Signification 

Yield 
(q/ha) 

Difference/ 
Signification 

Differenc
e 

(q/ha) 

Signi-
fication 

Winter wheat 
Monoculture 19.4 Mt 30.8 Mt 11.4 *** 
Two-year rotation 23.1 3.7 * 36.1 5.3 ** 13.0 *** 
Three-year rotation  25.2 5.8 ** 38.6 7.8 *** 13.1 *** 
Four-year rotation  25.0 5.6 ** 38.2 7.4 *** 13.2 *** 
Four-year rotation with 
plot skipping 

23.2 3.8 * 37.0 6.2 ** 13.8 *** 

                                                 DL5%  = 3.34 q/ha;         DL1%   = 5.01 q/ha;       DL0,1% = 6.83 q/ha.                                           

Maize 
Monoculture 32.2 Mt 47.3 Mt 15.1 *** 
Two-year rotation 39.3 7.1 * 54.1 6.8 * 14.8 *** 
Three-year rotation  43.1 10.9 ** 57.3 10.0 ** 14.2 *** 
Four-year rotation  41.0 8.8 * 56.5 9.2 ** 15.5 *** 
Four-year rotation with 
plot skipping (after 
wheat) 

42.2 10.0 ** 56.9 9.6 ** 14.7 *** 

Four-year rotation with 
plot skipping (after 
maize) 

39.8 7.6 * 54.8 7.5 * 15.0 *** 

                                         DL5%  = 6.54 q/ha;         DL1%   = 9.03 q/ha;       DL0,1% =11.41 q/ha.                                                 
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Following the influence of fertilization over 
production in the same rotation, some yield 
increase could be seen, as increases ranged 
from 11.4 q/ha in monoculture to 13.8 q/ha in 
the four-year rotation with plot skipping. We 
can see that, compared with the increase 
resulting from rotations, the increase obtained 
from fertilization varied between 2.04 and 2.06 
t in the three- and four-year rotations, and 3.04 
in the two- and four-year rotations with plot 
skipping. 
In the non-fertilized maize, the production has 
increased from monoculture up to the 3 year 
rotation, then has slightly fallen at the 4-year 
and 4-year with jumping plot rotations. In 
comparison with the maize monoculture, the 2 
year rotation brought an increase of 7.1 q/ha, 
while the 3 year rotation which has generated 
the maximum yield of 43.1 q/ha, has led to an 
increase of 10.9 q/ha. After that range the 4 
year rotation with jumping plot after wheat with 
10.0 q/ha, the 4 year rotation with 7.8 q/ha and 
the 4 year rotation with jumping plot with 7.6 
q/ha. 
At the maize fertilized with N100 the production 
has also increased from monoculture  up to the 
3 year rotation, where the yield was 57.3 q/ha. 
The yield fell slightly at the 4 year rotation and 
at the 4 years rotation with jumping plot.  
In comparison with the maize monoculture 
fertilized with N100, the 2 year rotation brought 
an increase of 6.8 q/ha, while the 3 year 
rotation generated an increase of 10.0 q/ha. The 
lower increases have been determined at the 4 
year rotation with jumping plot after wheat with 
9.6 q/ha, at the 4 year rotation with 9.2 q/ha and 

respectively at the 4 year rotation with jumping 
plot after maize with 7.5 t q/ha. 
Statistical correlations have been provided 
between the yield and the number of years in 
rotation  (Fig. 1, Fig. 2) both at wheat and at 
maize (Fig. 3, Fig.4) at non-fertilized and at 
fertilized with N100. Through fertilization is 
higher than the increase obtained through crop 
rotation, and varies between 1.3 at the 3 year 
rotation and 2.18 respectively 2.11 in the 4 year 
rotation with jumping plot and respectively at 
the 2 year rotation after wheat. 
Following the influence of the fertilization over 
the yield in the same rotation we can see an 
increase in yield which ranges between 14.2 
q/ha at the 3 year rotation and 15.1 q/ha in 
monoculture. High increases due to fertilizers 
application have been seen at the 4 year 
rotation (15.5 q/ha), the next places being: 15.0 
q/ha at the 4 year rotation with jumping plot 
after maize, 14.8 q/ha at the 2 year rotation and 
respectively at the 4 year rotation with jumping 
plot after wheat.  
Following the quotient of nitrogen 
valorification from the fertilizer, by corn 
production (Table 4), we can see that at wheat 
it varied between 11.4 and 13.8 Kg wheat/1 kg 
a.i. N, the highest values being obtained at the 3 
year rotation and at the four-year rotation with 
jumping plot. At maize the quotient of nitrogen 
valorification from the fertilizer, by corn 
production varied between 14.2 and 15.5 Kg 
maize/1 kg a.i. N, the highest values being 
obtained at monoculture, at the four-year 
rotation and at the 4 years rotation with 
jumping plot. 

 
Table 4. Quotient of nitrogen use from fertilizer 

Rotation Production in non-
fertilized variant 

Production at  
N100

Quotient of nitrogen 
use Kg rise/kg s.a. N 

Winter wheat 
Monoculture 19.4 30.8 11.4 
Two-year rotation 23.1 36.1 13.0 
Three-year rotation  25.2 38.6 13.1 
Four-year rotation  25.0 38.2 13.2 
Four-year rotation with plot skipping 23.2 37.0 13.8 
Maize 
Monoculture 32.2 47.3 15.1 
Two-year rotation 39.3 54.1 14.8 
Three-year rotation  43.1 57.3 14.2 
Four-year rotation  41.0 56.5 15.5 
Four-year rotation with plot skipping (after wheat) 42.2 56.9 14.7 
Four-year rotation with plot  skipping(after maize) 39.8 54.8 15.0 
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The influence of crop rotation and nitrogen 
fertilization upon the protein production in 
wheat and maize  

 
Following the influence of crop rotations and 
nitrogen fertilization upon the wheat protein 
content (Table 5), it can be seen that both in the 
non-fertilized variant and the N100 application, 
crop rotation did not exhibit a significant 
influence. Nitrogen fertilization generated an 
increase of protein content in the same rotation, 
which varied between 1.60% in wheat 
monoculture and 2.85% in the four-year 
rotation with plot skipping.  
The same situation could be seen in maize. The 
raw protein content was not significantly 
influenced both in the fertilized and non-
fertilized variants. Significant increases in the 
protein content occurred within the same 
rotation, which varied between 1.85% in the 
four-year rotation with plot skipping after 
maize and 2.61% in the monoculture. 
Following the influence of crop rotation and 
nitrogen fertilization upon the content of raw 
protein in wheat (Table 6), it can be seen that, 
in the non-fertilised variant, the highest raw 
protein content (289.3 kg/ha) was recorded in 
the four-year rotation, followed by the three-
year rotation with 289.0 kg/ha. 

At N100, the highest protein quantity of 533.5 
kg/ha was recorded in the three-year rotations, 
followed by 526 kg/ha in the four-years 
rotation. Following the influence of fertilization 
upon the protein quantity within the same 
rotation in wheat, we can see a variation 
between 195.5 kg/ha in the monoculture and 
252.2 kg/ha in the four-year rotation with plot 
skipping. 
Following the influence of crop rotation and 
nitrogen fertilization upon the protein quantity 
in maize (Table 6), we could see the highest 
protein quantity 347.4 kg/ha in the non-
fertilized variant in the three-year rotation, 
followed by 331.7 kg/ha in the four-year 
rotation with plot skipping after wheat. At N100, 
the highest protein quantity 573.6 kg/ha was 
achieved in the three-year rotation, followed by 
the four-year rotation with 559.9 kg/ha. 
Following the influence of fertilization upon 
the protein quantity within the same rotation, in 
maize we recorded a variation between 217.6 
kg/ha in the two-year rotation and 238.9 kg/ha 
in the four-year rotation. 
The correlation with statistical significance 
between protein quantity and the number of 
years in rotation can be made both in wheat 
(Fig 5) and maize (Fig 6), in the absence of 
nitrogen and at application of N100.   

 

Table 5. Influence of crop rotations and nitrogen fertilization upon the wheat  
and maize protein content on reddish preluvosoil 

Rotation Influence of crop rotation upon protein content in: Influence of nitrogen  
upon  protein content 
in the same rotation 

B1 – non-fertilized  b2 – N100 

Protein 
content (%) 

Difference(%)/ 
Significance 

Protein 
content (%) 

Difference(%)/ 
Significance 

Difference 
(%) 

Signi-
ficance 

Winter wheat 
Monoculture 11.12 Mt 12.72 Mt 1.60 * 
Two-year rotation 10.51 - 0.61 13.24 0.52 2.73 *** 
Three-year rotation  11.47 0.35 13.82 1.10 2.35 ** 
Four-year rotation  11.57 0.45 13.77 1.05 2.20 ** 
Four-year rotation with 
plot skipping 

10.63 -0.49 13.48 0.76 2.85 *** 

                                  DL5% =   1.33%;     DL1% =    1.72 %;      DL0,1% =   2.53%.                                                                                                     
Maize 
Monoculture 7.23 Mt 9.84 Mt 2.61 *** 
Two-year rotation 7.72 0.49 9.63 -0.21 1.91 ** 
Three-year rotation  8.06 0.83 10.01 0.17 1.95 ** 
Four-year rotation  7.83 0.60 9.91 0.07 2.08 ** 
Four-year rotation with 
plot skipping (after wheat) 

7.86 0.63 9.75 -0.09 1.89 ** 

Four-year rotation with 
plot skipping (after maize) 

7.79 0.56 9.64 -0.20 1.85  
** 

                                  DL5% = 1.38% ;      DL1% = 1.63%;       DL0,1% = 2.29%.                                                                                                         
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Table 6. Influence of crop rotations and nitrogen fertilization upon the wheat  
and maize protein production on reddish preluvosoil (Moara Domneasca) 

Rotation Influence of crop rotation  upon protein quantity in: Influence of nitrogen  
upon  protein quantity 
in the same rotation 

b1 – non-fertilised  b2 – N100 

Quantity 
(kg/ha) 

Difference 
(kg/ha)/ 

Signification 

Quantity 
(kg/ha) 

Difference 
(kg/ha)/ 

Signification 

Difference 
(kg/ha) 

Signi-
fication 

Winter wheat 
Monoculture 196.3 Mt 391.8 Mt 195.5 *** 
Two-year rotation 242.8 46.5 ** 478.0 86.2 *** 235.2 *** 
Three-year rotation  289.0 92.7 *** 533.5 141.7 *** 244.5 *** 
Four-year rotation  289.3 93.0 *** 526.0 134.2 *** 236.7 *** 
Four-year rotation 
with plot skipping 

246.6 50.3 *** 498.8 107.0 *** 252.2 *** 

                         DL5% =    26.3 kg/ha;    DL1% =    38.6 kg/ha;      DL0.1% = 47.9 kg/ha.                                                                                

Maize 
Monoculture 232.8 Mt 465.4 Mt 232.6 *** 
Two-year rotation 303.4 70.6 ** 521.0 55.6 * 217.6 *** 
Three-year rotation  347.4 114.6 *** 573.6 108.2 *** 226.2 *** 
Four-year rotation  321.0 88.2 *** 559.9 94.5 *** 238.9 *** 
Four-year rotation 
with plot skipping 
(after wheat) 

331.7 98.9 *** 554.8 89.4 *** 223.1 *** 

Four-year rotation 
with plot skipping 
(after maize) 

310.0 77.2 ** 528.3 62.9 * 218.3 *** 

                              DL5% =  45.2 kg/ha;   DL1% =  67.3 kg/ha; DL0,1% = 79.3 kg/ha.                                                                                  

 
 

Fig. 5 Correlation between protein quantity in wheat 
and the year number in rotation in the non-fertilized 

variant and at N-100 
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Fig. 6 Correlation between  protein quantity in maize 
and the year number in rotation in the non-fertilized 

variant and at N-100
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CONCLUSIONS 
 
Research performed between 1996 and 2010 on 
the crop rotation at the experimental field from 
Moara Domneasca – Ilfov allowed the 
following formulation: 
1. In wheat, the nitrogen application led to a 
decrease of the weeding degree with up to 
55.2% in the four-year rotation, while in corn 
the four-year rotation led to a decrease of the 
weeding degree with 49.3%, in comparison 
with monoculture. The application of nitrogen 
to maize led to an increase of weeding of 
12.5% in the same rotation.  
2. Compared with monoculture, unfertilized 
crop rotation led to an increase in the quantity 
of organic matter remaining in the soil (234.2 
kg/ha at wheat and 182.5 kg/ha at maize) in the 
four-year rotation The application of N100 led to 
an increase in organic matter with 536.8 kg/ha 
in the monoculture, 654.3 kg/ha in the four-year 
rotation in wheat, 469.7 kg/ha in the 
monoculture and 672 kg/ha in the four-year 
rotation in maize and 3225.3 kg/ha in year III in 
alfalfa. As a result, the association of rotation 
with fertilization leads to an increase in organic 
biomass, with amplified action of the factors in 
maize, while in wheat the amplification effect 
was not visible. 
3. In the non-fertilized wheat and wheat 
fertilized with N100, on the  average, the highest 
yields was 25.2 q/ha and 38.6 q/ha, 
respectively, realised in the three-year rotation 
soy-bean-wheat-maize, followed by the four-
year rotation with 25.0 q/ha and N100 by the 

four-year rotation with 38.2 q/ha in the non-
fertilized variant. 
4. In non-fertilized maize and maize fertilized 
with N100, on an average, the highest yields of 
43.1 q/ha and of 57.3 q/ha was achieved in the 
three-year rotation, followed by: non-fertilized, 
the four- year rotation with plot skipping after 
wheat with 42.2 q/ha and in N100 the four-year 
rotation with plot skipping (after wheat) with 
56.9 q/ha and fertilized, the four-year rotation 
with 56.5 q/ha 
5. The quotient of nitrogen valorification from 
the fertilizer, by corn production in wheat 
varied between 11.4 and 13.8 kg/1 kg a.i. N, the 
highest values being obtained at the 3 year 
rotation and at the 4 year rotation with jumping 
plot. At maize, the quotient of nitrogen 
valorification from the fertilizer, by grain 
production has varied between 14.2 and 15.5 
kg/kg a.i. N, the highest values being obtained 
at the 4 year rotation and at the 4 year rotation 
with jumping plot.  
6. Crop rotation in the non-fertilized variant 
and at N100 had no significant influence upon 
the protein content in wheat and maize. Within 
the same rotation, nitrogen fertilization with 
N100 generated important increases in the levels 
of protein content, which varied between 1.60% 
in wheat  monoculture and 2.85% in the four-
year rotation with plot skipping and in maize 
between 1.85% in the four-year rotation with 
plot skipping after maize and 2.61% in 
monoculture. 
7. Regarding the weeding degree, correlations 
with statistical significance were made between 
the wheat and maize yield and the protein 

76



 

 

content on the one hand, and the number of 
years in crop rotation on the other hand.  
The above provided the crop rotation method 
based on three- and four-year crop rotations an 
important role in achieving safe and stable 
yields. 
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Abstract 
 
In the present paper we discuss different aspects of the soil biota functioning in the current farming system of the 
Republic of Moldova. The natural stability of the biota in virgin, fallow and arable soils has been estimated, the 
assessment system of the sustainability of invertebrates and microorganisms of soils to the anthropogenic impacts has 
been developed. The zones of homeostasis have been determined and criteria of the resistance of soil biota standards 
have been elaborated. The modifications of the biological properties of soils have been established, as a result of their 
long-term arable use and the application of high doses of mineral fertilizers. More information about the biological soil 
degradation has been acquired, as a result of dehumification processes and aggregates destroying the anthropogenic 
nature. The system of fertilizers application on soils with a normal profile has been substantiated from the biological 
point of view. The method of green manure application has been applied in order to restore the biota of degraded soils 
and to improve soil quality and the environment. 
 
Key words: degradation, green manure, homeostasis, soil biota 
 
INTRODUCTION  
 
Biota, an essential component of soils and 
ecosystems as a whole, participates in the 
processes of pedogenesis, water-stable structure 
formation, self-purification from contaminants, 
nutrient cycling, energy cycle, and maintains 
homeostasis [3, 4, 9]. Ecologically, soil biota is 
responsible for regulating several critical 
functions in soil. Soil organisms contribute a 
wide range of essential services to the 
sustainable functioning of all ecosystems by 
acting as regulators of the dynamics of soil 
organic matter, soil carbon sequestration and 
greenhouse gas emission; modifying the soil 
physical structure and water regime; enhancing 
the amount and efficiency of nutrient 
acquisition by vegetation; and enhancing plant 
health [4, 6, 9]. The main role of the soil biota 
relates to the organic matter mineralization and 
the conservation of resources that have been 
formed within the limits of the ecosystem. In 
balanced ecosystems, processes of microbial 
decomposition of organic matter and its 
synthesis are closely linked with the growth of 
plants that provides the stable existence of 
undisturbed ecosystems during long periods of 

time. In degraded ecosystems, equilibrium is 
disturbed, mineralization processes are 
predominant. The stable deviation of biota 
indices from the equilibrium state of the 
parameter values either displaying an increase 
or decline indicates essential ecological 
changes or the destruction of soil ecosystem 
[9]. The changes in biological properties may 
indicate the risk of likely soil degradation as a 
result of human activity. In this respect, the use 
of soil bio-indication as an integrated 
monitoring tool for soil degradation might 
serve as a prospect solution. 
The current state of the soil cover in the 
Republic of Moldova is characterized by the 
intensification of the processes of degradation 
and desertification [10]. The total plowing of 
the land in the 1950s and 1960s, and an 
intensive use of chemicals in the years that 
followed, rendered the most powerful effect on 
the natural stability of soils. The decline in the 
organic matter content and the compaction of 
the arable soils with the normal profile is one of 
the main manifestations of the degradation 
processes in agricultural lands. There are many 
examples which prove the negative effects of 
not using organic fertilizers on the humus 
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content and soil physical properties [10]. At the 
same time, the massive diffusion and the 
excessive application of chemical fertilizers and 
xenobiotic compounds in agriculture resulted in 
the fragmentation and simplification of soil 
habitats. There has been a significant 
deterioration of the conditions needed for the 
vital activity of soil invertebrates and 
microorganisms.  
At the scale of an agricultural ecosystem, the 
preservation of soil functions and services 
depends upon the preservation of soil biota. To 
stop the degradation process and to restore the 
biological soil functions, it is necessary to carry 
out a set of measures aimed at increasing the 
carbon sink in degraded soils. The application 
of rich and varied sources of organic matter not 
only supplies plant nutrients, but also helps to 
increase below-ground biodiversity by 
providing an array of substrates capable of 
supporting diverse soil organisms. In Moldova, 
crop residues, green manures, animal wastes 
and composts can be used as organic matter.  
The purpose of the research was to determine 
the influence of different management practices 
on the biological properties of soils, to develop 
scale parameters of the soil biota stability and 
to establish the green manure method for the 
biota restoration of the soils that have been 
degraded as the result of long-term agricultural 
use. 
 
MATERIAL AND METHOD  
 
Experimental site. Three experimental sites 
located in different zones of the Republic of 
Moldova have been tested. Various ways of 
treatment-utilization of the soil and land 
management practices in the condition of long-
term field experiments have been analyzed.  
The first site was in the north, on the long-term 
field experiments of the Research Institute of 
Field Crops “Selectia” (Beltsy). It had 3 plots: 
fallow land (60-year-old), fallow land (10-23-
year-old) and long-term arable land 
(management with no fertilizer). 
The second site was located in the center of the 
country, in the Ivancha village, Orhei region 
(Photo 1). The natural land under forests, the 
long-term arable land with crop rotation 
without fertilizers, mineral fertilizer systems 

(N60P60K60 and N90-300P60K60), and organic 
manure with crop residue treatments were 
tested. Mineral fertilizers were applied during 
1965-1995 and 2006. Crop residues were 
plowed annually; farmyard manure was 
introduced in the dose of 60 t ha-1 in 1991, 1996 
and 2005. 
The third site was located in the southern area, 
in the Tartaul de Salchie village, Cahul region. 
These were plots with a long-term arable land 
and green manure treatments. Vetch was used 
once as green manure. 

 
Photo 1. Fragments of natural and agricultural landscapes 

located in the central zone of the Republic of Moldova 
Soils. Investigations were performed on the 
typical, leached, ordinary chernozem and the 
gray forest soil. The database of soil biological 
indicators covered the period between 1986 and 
2011.  
Status of invertebrates. The state of 
invertebrates was identified from test cuts by 
manually sampling the soil layers to the depth 
of soil fauna occurrence applying Gilyarov and 
Striganova’s method [12].                                        
Microbiological properties. Microbial biomass 
C (MB) was measured by the rehydratation 
method [5]. Counts of microorganisms 
(heterotrophic bacteria, fungi, humus-
mineralizing microorganisms) were obtained on 
agar plates [11].  
Enzymatic activity. The (potential) urease 
activity was measured by estimating the 
ammonium released on incubation of soil with 
buffered urea solution by colorimetrical 
procedure [7]. The (potential) dehydrogenase 
activity was determined by the colorimetric 
technique on the basis of triphenylformazan 
(TPF) presence from TTC (2,3,5-
triphenyltetrazolium chloride) added to air-dry 
basis of soil [7]. The (potential) 
polyphenoloxidase activity was determined by 
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the colorimetric technique with the use of 
hydroquinone as a substrate [8]. 
Soil chemical properties. The humus content 
was analyzed by the dichromate oxidation 
method [1].  
The biological indices were evaluated 
statistically using the variation and correlation 
analysis. Statistical parameters of the state of 
soil invertebrates were calculated taking into 
account the depth of soil fauna occurrence, 
microorganisms and enzymes - for the layer of 
0-30 cm.  
 
RESULTS AND DISCUSSIONS 
 
Biota of the soils degraded as a result of a 
long arable land-use. The current state of the 
soil biota in the Republic of Moldova is the 
result of a long-term influence of human 
activity, through agricultural land management. 
Conventional tillage practices are generally 
unfavorable to the edaphic fauna, heterotrophic 
bacteria and various fungi (Table 1). Indeed, 
many of these organisms are extremely 
sensitive to perturbations of the soil. Indices of 
the number of invertebrates and Lumbricidae 
family decreased in arable soils by 2.4-3.1 and 
1.9-2.5 times respectively in comparison with 
virgin and fallow soils under conditions of 
natural ecosystems. More significant changes 
were registered in the biomass of invertebrates 
and the Lumbricidae family. That index 
reduced by 4.6-6.2 and 3.7-6.1 times, 
respectively. According to the average 
statistical data, the weight of one individual of 
the earthworm in the soil under arable 
management practices was 0.16-0.18 g, which 
was 1.5-3.1 times lower than in the virgin and 
fallow land.  
Soil microbial biomass decreased on average 
from 355.8-876.0 to 244.3-318.4 g C g-1 soil 
as a result of a long-term arable land 
management without the application of organic 
fertilizers. A similar trend in decrease was 

noticed in the number of heterotrophic bacteria 
and fungi. Activities of soil enzymes reduced: 
urease - by 2.8-5.8, dehydrogenase - by 1.5-3.2 
times, polyphenoloxidase - to 8.1-43.9%.  
The long-term use of soil under arable 
conditions affected the structure of soil 
microbial communities. The ratio between 
bacteria and fungi increased from 98 to 139 in 
the typical chernozem and from 64 to 82 in the 
gray forest soil. There was a 2.5-4.7 - fold 
increase in the number of humus-mineralizing 
microorganisms. More intensive land-use 
involving soil tillage stimulated the microbial 
decomposition of organic matter and tended to 
result in a decrease in the microbial carbon pool 
and ultimately in a decrease in the humus 
content (Table 1). 
The biological indices of investigated soils 
were characterized by the medium and 
considerable variability. There was a tendency 
of increase in the variation coefficient from the 
virgin and fallow soils to the arable soils on 
some indicators. Taking into consideration the 
decrease in the total level and increase in the 
amplitude of the biological parameters 
oscillations in degraded soils, this testified the 
decline of soil ecological resistance to 
anthropogenic impacts. The biological 
parameters of soils were grouped according to 
the humus content. The level and size of 
homeostasis zones, and therefore the biota 
stability, reached the maximum levels in the 
natural and fallow soil.   
The long-term plowing led to the destruction of 
water-stable soil structure. The content of 
agronomic valuable aggregates ( 10-0.25 mm) 
in the 0-25 cm layer of the typical chernozem 
decreased from 89.4-95.9% in fallow soils to 
59.2% in the arable soils, the content of 
particles >10 mm and <0.25 mm increased 
from 4.2-5.4% to 40.8% respectively. The 
amount of water-stable aggregates declined 
from 79.6-80.2% to 65.9%, the structure 
coefficient went down from 30.9 to 1.5-9.5 [2].  
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Table 1. Statistical parameters of the biota status in zonal soils under different land management (P  0.05) 

Index 

Typical chernozem Gray forest soil 
Fallow land Arable land (no fertilizer) Virgin land Arable land (no fertilizer)

mean 
values 

confidence 
intervals 

V, 
% 

mean 
values 

confidence 
intervals 

V,  
% 

mean 
values 

confidence 
intervals 

V, 
% 

mean 
values 

confidence 
intervals 

V, 
% 

Invertebrates (n = 6-22) 

Number of invertebrates, 
ex m-2 339.6 279.3-399.9 17 141.4 118.2-164.6 40 195.8 169.3-222.3 27 63.8 46.6-81.0 74 

Biomass of invertebrates, 
g m-2 82.2 32.0-132.4 58 17.8 12.3-23.4 68 46.9 29.1-64.7 60 7.6 6.5-8.6 27 

Number of Lumbricidae 
fam., ex m-2 227.3 172.4-282.2 23 91.1 73.5-108.7 47 83.0 63.6-102.4 37 43.2 32.0-54.4 71 

Biomass of Lumbricidae 
fam., g m-2 61.2 2.7-119.7 92 16.5 11.3-21.7 72 41.5 23.9-59.1 67 6.8 5.8-7.7 27 

Microorganisms (n = 8-33) 
Microbial biomass, 

 g C g-1 soil 
355.8 267.5-444.1 35 318.4 265.9-370.9 26 876.0 686.9-

1065.1 26 244.3 209.9-278.7 28 

Heterotrophic bacteria, 
CFU g-1soil*106 6.3 5.4-7.2 30 5.2 4.7-5.7 24 5.9 4.8-8.0 36 3.3 3.3-3.4 10 

Humus-mineralizing 
microorganisms, 
CFU g-1 soil*106 

6.5 5.4-7.5 36 16.2 15.2-17.3 14 1.9 1.05-2.75 46 8.9 8.6-9.2 15 

Fungi, CFU g-1 soil*103 64.6 59.0-70.2 19 37.4 34.6-40.3 17 110.0 98.1-121.9 11 40.5 33.5-47.6 30 

Enzyme activity (n = 3-22) 

Urease,  mg NH3 10 g -
1soil 24 h-1 12.5 10.0-15.0 20 4.5 3.4-5.6 10 8.1 5.4-9.7 18 1.4 0.9-1.9 51 

Dehydrogenase, 
mg TPF 10g-1 soil 24h-1 

2.92 2.22-3.62 38 1.94 1.59-2.29 31 2.40 2.13-2.67 11 0.74 0.59-0.89 42 

Polyphenoloxidase,  
mg 1,4-p-benzoquinone 
10 g-1 soil 30 min-1 

7.4 4.1-10.7 63 6.8 4.7-8.9 53 4.1 1.1-7.1 70 2.3 1.9-2.7 41 

Humus content, % 4.9-5.1 4.4-4.7 4.0-5.7 2.1-2.4 
1CFU – colony forming units 
 
The reduction of organic matter, the destruction 
of soil structure and the significant deterioration 
of the biological parameters of arable soils 
represent interconnected and interdependent 
processes. The correlation coefficient (R2) 
between the biomass and number of 
microorganisms and humus content in the 
typical chernozem under arable constituted 0.58 
- 0.90, in conditions of 15-old-years fallow 0.76 
- 0.95, of 60-old-years fallow – 0.74 - 0.94. 
Strong positive correlation links were found 
between the abundance of microorganisms and 
the amount of agronomic valuable aggregates, 
R2 = 0.86 - 0.92. Microbial biomass in the 
typical chernozem was localized partly in 
fractions of 5-3, 3-2, 2-1 mm and 7-5 mm 
fraction. The link between the microbial 
complex and the amount of fractions >10 mm 
and <0.25 mm was strongly negative, R2 = -
0.86 – (-0.92). Water-stable aggregates 
formation was mainly influenced by the 
presence of microscopic fungi in the soil (R2 = 
0.79). 

The results proved that the interaction between 
microbial components (and biota as a whole), 
soil structure and soil fertility status was closer 
in soils of natural ecosystems, especially in the 
layer of 0-25 cm. As a result, their resistance to 
natural and anthropogenic negative impacts was 
higher than that of the soils in agricultural 
ecosystems. The rupture and the attenuation of 
relations between the biotic and abiotic 
components of soils led to the decrease in their 
natural stability and the development of 
degradation processes.  
The soil biota degraded as a result of the 
impact of mineral fertilizers application. A 
long-term soil management practice with high 
doses of inorganic fertilizers application 
determined the appearance of negative changes 
in the complex of biota of leached chernozem 
and gray forest soils, reducing their stability 
and deteriorating their quality (Table 2). As a 
result of arable layer acidification (pH is 
reduced by 0.15-0.35) and increased hydrolytic 
acidity (at 0.55-1.95 me 100 g-1), the total 
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number of invertebrates in the leached 
chernozem reduced by 1.9 times, biomass - 2.1 
times, mainly due to the reduction of 
saprophagous by 4-5 times. The reproduction of 
phytophagous larvae (for example, Melolontha 
melolontha) was observed, their numbers 
increased by 9.5 times. The number of 
Limbricidae family declined to 1.5-2.5, their 
biomass – of 1.8-1.9 times in both soils (Table 
2). Invertebrates migrated in the subsurface soil 
layers.  
The total microbial biomass changed 
insignificantly, but the limits of its oscillations 
on the plots with N90-300P60K60 were more 
essential in comparison with plots without 
fertilizers. The increase in the abundance of 
microscopic fungi by 2.3 times under 
application of mineral fertilizers in high doses 
the nitrogen was observed. The number of 
phytotoxic species grew by 23-33%. 
 
Table 2. Biota degradation in long-term use of high doses 

of mineral fertilizers (n = 3-34, P  0.05) 

Index 
Leached chernozem Gray forest soil 

no 
fertilizer 

N90-

300P60K60 
no 

fertilizer N240P60K60

Number of Lumbricidae 
fam., 
 ex m-2 

108 ± 22 44 ± 7 38±6 26±4 

Biomass of Lumbricidae 
fam., 
 g m-2 

8.3 ± 3.5 4.7 ± 0.9 6.8±1.0 3.6±3.1 

Microbial biomass, 
 g C g-1 soil  

315±28 323±59 244±34 208±77 
Fungi, CFU g-1 soil*103  30.2±3.3 69.8±10.9 40.5±7.0 94.2±27.8
Dehydrogenase, 
mg TPF 10g-1 soil 24h-1  

1.47±0.24 1.19±0.27 0.74±0.15 0.68±0.42

Polyphenoloxidase,  
mg 1,4-p-benzoquinone 
10 g-1 soil 30 min-1  

3.9±0.5 2.6±0.5 2.2±0.5 1.5±0.5 

 
The long-lasting application of mineral 
fertilizers led to decreases in dehydrogenase 
activity in average by 8-19% and 
polyphenoloxidase activity by 1.5 times 
compared to unfertilized control plots. Enzyme 
activities were lower than the optimum level, 
providing the soil system stability. Negative 
shifts in the state of enzymes were 
accompanied by an increase in the soil acidity, 
disturbance in the humification–mineralization 
equilibrium and by soil degradation on the 
whole. Enzyme activities under mineral system 
with maximum doses were suppressed even in 
10 years after the cessation of inorganic 
fertilizers use. The use of high doses of 

nitrogen fertilizers had a long aftereffect and 
persisted for some indicators on the organic 
fertilizers backgrounds. 
The restoration of the degraded soil biota by 
using organic amendments and green 
manures. The biota in degraded soil was under 
stress for a long time and required restoration. 
The process of natural recovery of the soil biota 
composition and activity in agricultural lands 
with the mineral fertilizers after-effect was 
slow. The biomass of biota was restored 
quicker, its diversity and enzymatic activity – 
to a lesser extent.  
The manure application with plant residues 
additives and N60P60K60 restored the biota of 
old arable soils to the homeostasis zone (Table 
3). The decline of humus-mineralizing 
microorganisms and the activation of enzymes 
was registered.  
 

Table 3. Influence of the organic  
and mineral fertilizers system on the biota restoration in 

the long-term arable soils 

Variant 

Number of 
Lumbricidae 

fam., 
 ex m-2 

MB, 
 g C  

g-1 soil 

Humus- 
mineral. 

microorganis. 
CFU  

g-1 soil * 106 

Dehydro-
genase, 
mg TPF 
10g-1 soil 

24 h-1 

Polyphe-
noloxidase, 
mg 1,4-p-

benzoquino-ne 
10 g-1 soil 30 

min-1 
Leached chernozem 

No 
fertilizer 

52 – 71 315±28 9.6±1.8 1.47±0.24 3.9±0.5 

Fond 44 – 72 362±52 7.9±2.0  1.99±0.33 5.9±1.2 
Fond + 
N60P60K60 

50 – 76 395±56 7.1±1.7 1.86±0.40 4.4±1.5 

Gray forest soil 
No 
fertilizer 32 – 54 244±34 8.9±0.3 0.74±0.15 2.4±0.7 

Fond 16 – 72 302±49 6.0±1.4 1.40±0.76 5.0±0.5 
Fond + 
N60P60K60

36 – 74 276±23 6.7±0.9 1.45±0.08 2.8±0.5 
1Fond: plant residues + farmyard manure 60 t ha-1 

 
The favorable effect of green manure 
management on invertebrates in the ordinary 
chernozem was noted, both as the average 
values of indicators and as the confidence 
intervals. 
The number of invertebrates increased from 
54.8 to 86.9 ex m-2, the number of Lumbricidae 
family – from 30.1 ex m-2 to 56.8 ex m-2 

respectively (Fig. 1).The biomass of 
invertebrates remained practically unchanged, 
while the biomass of Lumbricidae family 
increased by 1.4 times. The share of 
Lumbricidae family in the total population 
increased from 54.9% to 65.4%. The maximum 
number of invertebrates and earthworms in the 
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soil was registered in the spring of 2010, the 
minimum - in the autumn of 2011.  
 

Ordinary chernozem

54,8

86,9

30,1

56,8

0

20

40

60

80

100

control plot green manure plot

ex
 m

-2

total Lumbricidae fam.  
Fig. 1. Effect of green manure on the abundance of soil 
invertebrates in ordinary chernozem (mean values, n=7-

9, P  0.05) 
 
This was not only due to the reduction of the 
fresh organic matter in the soil but also the 
decrease of moisture content in the root layer 
(0-40 cm) from 20.3% in spring to 9.3% in 
autumn in the control plot and from 21.9% to 
10.8 % in the green manure plot accordingly. 
The use of green manure method increased the 
microbial biomass content from 212.6 to 300.9-
334.9  g C g-1 sol. A stimulation of bacteria 
growth, microorganisms forming 
polysaccharides and fungi were observed. 
 
CONCLUSIONS 

 
The long-term arable use of soils leads to its 
degradation. The biological degradation of 
arable soils is interconnected with the 
dehumification processes, compaction and 
destruction of soil structure. A major reason for 
the deterioration of soil biological properties 
and for the decline of humus content under 
arable agriculture is annual tillage which 
aerates the soil and breaks up aggregates where 
microbes are living. In the arable soil humus-
destroying microorganisms dominate. The 
values of most biological indicators in zonal 
soils decrease in the following sequence: 
natural and long-term fallow land  arable 
land without fertilizers  arable land with 
mineral fertilization of N90-300. The reduction of 
the biochemical potential and diminution in the 
size of homeostasis zone of soil invertebrates 
and microorganisms result in the attenuation of 

natural soil stability. The restoration of biota is 
based on the change in the existing balance of 
carbon in degraded soils of agricultural 
ecosystems. Application of organic fertilizers in 
the form of farmyard manure and the annual 
addition into degraded soils of crop residues 
with N60P60K60 helps to prevent ecological 
violations in the state of soil biota, to restore 
individual species and populations of 
invertebrates and microorganisms, stabilize and 
improve the enzymatic activity. The green 
manure use restores the biota functioning to the 
zone of homeostasis and increases the stability 
of soils to the degradation. 
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Abstract 
 
Cramposie is a Romanian grape variety mostly cultivated in the Dragasani area, but also in a few other regions of 
Romania. In this study, wines were produced from this variety cultivated in the southernmost region of Romania – the 
viticultural center of Zimnicea, Teleorman county. Four experimental batches were produced with different selected 
yeasts, in one case a co-inoculation of two yeasts being used. Some modern technological sequences were also applied, 
such as must clarification by flotation, antioxidant protection with a combination of sulfur dioxide, ascorbic acid and 
tannins, and fermentation at low temperature. A flash dual-column gas-chromatograph was used to differentiate the 
experimental samples. Samples of Cramposie wines were compared with wines of well-known white international 
varieties cultivated and processed in the same terroir. The quality of the new wines was also confirmed by the awards 
obtained at an international wine contest. 
 
Key words: Cramposie, viticultural center of Zimnicea, aroma profile, electronic nose 
 
INTRODUCTION 
 
The viticultural center of Zimnicea (Teleorman 
county) is located in the southernmost point 
cultivated with grapevine in Romania. It is 
located on the left bank of the Danube river, on 
the first of the Danube Terraces; for this reason, 
the vineyards are included in the protected 
Geographical Indication “Terasele Dunarii” 
[31]. The entire region is included in the 
European viticultural zone CII, as set by the 
Council Regulation R(CE) 479/2008 [26, 28] 
regarding the common organisation of the 
market in wine. A full description of the terroir 
in which Zimnicea is included can be found in 
the specifications for the GI Danube Terraces 
[35]. The region is most suitable for the 
cultivation of table grapes and grapes for red 
wines [16], quality wines of Cabernet 
Sauvignon and Merlot having been produced 
here for several decades. The production of 
quality white wines is, however, quite recent in 
the Zimnicea region, Cramposia being the most 
representative variety for these wines.  
Cramposia is an old autochthonous variety with 
uncertain origin [10], which is mostly found in 
the Dragasani region [10, 9 cited by 19]; it 

survived the phylloxera invasion which 
officially started in Romania in 1884 [13], 
when most of the indigenous varieties were 
lost. The variety was mentioned by 
Constantinescu in 1959 [10] also in the Dealu 
Mare region and Calinesti-Leordeni (Pitesti) 
and Bucium (Iasi). Especially after the 1972 
homologation of the Cramposie selected 
cultivar [13, 19], which was destined only for 
wine production,  the Cramposie variety spread 
to the viticultural centers of Medgidia in the 
Murfatlar region and other centers located on 
the Danube Terraces [19]. In Zimnicea, the 
selected Cramposie wine variety is cultivated 
but, before Intervitt winery started to function 
in 2010, it was mostly used to produce grapes 
for consumption as fresh fruit, the region being 
famous in the past for table grape production 
[16]. Grapes are crispy with clusters of 200-400 
g each and medium size berries [19, 10], being 
suitable both as table grapes [10, 20 cited by 
18] and for winemaking [19]. It has a high 
yield, around 16.5 t/ha [19] and produces wines 
with 11-12% v./v. alcohol, while maintaining a 
good acidity. In Dragasani it became famous 
for this relatively high alcoholic strength this 
variety brought to the “primeur”-type wines, a 
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specific local assortment obtained from 
Cramposie, Braghina, Gordan and Tamaioasa 
romaneasca [19] and consumed unfiltered. In 
Zimnicea, due to the favourable climate 
conditions, the grapes easily accumulate 
enough sugar to produce wines with the 
alcoholic concentrations required for the 
Geographical Indication of this region [35, 22]. 
Actually, the wines not only follow the 10.0% 
alcohol requirement, but can also reach 12.5-
13.5% v./v. alcohol when made from fully 
matured grapes. The wines produced in this 
terroir would also be suitable for being included 
in a Denomination of Origin category [27], but 
so far the producers in the Zimnicea region 
have not filed a documented request for such a 
Denomination to be recognized. This study 
aims to contribute to proving that the Zimnicea 
region produces wines of recognizable quality 
and deserves to have a Denomination of Origin 
of its own. 
  
MATERIAL AND METHOD 
 
Raw materials 
The grape varieties selected for the experiments 
were: the local variety Cramposie, whose 
ability to produce quality wines in the terroir of 
Zimnicea was under investigation, but also 
other international varieties such as Italian 
Riesling (Welschriesling), Chardonnay, 
Sauvignon blanc, Cabernet Sauvignon or 
indigenous varieties such as Feteasca neagra. 
The wine batches of 100 hl for each white wine 
and 200 hl for each red wine were produced in 
2011 from grapes harvested in the vineyards of 
Zimnicea, in the winery Intervitt located at 
Zimnicea. 
The grapes harvested in September 2011 
accumulated enough sugar to produce quality 
wines in accordance with the international [26, 
35] and national [32] regulations in force. The 
sugars accumulated up to the harvest date for 
each variant are included in Table 1. The 
acidity at harvest time is also provided in Table 
1. This acidity was not corrected in musts or 
later in wines, so that the real ability of the 
grape varieties in the terroir of Zimnicea to 
produce white wines of recognizable quality 
could be properly evaluated.  
  

Oenological substances and reagents 
The oenological substances used for the 
production of wines in Zimnicea were the usual 
ones applied by many wineries worldwide. 
Their application ensures the production of 
quality wines in accordance with the quality of 
the raw materials. This study focused on the 
ability of this new wine terroir (in Zimnicea) to 
produce wines of recognizable quality. 
Therefore, the small differences induced by the 
usage of various oenological substances are not 
under scrutiny here, but the main focus is on 
the overall quality of the varietal wines resulted 
from grapes harvested in this new terroir. 
For purposes of clarity, the oenological 
substances used for each wine are detailed 
hereafter, in order to document that the 
winemaking technology was in accordance with 
the modern technologies applied nationally and 
internationally. 
Hence, potassium metabisulphite, ascorbic acid 
and tannin were added as antioxidants in wines. 
For white wine production, a combined product 
provided by Enologica Vason company [29], 
under the name of Flavour-save, containing 
65% of potassium metabisulphite (E224) and 
35% of L-ascorbic acid (E300) was used for 
antioxidant protection, while in red wines only 
potassium metabisulphite (E224) was applied. 
Catechin condensed tannins, similar to tannin 
extracted from grapes, were also added in all 
musts. In white musts 1-3 g/hl tannins in the 
form of single or complex products from 
Enologica Vason (Ti Premium,) or AEB Group 
[23] (Tanethyl Effe, Noxitan), while in red 
musts 4 g/hl tannins in the form of single or 
complex products from Enologica Vason 
(Premium Color SG) or AEB Group (Noxitan) 
were added, respectively. 
Gelatine (Flotogel, Enologica Vason) and 
bentonite (Bentogran, AEB Group) used for the 
must clarification by flotation were of food 
grade purity. The nitrogen used for flotation 
was of 99% purity produced with a gas-
generator in the winery. 
The yeasts used for fermentation were all 
Saccharomyces cerevisiae yeast strains 
provided either by Enologica Vason (Flavour 
2000, Premium Blanc, Premium Chardonnay, 
ERSA 1376, Premium Zinfandel) or by AEB 
Group (Fermactive AP, Fermactive 
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Chardonnay, Fermactive Rouge Expression). In 
order to support the growth and fermentation of 
these yeasts, fermentation activators were also 
added in the musts, such as 20 g/hl V-Activ 
(Enologica Vason) or  5 g/hl Fermoplus Energy 
Glu (AEB Group). 
Winemaking sequence 
Grapes were harvested in accordance with the 
possibilities of the winery, mechanically for the 
new plantations and manually in the older 
plantations where the distances between rows 
do not allow for the mechanical harvest.  
As shown in previous studies by many authors, 
the harvest procedure does not affect the quality 
of the final wine, provided that during the 
mechanical harvesting procedures all the 
precautions are taken to protect the resulted 
mash from oxidation and microbiological 
contamination.  
In order to ensure proper antioxidant and 
antimicrobial protection, tannin was added in 
all musts at the same time with the sulfur 
dioxide releasing product, which enhanced the 
antioxidant protection as described above.  
The manually harvested grapes were 
destemmed and crushed with an industrial 
equipment and then sent to the press (white 
wine varieties) or to the maceration-
fermentation tank (red wine varieties), while 
the mechanically harvested grapes were directly 
passed to the press or to the maceration-
fermentation tank, respectively.  
All white musts have undergone a clarification 
stage through flotation with nitrogen flow of 20 
ml/min, by using an Easyfloat equipment from 
Juclas [30] and flotation enzymes Flotogel 10 
g/l and gelatine 5 g/hl and bentonite 15 g/hl 
were injected during the process of flotation to 
enhance the clarification efficiency.  
The white wines of each batch were produced 
in tanks of 100 hl with centralized cooling 
system. The red wines were produced in
batches of 200 hl in vertical tanks with 
programmed must recirculation. Fermentation 
was performed at 15-17°C, after inoculation or 
co-inoculation with the selected yeasts 
mentioned above. The selected dry-yeasts 
where re-hydrated in warm water for 20 min in 
the presence of an activator and introduced 
directly in the fermentation tanks.
 

Table 1. Experimental wine variants of wines produced 
in Zimnicea (2011 harvest) 

Variant Sugar 
in 

must, 
g/l 

Must 
total 

acidity, 
g/l 

tartaric 
acid 

Inoculated 
yeast 

Harvest 
type 

6a-Cr; 
6b-Cr 

223.1 8.29 Flavour 2000 Manual 

9-Cr 217.7 7.45 Premium 
Blanc + 

Premium 
Chardonnay 

Manual 

11-Cr 210.3 7.02 Fermactive AP Manual 
1-Ch 214.0 9.45 Fermactive 

Chardonnay 
Mecha-

nical 
15-Sb 219.7 8.40 ERSA 1376 Mecha-

nical 
20-RI 223.8 6.75 Premium 

Blanc 
Manual 

21-FN 244.1 9.30 Premium 
Zinfandel 

Mecha-
nical 

36-CS 219.7 7.50 
 

Fermactive 
Rouge 

Expression 

Mecha-
nical 

 
The variants produced in the available stainless 
steel tanks are summarized in Table 1. The 
variant 6-Cr had two repetitions, obtained from 
the same raw material, harvested in the same 
day and processed with the same treatments, 
but stored in separate 100 hl tanks.  
Physical and chemical analyses 
The methods used for physico-chemical ana-
lyses were in accordance to the OIV re-
commended methods [25], most of them being 
also included in our national standards from 
ASRO [34], as follows: specific gravity, 20°C: 
OIV-2011-MA-AS2-01A / STAS 6182/8-71; 
density, 20°C: OIV-2011-MA-AS2-01A/STAS 
6182/8-71; total alcoholic concentration: OIV-
2011-MA-AS312-01A/STAS 6182/6-70; resul-
ted alcoholic concentration: OIV-2011-MA-
AS312-01A/STAS 6182/6-70; total acidity: 
OIV-2011-MA-AS313-01A / STAS 6182-1-
2008; volatile acidity: OIV-2011-MA-AS313-
02A / STAS 6182-2-2008; total dry matter: 
OIV-2011-MA-AS2-03B / STAS 6182-9-80; 
reduced dry matter: OIV-2011-MA-AS2-03B / 
STAS 6182-9-80; total sugar (inverted, ex-
pressed as glucose and fructose): STAS 6182-
17-81; reducing sugars: OIV-2011-MA-AS311-
01A / STAS 6182-18-2009; citric acid: OIV-
2011-MA-AS313-09; pH: OIV-2011-MA-
AS313-15/ STAS 6182-14-2009; free sulfur 
dioxide: OIV-2011-MA-AS323-04B / STAS 
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6182-13-09; total sulfur dioxide: OIV-2011-
MA-AS323-04B / STAS 6182-13-09; malvi-
dine diglycoside: OIV-2011-MA-AS315-03B / 
STAS 6182-20-2009. 
Electronic nose 
The volatile profile of the wine samples was 
compared by recording a volatile fingerprint 
with an electronic-nose type analyzer, produced 
by the French company Alpha Mos, and called 
commercially Heracles. The apparatus is a dual 
column flash gas-chromatograph, fitted with a 
powerful software, Alpha Soft v. 11, which 
allows for rapid and reliable discrimination 
between wine samples.   
4 ml of each wine sample, in triplicates, were 
introduced in 10 ml vials with metal cap, which 
were automatically handled for analysis by a 
HS 100 autosampler. The principle and the 
analytical method applied are described in 
detail in other works [4, 5, 6, 7]. 
Wine contest evaluation 
The evaluation of wines in an international 
contest was performed based on the rules 
enforced by the International Organisation of 
Vine and Wine [33]. Wines are grouped in 
accordance with the variety and sugar content, 
being evaluated by trained winetasters in panels 
of 5-9 persons. In the Chisinau International 
Wine Contest where our samples were 
evaluated, each panel consisted of 7 
winetasters. Several aspects related to wine 
sensorial quality were evaluated and marked on 
a special evaluation sheet [33], but only the 
total points out of 100 was reported in the end, 
as the average without extremes of the marks 
(average obtained from the marks after 
eliminating the minimum and maximum mark).  

 
RESULTS AND DISCUSSIONS 
 
The parameters determined for the wines 
produced in 2011 in the Zimnicea vineyard are 
presented in Tables 2, 3 and 4.  
The results for the physico-chemical analyses 
show that all the varieties cultivated and 
analyzed here, from the autochthonous variety 
Cramposie to the white wines from 
international varieties and red wines, had the 
required traits and allowed for the production of 
quality wines (as defined by the international 
legislation and specific regulations). 

Table 2. Physico-chemical parameters of Cramposie 
wines obtained at Zimnicea (harvest 2011) 

Parameter and 
measurement unit 

6a-Cr 6b-Cr 9-Cr 11-Cr 

Specific gravity, 
20°C 

0.9901 0.9900 0.9910 0.9920 

Density, 20°C 0.9883 0.9882 0.9892 0.9902 
Total alcohol, 

% v./v. 
13.28 13.16 12.96 12.50 

Acquired alcohol,  
% v./v. 

13.21 13.09 12.90 12.40 

Total acidity, g/l 
tartaric acid 

3.81 3.65 4.37 4.42 

Volatile acidity, g/l 
acetic acid 

0.24 0.23 0.24 0.16 

Total dry matter, g/l 19.10 18.50 20.30 21.50 
Reduced dry matter 

g/l 
17.96 17.28 19.28 19.80 

Total sugar 
(inverted), g/l 

1.14 1.22 1.02 1.70 

Reducing sugars,  
g/l 

1.14 1.02 1.02 1.53 

Citric acid, g/l 287.00 279.60 367.00 394.20 
free sulfur dioxide, 

mg/l* 
84.05 88.10 63.65 64.67 

total sulfur dioxide, 
mg/l* 

122.63 127.48 108.35 106.31 

malvidine diglycoside, g/l: not present in white wines 

*values not corrected for the ascorbic acid addition at fermentation, 
which interferes in the analysis  
 

Table 3. Physico-chemical parameters of international 
white wines obtained at Zimnicea (harvest 2011) 

Parameter and 
measurement unit 

1-Ch 15-Sb 20-RI 

Specific gravity, 20°C 0.9929 0.9929 0.9905 
Density, 20°C 0.9911 0.9911 0.9887 
Total alcohol,  % v./v. 12.73 13.08 13.34 
Acquired alcohol, % v./v. 12.64 12.96 13.27 
Total acidity,  g/l tartaric acid 4.11 6.03 4.36 
Volatile acidity, g/l acetic 
acid 

0.43 0.15 0.24 

Total dry matter, g/l 24.60 25.50 20.10 
Reduced dry matter, g/l 23.01 23.44 18.88 
Total sugar (inverted), g/l 1.59 2.06 1.22 
Reducing sugars, g/l 1.59 1.96 1.22 
Citric acid, g/l 72.70 776.80 426.30 
free sulfur dioxide, mg/l* 127.48 52.43 71.78 
total sulfur dioxide, mg/l* 200.12 117.53 124.66 
malvidine diglycoside, g/l: not present in white wines 

*values not corrected for the ascorbic acid addition at fermentation, 
which interferes in the analysis  
 
Since Cramposie is of a special interest for this 
region, for this variety 4 batches of wines were 
produced and, as seen in Table 2, as far as the 
physico-chemical characteristis are concerned, 
all the wines were in accordance to the 
specified parameters for this type of wine. 
Small differences were introduced by the usage 
of different oenological substances, the most 
important variation in parameters being related 
to the grape quality at harvest time (sugar 
content and total acidity - Table 1). 
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Table 4. Physico-chemical parameters of red wines 
obtained at Zimnicea (harvest 2011) 

Parameter and measurement unit 21-FN 36-CS 
Specific gravity, 20°C 0.9950 0.9949 
Density, 20°C 0.9932 0.9931 
Total alcohol, % v./v. 14.55 12.96 
Acquired alcohol, % v./v. 14.34 12.78 
Total acidity, g/l tartaric acid 4.83 3.97 
Volatile acidity, g/l acetic acid 0.57 0.73 
Total dry matter, g/l 35.00 30.30 
Reduced dry matter, g/l 31.35 27.20 
Total sugar (inverted), g/l 3.65 3.10 
Reducing sugars, g/l 2.01 2.20 
Citric acid, g/l 235.10 32.20 
free sulfur dioxide, mg/l* 28.97 38.16 
total sulfur dioxide, mg/l* 55.31 63.47 
malvidine diglycoside, g/l absent absent 

 
However, differences between the various 
samples of Cramposie produced at Zimnicea 
can be observed with more accurate and precise 
analyses involving the determination of the 
volatile profile.  
The electronic nose analyses for the 4 samples 
of Cramposie wines provided volatile profiles 
which were differentiated by the Discriminant 
Factor Analysis procedure. As seen in Fig. 1, 
the Cramposie wine variants were perfectly 
discriminated from each other.  
 

 
Fig. 1. DFA diagram for Cramposie variants produced 

in Zimnicea vineyards (harvest 2011) 
 

Fig. 2 allows us to also examine the sensors (in 
fact, the chromatographic peaks with specific 
their retention times and column) which 
contributed to the discriminant factors DF1 and 
DF2 and thus to the discrimination of the 
samples. It indicates that most of the 
differences among the wines were due to a 
relatively high number of substances which are 
collectively taken into consideration in the 
discriminant factor DF1 – responsible for 
representing 91% of the statistical variability of 
the initial data set. A smaller number of 
substances contributed to the derivation of 

discriminant factor DF2, responsible for only 
6.81% of the statistical variability in the initial 
data set. 

 
Fig. 2. DFA diagram and differentiating sensors 

indicating the discrimination by electronic nose of 
samples of Cramposie variants produced at Zimnicea 

vineyards (harvest 2011) 
 
In order to compare the Cramposie wine 
variants with the other wine samples produced 
in the same terroir, we re-analysed the results 
from the electronic nose, this time including in 
the discrimination analyses the other varieties. 
First, the analysis of the Cramposie samples 
was performed in the presence of the volatile 
profile results for Italian Riesling, the variety 
with the most neutral volatile profile among the 
other varietis. As seen in Fig. 3, the samples 
were all well discriminated by the electronic 
nose, the differences between Italian Riesling 
and Cramposie being clear, but also the 
differences between Cramposie samples with 
different aromatic profile being also apparent. 
By introducing a new variety into the analysis, 
the differences perceived by the electronic nose 
between the Cramposie samples became 
smaller, these being grouped closer together. 
The discriminant factors were dependent of 
more sensors, distributed more equally in both 
factors DF1 (68%) and DF2 (21.44%), in 
contrast with the case when the Cramposie 
samples were analyzed alone. 
When we also introduced into analysis the 
Chardonnay samples (Fig. 4), the differences 
between varieties became more important 
(DF1=54.49%, DF2=35.72%), while the 
differences between the variants based on the 
Cramposie variety lessened. We can see in Fig. 
4 that the most similar variants were those of 
Cramposie 6a-Cr and 6b-Cr, which were 
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actually repetition samples made with the same 
raw materials and treatments. 

 
Fig. 3. DFA diagram for Cramposie and Italian Riesling 
variants produced at Zimnicea vineyards (harvest 2011) 

 
Fig. 4. DFA diagram for Cramposie, Italian Riesling and 

Chardonnay variants produced at Zimnicea vineyards 
(harvest 2011) 

 
The other white wine variety vinified in this 
terroir, Sauvignon blanc, was a variety with a 
completely different aromatic profile, based on 
chemical compounds from the class of 
methoxypyrazines [1, 2, 12, 14, 17] more 
related to Cabernet Sauvignon [3, 8, 11, 14, 15, 
21] than to the other white wine varieties. For 
this reason, when this variety too was taken into 
account in the analysis, changes were seen in 
the distribution of wine samples in the DFA 
diagram (Fig. 5).   
Introducing the red wine samples into the 
analysis, we can see that the wine samples were 
still very well discriminated by the electronic 
nose, obviously not according to the wine 
colour, but in accordance with the differences 
in the volatile profiles, which differentiated 
three groups as follows: the low aromatic wines 
(6a-Cr, 6b-Cr, 9-Cr, 11-Cr, 20-RI and 1-Ch), 
the red wines with non-pyrazine aroma (21-

FN), and the group of wines with pyrazine 
aroma (15-Sb and 36-CS). 
 

 
Fig. 5. DFA diagram for Cramposie, Italian Riesling 

Chardonnay and Sauvignon blanc variants produced at 
Zimnicea vineyards (harvest 2011) 

 
The distances between the aromatic profile of 
Sauvignon blanc and the other varieties can be 
easily seen in Fig. 6, the calculated 
discrimination index, 58, being very good. 
Aside of this variety, all variants of Cramposie, 
as well as the Italian Riesling and Chardonnay, 
had a close volatile profile in this terroir.   
 

 
Fig. 6. Distance in odor units of the Sauvignon blanc 

from Cramposie and the other white wines  
produced in the terroir of Zimnicea (harvest 2011) 

 
The potential of the Zimnicea region for the 
production of quality wines, with special regard 
to the local variety Cramposie, was also 
assessed during an international wine contest. 
The samples evaluated ranked high on a scale 
from 1 to 100, being awarded a total score 
between 77.13 and 85.88 points  (Table 5).  
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Fig. 7. DFA diagram for red and white wine variants 

produced at Zimnicea vineyards (harvest 2011). Three 
groups of wines are differentiated: the low aromatic 

wines (6a-Cr, 6b-Cr, 9-Cr, 11-Cr, 20-RI and 1-Ch), the 
red wines with non-pyrazine aroma (21-FN), and the 

group of wines with pyrazine aroma (15-Sb and 36-CS) 
 

Table 5. Scores and awards obtained by the Zimnicea 
wines, harvest 2011 at the International Wine Contest 

Chisinau 2012 
Variant Code in the 

contest 
Points out 

of 100 
Award 

6a-Cr WW 42 84.00 Silver medal 
6b-Cr WW 43 82.88 Silver medal 
9-Cr WW 44 84.50 Silver medal 
11-Cr WW 45 85.88 Silver medal 
1-Ch WW 41 75.88 No award 
15-Sb WW 46 77.13 No award 
20-RI WW 47 80.50 No award 
21-FN RW 51 79.56 No award 
36-CS Not sent to this winecontest 

 
All the Cramposie variants produced received 
scores above 82 (the lower limit for a silver 
medal), which placed them among the best 30% 
of the wine samples evaluated during that 
contest.  
All the Cramposie variants were accordingly 
awarded silver medals [22, 24], confirming that 
the terroir of Zimnicea is very suitable for the 
production of high quality wines from this local 
variety. 
 
CONCLUSIONS 
 
Zimnicea, a region where wine production 
under the protected Geographical Indication 
“Terasele Dunarii’ started in 2011, proves to be 
very suitable for the quality wine production. 
Among the wine grape varieties, the oldest one 
cultivated here is the Cramposie variety. 
Although previously used mostly for 
consumption as fresh fruit, it seems to be the 
most suitable and successful for quality wine 
production in the region. Even form the first 

year of varietal wine production in Zimnicea, 
four samples of Cramposie were appreciated in 
an international wine contest with very strict 
evaluation rules and were awarded silver 
medals for their quality. All the four wines 
were equally appreciated by the experts, 
scoring between 82.88 and 85.88 points, even 
though they were produced with different 
selected yeasts. 
It is logical to conclude that the high scores 
obtained by these wines were due to the quality 
of the grapes obtained in this region.  The 
quality of wines depends on the quality of the 
raw material, including the characteristics 
imposed by the terroir, and for the case of the 
Cramposie cultivated at Zimnicea in 2011, the 
final wine traits were only little influenced by 
the oenological substances used during the 
winemaking process.  
The varietal character of Cramposie was also 
revealed by the electronic nose. When 
compared to the other varietal wines of the 
region, all the Cramposie wine variants 
analyzed with the electronic nose showed 
similar aromatic profiles, irrespective of the 
yeast or of other oenological substance used 
during winemaking. The group of Cramposie 
wine was clearly differentiated from the 
Sauvignon blanc, Cabernet sauvignon or 
Feteasca neagra obtained in the same region. 
These facts show that the influence of the 
variety, completed by the effect of the terroir, is 
altogether more important in wine 
differentiation than the applied winemaking 
technology.  
The effect of yeast strain inoculated for 
fermentation was also apparent, but the 
discrimination between samples was achieved 
only when a precision apparatus such as the 
electronic nose was used. When compared only 
to each other, the Cramposie wines produced at 
Zimnicea with various yeast strains showed 
significant differences, the electronic nose 
discriminating these variants and including 
them in groups based on some different 
chromatographic peaks. The type of differences 
induced by the yeasts used for inoculation or 
co-inoculation was not investigated in this 
study, although it is obvious that the varietal 
wine quality is also dependent on technological 
changes and can be further improved by the 
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proper selection of oenological substances used 
for winemaking. In the next years, this study 
will be continued, in order to further assess the 
influence of yeast strains on the quality of 
Cramposie, in hope to establish the most 
successful technology for this variety in the 
Zimnicea region.  
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Abstract 
 
The apple, pear, plum and cherries breeding program was started at the Research Institute for Fruit Growing, Pitesti, 
in 1967, with the constant main goal to release new varieties of superior characteristics than the al,ready existing ones. 
During this period of time, specific objectives have been established for each particular species according to their 
agrobiological particularities and technological progress, increasing the available genefund and knowledge 
accumulation. This article presents a synthesized overview of the objectives and breeding activities developed in the last 
years, which afforded registration of new cultivars. In addition, it provides the description of their main biological 
characteristics and technological particularities. 
 
Key words: new cultivars, apple, pear, plum, cherries. 
 
INTRODUCTION 
 
According to the specific breeding objectives 
for each particular species, over the last decade, 
new varieties have been released, with superior 
characteristics than the already existing ones in 
the commercial Romanian fruit growing, as a 
result of constant selection and evaluation of 
apple, pear, plum and cherries performed at the 
Research Institute for Fruit Growing, Pitesti. 
This article presents a synthesized overview of 
the objectives and breeding activities developed 
over the last years at the institute, as well as 
some of the most recently released cultivars. 
 
MATERIAL AND METHOD  
 
Over the last years, the sour cherry varieties 
have been researched for according to the 
specific characteristics of each fruit species, 
specific breeding objectives as fruit quality 
(taste, firmness, juiciness, commercial 
appearance), combination of functionally 
different major resistance genes to scab 
(Venturia inaequalis), tolerance to powdery 
mildew (Podosphaera leucotricha), storage 
maintaining and shelf life extension for apple; 
resistance to fire blight (Erwinia amylovora), 
tolerance to Psylla sp., late ripening, fruit 
quality and high yielding for pear; early or late 

fruit ripening, high yielding, high fruit quality 
for the fresh market or processing (drying, 
compotes, jams), spur fruiting, tolerance to 
PPV (Plum Pox Virus) and self fertility for 
plum; extension of harvesting season (early and 
late ripening cultivars), tolerance to leaf spot 
(Blumeriella jaapii) and brown rot, high 
productivity, fruit quality and cracking 
resistance for sweet cherry; self fertility, red 
colored fruit (skin, flesh, juice), tolerance to 
leaf spot and brown rot, upright or spreading 
tree habit, small and spherical stone shape and 
high yielding capacity [1, 2, 3, 4, 5].  
The annual breeding activity consisted in seven 
cross pollinations, about 3,500 blossoms 
pollinated by conventional methods, 1,000 
seedlings, first evaluation of 8,000 seedlings, 
second evaluation of 50 selections for apple; 5 
cross pollinations, 2,000 blossoms pollination, 
400 seedlings, first evaluation of 1,500 
seedlings, second evaluation of 20 selections 
for pear; 20 cross pollinations, 4,000 flowers 
pollination, 400 seedlings, first evaluation of 
5,000 seedlings, second evaluation of 60 
selections for plum; 10 cross pollinations, 8,000 
flowers pollination, 200-500 seedlings, first 
evaluation of 3,000 seedlings, second 
evaluation of 40 selections for sweet cherry; 10 
cross pollinations, 9,000 flowers pollination, 
600-1,000 seedlings, first evaluation of 4,500 
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seedlings, second evaluation of 40 selections 
for sour cherry.  
For each species, the main varieties used as 
genitors in cross combination, in relationship 
with breeding objectives, are showed in tables 
1, 2, 3, 4 and 5 [6]. 
 

Table 1. Genitors used in the apple breeding 
Fruit 

quality 
Resistance 

to scab 
Resistance to 
Podosphaera 
leucotricha 

Storage 
maintaining 
and shelf life 

extension 
Jonathan 
Golden 
Delicious 
Gala 
Idared 
Frumos de 
Voinesti 
Falstaff 
Pinova 
Rebra 

Prima 
Florina 
Pionier 
Romus 4 
Rebra 
Ariwa 
Ariane 
Malus 
floribunda 
821 
Malus kaido 
Malus 
robusta 
MAL 59/9 

Malus robusta 
MAL 59/9 
Malus zumi 
Malus kaido 
White Angel 

Delicios de 
Voinesti 
Idared 
Wagener 
Granny Smith 
Goldrush 
Enterprise 

 
Table 2. Genitors used in the pear breeding 

Resistance 
to Erwinia 
amylovora 

Tolerance 
to Psylla sp. 

Fruit 
quality 

Late 
ripening 
and self 

life 

High 
productivity 

Pyrus 
serotina 
Kieffer 
seedling 
H 20-5-70 
Pitesti 
Euras 

Honeysweet 
Imperiale 
Severianka 
Tse Li 
Chang Pa 
Li 

Beurre 
Bosc 
Beurre 
Hardy 
Williams 
Abate 
Fetel 
Monica 
Argessis 

Passe 
Crassane 
Comptesse 
de Paris 
Cure 
Doyenne 
d’hiver 
Euras 

Napoca 
Haydeea 
Abate Fetel 
Packham’s 
Triumph 

 
Table 3. Genitors used in the plum breeding 

Tolerance 
to PPV 

High 
yield 

Good 
quality 

Diferent 
ripening time 

Self 
fertility 

Grase de 
Becz 
Boambe de 
Leordeni 
Ontario 
Wilhelmina 
Spath 

Stanley 
Anna 
Spath 
Grase 
de 
Becz 

Tuleu gras 
Centenar 
Ontario 
Vision 

Earlyness 
Early Rivers 
Ruth Gerstetter 
Diana 
Ialomita 
Lateness 
Anna Spath 
Vinete romanesti 
Valor 
President 

Stanley 
Anna 
Spath 
Ialomita 
Cacanska 
Lepotica 

 
Table 4. Genitors used in the sweet cherry breeding 

Harvesting 
season 

extension 

Self 
fertility Fruit quality 

Tolerance to 
leaf spot and 

brown rot 

Improving 
fruit 

cracking 
resistance 

Low 
vigour 

High 
yield 

Big. Burlat 
Early 
Rivers 
Spectral 
Sublim 
Sam 
Skeena 
Kordia 
George 
Hudson 

Stella 
Newstar 
Sunburst 
Lapins 
Maria 

Summit 
Ring 
Hedelfinger 
Germersdorf 
Van 
Superb 
Ulster 

Viscount 
Gedelfinger 
Big. 
Napoleon 

Kristin 
Kordia 
Lapins 
Early 
Rivers 

Cerna 
Van 
compact 
Stella 
compact 
Lambert 
compat 

Daria 
Van 
Superb 
Kristin 
 

Table 5. Genitors used in the sour cherry breeding 
Self fertility Red colored 

fruit 
Tolerance to 
leaf spot and 

brown rot fruit 

Upright or 
spreading tree 

habit 

High 
yielding 
capacity 

Schattenmorelle 
Nana 
Oblacinska 
Vladimirskaia 
 

Heimans 
Rubin 
Rival 
Schatten 
morelle 
Sumadinka 

Spanka 
Griot 
Moscovski 
Anglaise Hative 
Mari timpuri 
Northstar 

Heimanns 
Konserven 
Erdi Nogy 
Tarina 
Anglaise Hative
Eugenia 
Montmorency 

Schatten 
morelle 
Spaniole 
Oblacinska 
Nana 
Sumadinka 
Ilva 
Ludwigs 
fruhe 

 
RESULTS AND DISCUSSIONS 
 
During the last eight years, five new apple 
varieties, four pear, three plum, four sweet 
cherry and two sour cherry have been 
registered, as shown below. 
Apple [1, 2] 
NlCOL, columnar scab field resistant variety 
with mid sized (138 g) red coloured fruit; good 
testing quality (flesh is moderately firm, juicy, 
fine texture of yellowish colour); harvesting 
season is in the first decade of September (can 
be stored until January); low tree vigor; was 
released in 2005, from a Mc. Intosh Wijcik x 
Pionier cross combination.   
COLMAR, columnar scab field resistant 
variety with mid sized (135 g) red skin fruit; 
good testing quality; storage until January; low 
tree vigor; was released in 2006, from a Mc. 
Intosh Wijcik x  Florina cross combination.  
COLONADE, columnar scab field resistant 
variety with large (150 g) red skin coloured 
fruit; good testing quality; low tree vigor; 
harvesting season in the second decade of 
September (storage till January); was released 
in 2007, from a Florina x Mc. Intosh Wijcik 
cross combination.  
RUSTIC, field tolerant to scab and powdery 
mildew variety with attractive, mid sized (130-
160 g) fruit; spherical, slight flat shape; green 
coloured skin covered by red on the sunny side; 
white flesh, juicy, crispy and good eating 
qualities; harvesting time in the late September 
(can be stored till March); was released in 
2008, from a Florina x Pionier cross 
combination.  
REBRA, scab tolerant variety with mid sized 
(145-160 g) fruit; green coloured skin covered 
by red on the sunny side;  good taste; 
harvesting season in the first decade of 
September (can be stored till February); was 
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released in 2003, from a Prima x Florina cross 
combination. 
Pear [1, 2, 5] 
PARAMIS, winter maturing variety with tree of 
a mid vigour and good grafting affinity with 
Quince A rootstock; comes into bearing in the 
3rd year after planting; medium to large sized 
(180-200 g) fruit, globulous-conic shaped, 
yellowish-green skin coloured; white buttery 
flesh; good taste; harvesting season in the end 
of September (can be stored till January); was 
released in 2008, from a Monica x Passe 
Crassane cross combination. 
PARADOX, variety of a medium tolerance to 
fire blight and Psylla sp. with medium sized 
(160 g) fruit; yellowish skin; white, crisp, juicy 
flesh; good flavor; harvesting season in the end 
of September (can be stored till February); was 
released in 2009, from a Monica x Pastravioare 
cross combination. 
PARADISE, tolerant to fire blight and Psylla 
sp. variety with attractive, mid sized (130-150 
g) red skin coloured fruit and white, juicy flesh; 
harvesting season in the end of September (can 
be stored till January); wasreleased in 2010, 
from H 26-67-76 P x Pastravioare cross 
combination. 
ISADORA, winter maturing variety, tolerant to 
Psylla sp., mid sized (120 g), yellowish-green 
skin coloured, white, crisp flesh; harvesting 
season in the first decade of October (can be 
stored till April); was released in 2012, from 
Haydeea x Tse Li cross combination. 
Plum [1, 2 ,4] 
ROMAN, tolerant to PPV variety with ripening 
season in the first decade of August; large fruit 
(65 g) for fresh market use; ovoid shape; 
reddish-blue skin colour; yellow flesh; sweet – 
acid taste; semi clingstone; mid vigor tree; rare 
pyramidal canopy; was released in 2004, from a 
Tuleu Gras x Early Rivers cross combination. 
AGENT, tolerant to PPV variety with ripening 
season in the end of August; mid sized fruit (35 
g) for fresh market and for desiccation uses; 
spherical-oval shape; reddish-freckled skin 
colour; yellowish, sweet slightly astringent 
taste flesh; small free stone; mid vigor tree; was 
released in 2004, from an individual positive 
selection in a seedlings population obtained by 
open pollination.  

ROMANTA, tolerant to PPV variety with 
ripening season in the early August; large fruit 
(62 g) for fresh market use; ovoid shaped; dark 
blue skin colour; yellowish flesh; sweet-acid 
taste; free stone; mid vigor tree; was released in 
2012, from a Stanley x Valcean cross 
combination. 
Sweet Cherry [1, 2, 3] 
SUPERB, tolerant to leaf spot variety, for fresh 
market uses, with ripening season (in the 
middle of June); medium-large fruit size; 
cordate, smooth, symmetrical shape; shallow 
suture; firm, crisp in texture at optimum 
maturity; attractive purplish-red skin color and 
red flesh; good flavor and testing quality; semi 
freestone; medium stem length; vigorous, 
spreading tree’s growth habit; very productive; 
was released in 2004, from a Boambe de 
Cotnari x Thurn und Taxis cross combination.  
SUBLIM, tolerant to leaf spot, with early 
ripening season (in the end of May); medium 
fruit size; globosely to slightly oblate, smooth, 
symmetrical shape; firmness, crisp in texture, 
similar to Bigarreau Moreau; attractive purple 
skin color; red meaty flesh; subacid good eating 
quality; semi freestone; susceptible to rain 
cracking; vigorous, more upright than 
spreading tree’s growth habit; productive; was 
released in 2006, from a Muncheberger fruhe x 
Bigarreau Moreau cross combination.  
SPECTRAL, tolerant to leaf spot variety with 
very early ripening season (in the mid of May); 
medium fruit size; globosely to slightly oblate, 
smooth, symmetrical shape; firmness, crisp in 
texture, similar to Bigarreau Burlat; attractive 
purple color; red flesh; subacid good eating 
quality; semi freestone; short stem; susceptible 
to rain cracking; vigorous, spreading tree’s 
growth habit; was released in 2008, from a 
Muncheberger fruhe x Bigarreau Burlat cross 
combination. 
SPECIAL, valuable biotype of intensely 
specific bitter taste (still prevalent in the full 
maturity) cherry from the spontaneous flora, of 
mid season ripening time (second decade of 
June), moderate yielding, with  large fruits (22 
mm / 6g); kidney shape;); small, round, non-
adherent to the fruit pulp kernel (0.45g); black-
red skin, pulp and juice; firm and juicy pulp; 
high value of soluble solids (18 0Brix); 0.6% 
total acidity; 11.85% total glucides; 12.7 mg% 
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ascorbic acid; was registered as a crop variety 
in 2012, to be cultivated by the amateur fruit-
growers for domestic use or even for the 
commercial purpose of processing in the food 
industry as homeland product (jam and cherry 
alchoolic drink) with particularly aroma, sweet 
and bitter taste.  
Sour Cherry [1, 2] 
RIVAL, self fruitful variety with ripening 
season at the end of the second decade of June; 
medium fruit size; roundish-oblate shape; dark 
red skin color; red flesh; red juice; acid taste; 
good canning, jam and juice processing 
qualities; semi-clingstone; medium pit size; 
medium-long stem; medium vigorous, upright 
to spreading but not weeping tree growth habit; 
very good fruiting system with good 
differentiation of leaf buds; very high yielding; 
moderate leaf spot susceptibility and slight high 
to brown rot fungus; was released in 2004, from 
a Griot Moscovski x Nana cross combination.  
STELAR, partial self fruitful variety with early 
ripening season (in the first decade of June); 
large fruit size; roundish-oblate shape; dark red 
skin color; pink-red flesh; pink-red juice; sub-
acid taste; good processing quality for canning 
and jam; semi-clingstone; medium pit size; 
long stem; vigorous, upright tree’s growth 
habit; good bearing system; good 
differentiation of leaf buds; high yielding; 
moderate leaf spot susceptibility and slight light 
to brown rot fungus; was released in 2008, from 
a Mocanesti 16 x Anglaise Hative cross 
combination.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 
 
During the last eight years, five new apple 
varieties, four pear, three plum, four sweet 
cherry and two sour cherry have been 
registered, as presented below. 
 
ACKNOWLEDGEMENTS 

 
This research work was carried out with the 
support of Academy of Agriculture and 
Forestry Sciences Bucharest (ASAS – UMPP) 
and also was financed from Project ADER 
119/2011.  
 
REFERENCES 
 
[1] Braniste N., Butac Madalina, 2006. Fondul de 
germoplasma la speciile pomicole, de arbusti fructiferi si 
capsun din colectiile din Romania. Ed. Pamantul, Pitesti, 
Romania. 
[2] Braniste N., Budan S., Butac Madalina, Militaru 
Madalina, 2007. Soiuri de pomi, arbusti fructiferi si 
capsuni create in Romania. Ed. Paralela 45, Pitesti, 
Romania. 
[3] Budan S., Gradinariu G., 2000. Ciresul. Ed. Ion 
Ionescu de la Brad, Iasi, Romania. 
[4] Butac M., 2010. Ameliorarea prunului. Ed. 
Universit tii din Pitesti, Romania. 
[5] Militaru M., Braniste N., Sestras A., Andries N., 
2010. Ameliorarea soiurilor de pere – realiz ri si 
perspective. Ed. Universit tii din Pitesti, Romania. 
[6] Paltineanu Cr., 2008. Pomicultura durabila: de la 
genotip la protectia mediului si sanatatea umana. WP 1 – 
Genetica pomicola. Ed. Estfalia, Bucuresti, Romania. 
 
 

96



 
STATE AND PERSPECTIVES OF RASPBERRY PRODUCTION IN 
BULGARIA 
 
Denitsa D. DOMOZETOVA 
 
University of Forestry, 10 “Kliment Ohridski” Blvd, 1756 Sofia, Bulgaria.  
 
Corresponding author e-mail: ddomozetova@abv.bg 
 
Abstract 
 
Raspberry has become a profitable fruit species for many areas in Bulgaria, owing to the suitable soil and climatic 
conditions for cultivation. The interest in raspberry has increased with the new economic conditions. Raspberry is the 
first species that has found a place as competitive crop on the foreign market. Although new plantations are created 
every year, yielding ones vary widely (18 440 da/1990, 10 000 da/2000 and 16 990 da/2010 years) and the resulting 
yields are far below the varietal potentiality (226 kg/da, 1990, 300 kg/da in 2000, and 360 kg/da 2010). However, many 
mistakes are made - inappropriate habitats, planting material, failure to fulfil the basic requirements, usage of varieties 
unsuitable for our specific conditions, lack of knowledge and implementation of the technology for creating and 
growing raspberry plants. 
Recently, there has been a consistent trend of applying high yielded varieties and modern technologies to fruit 
production, which will lead to high quality yields. 
 
Key words: raspberry, production, varieties 
 
INTRODUCTION 
 
The interest in the wide distribution of 
raspberry has increased owing o its valuable 
economic and biological properties: plasticity; 
precocity; primo-cane fruiting; fruit with high 
nutritional and medicinal properties, with 
proven high antioxidant effect; high demand on 
the market in fresh, frozen and processed form; 
capital investments with quick returns, greater 
economic efficiency [6,7]. 
More than 40 years in small fruit species, 
including raspberry, have resulted in a built 
scheme aimed to produce high quality, 
authentic and certified planting material free 
from viruses, mycoplasma and other diseases 
[4]. 
 
MATERIALS AND METHODS 
 
Raspberry production analysis was performed 
in several parts of Bulgaria for the period 2000-
2010, in order to characterize the most suitable 
areas for growing raspberry; the analysis 
included the harvested area (ha), average yield 
(kg/ha) and production of raspberry fruit (t), 
and raspberry fruit processing (tons). 

The material under analysis consisted of the 
most commonly grown raspberry cultivars in 
the country. 
The data collected from the Agrostatistics 
Department of the Ministry of Agriculture and 
Food and the FAOSTAT were statistically 
processed and indicated the status of raspberry 
production in Bulgaria. 
The analyzed period in this study was 1961-
2010, preceded by a brief introduction on the 
beginning of raspberry growing in Bulgaria. 
 
RESULTS AND DISCUSSIONS 
 
In the past, raspberry fruit were picked from 
natural places  in our country [2, 7, 8, 9]. 
Berkovitsa laid the foundation of semi-industry 
production of syrup, liquor and wine from wild 
berries in 1865, being awarded medals at 
exhibitions in France (1905, 1907) and England 
(1907).  
The first raspberry varieties in Bulgaria were 
imported from Stribarni in 1887 [2, 7, 9]. 
In 1933-1934, the Ministry of Agriculture 
imported planting material from the following 
varieties: Marlborough, L. George, Preussen, 
Superlativ and others. This was the first impulse 
of raspberry culture development. 
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Introduced in 1940, the variety Newbourgh 
contributed to its confirmation; however, by the 
end of World War II, raspberry had little 
economic importance and recreational nature of 
farming. 
The beginning of industrial raspberry 
cultivation was marked in 1955. 
During 1955-1965, raspberry was imposed as a 
profitable fruit species with economic 
efficiency for the mountainous and hilly areas 
(Stara Zagora, West, Northwest and Rodopi 
region), as well as some hills and habitats [1, 3, 
14]. The successful breeding activity in 
Bulgaria contributed for the expansion; 
consequenlyl, the cultivar structure was 
enriched with the first Bulgarian varieties – 
Bulgarski rubin and Kostinbrodska raspberry. 

The period 1971-1975 recorded a boom period 
for this type of fruit. New varieties - Shopska 
alena and Iskra - became successful addition to 
the first two. The variety structure and 
production developed mainly from the 
Bulgarian varieties [3, 4, 5, 6, 10, 11, 13, 14, 
15].  
Growing raspberry had an intense character – in 
1971, 4 493 ha and 14 411 t produced fruit (Fig. 
1 and 2), [8]. This put Bulgaria first in Europe 
in the area, and first in the world in 
concentration of raspberry in one place - the 
Troyan area, 547 ha; Lovech region, 326.5 ha, 
Shopska alena, Bulgarski rubin, Teteven region, 
328.5 ha, mainly Iskra; Isperih - 350 ha, 
Shopska alena. However, the average yield was 
low, since they did not use fully varietal 
underlying biological features of high yielding. 

 

 
Fig. 1. Harvested raspberry area (ha) -(1961-2010) 

M = Million, K = Thousand; Source: FAOSTAT 
 

 
Fig. 2. Raspberry production (tonnes) -(1961-2010) 

M = Million, K = Thousand; Source: FAOSTAT 
 

Since 1980, there was a decline. Production and 
mean yields varied widely. In 1996, the 
production from 1200 ha recorded 2500 t and 
the average yield was very low, i.e. 125 kg/ha 
(Fig. 3). This was not the result of the variety 
structure, planting material and lack of 
technology for creating and growing new 
plantations. 

Decline in production was observed before 
1990, despite the application of good 
agrotechnic practices, leading to low and 
unstable yields - 230-500 not kg/ ha - in much 
greater variety potentials (1500-2000 kg /ha) 
and inefficient organization of production. 
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Fig. 3. Raspberry yield (Kg/Ha) (1961 - 2010) 

M = Million, K = Thousand; Source: FAOSTAT 
 
Since 2000 until now, a revival of raspberry 
production has been recorded, owing to the 
variety structure, the scheme for the production 
of healthy and authentic planting material and 
technology for crop creation and growth for the 
production of planting material and fruit. For the 
period 2001-2010, the largest harvested areas 

were 1699 ha in 2010, and the smallest 773 
ha in 2001, which shows the growing interest 
in raspberry culture (Table 1) [14]. The 
largest areas grown with raspberries are 
located in the Northeast region - 530 ha in 
2010 - and the smallest - 122 ha - in the 
Southeastern.  

 
Table 1. Areas harvested with raspberries (ha) 

Regions/Years  2001 2002 2003 2004 2005 2006 2008 2009 2010 
Northwest 80 48 77 75 109 105 228 156 260 
North center  327 309 307 262 189 211 79 70 126 
Northeast 266 514 356 348 460 483 231 223 530 
Southeast 24 12 14 14 11 10 40 58 122 
Southwest 36 54 276 75 152 354 215 208 254 
South center 40 32 79 274 261 201 241 217 407 
Bulgaria 773 969 1109 1048 1182 1364 1034 932 1699 

Source: Ministry of Agriculture and Food, Agrostatistics Department, Survey of the structure of 
fruit species and fruit production in Bulgaria for 2001-2010. 

 
The highest average yield in the country for the 
period 2000-2010 was obtained in 2004, 5349 

kg/ha, and the lowest for the period was 
recorded in 2008, 3424 kg/ha (Table 2).

 
Table 2. Average yields (kg/ha) 

Regions/Years  2001 2002 2003 2004 2005 2006 2008 2009 2010 
Northwest 1985 5 574 3181 6164 3535 2679 2392 3175 2663 
North center  3733 3 495 2162 4851 2241 3700 4216 5710 4776 
Northeast 4916 4 286 4459 4914 3317 4598 2780 3970 3092 
Southeast 1420 5 111 3658 2444 3434 3958 3703 2031 2529 
Southwest 6508 3 764 2012 4357 3326 4093 3678 4174 3480 
South center 4759 1 054 4986 6571 3895 4598 4487 3437 4881 
Bulgaria 4071 3 908 3680 5349 3295 4228 3424 3768 3598 
Source: Ministry of Agriculture and Food, Agrostatistics Department, Survey of the structure of 
fruit species and fruit production in Bulgaria for 2001-2010. 

 
During the period 2001-2010, the lowes 
quantity of raspberry fruit were obtained in 
2001, 3147 t, and the highest in  2010, 6109 t 
(Table 3).  
In 2001, the most commonly grown raspberry 
varieties (% of farms) were Lyulin 45% 

Bulgarski rubin 20 %, Willamette 15% and 
12% Shopska alena [14]. Owing to the export of 
raspberry fruit and demand on the international 
market, these variety structures were 
complemented with Heritage, small amounts of 
Tulameen and Meker which still had a very 
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small percentage of production. The main 
varieties are Bulgarian, which are most suitable 
for our specific climatic conditions. Raspberry 
fruit are perishable, which requires them to be 
frozen or processed into juices, jams, etc. In 

2010, there were 36 processing companies and 
3670 t raspberry fruit were processed, i.e. 7% of 
total produced fruit for the country that year 
(Table 4).  

 
Table 3. Production of raspberry fruit (t) 

Regions/Years  2001 2002 2003 2004 2005 2006 2008 2009 2010 
Northwest 158 395 244 465 387 282 546 494 694 
North center  1220 1 081 664 1272 424 780 331 401 599 
Northeast 1308 2 204 1587 1707 1527 2214 642 885 1637 
Southeast 35 59 51 33 36 39 150 118 307 
Southwest 236 64 160 329 506 824 790 867 884 
South center 190 135 1377 1800 1017 1627 1081 745 1988 
Bulgaria 3147 3 938 4083 5606 3897 5766 3540 3510 6109 
Source: Ministry of Agriculture and Food, Agrostatistics Department, Survey of the structure of 
fruit species and fruit production in Bulgaria for 2001-2010.

Table 4. Processing of raspberry fruit (thousands tons) 
  2001 2003 2004 2005 2006 2007 2008 2009 2010 
Number of companies 31 29 37 34 42 35 38 37 36 
Produced by processor  0.27 0.38 0.81 0.72 0.54 s 0.42 0.40 s 
Export 0.00 0.00 s - - - - - 2.94 
Bought directly from producer 0.70 1.68 1.76 1.80 1.43 1.2 2.36 2.36 0.32 
Delivered by trader 0.03 0.18 0.51 0.81 0.68 0.71 0.36 0.32 0.26 
Processed to order 0.53 0.11 0.43 0.23 0.24 s 0.06 0.24 0.26 
Total quantity  1.53 2.35 3.50 3.56 2.89 2.43 3.19 3.31 3.67 
Total quantity (%) 2.5 % 2 % 4 % 6 % 5 % 3 % 5 % 8 % 7 % 
s-statistical secret 
Source: Ministry of Agriculture and Food, Agrostatistics Department, Activity of Enterprises 
Processing fruits and vegetables in Bulgaria for 2001, 2003-2010. 

 
The export of raspberry fruit was highest in 
1981, 4002t for 3 700 000 US$. Subsequently, 
it decreased, reaching almost zero in 2008; 

afterwards, it began to rise, i.e. 1384 t for 5473 
000 US$, respectively (Fig. 4 and 5). 

 
Fig.4. Raspberry Export Quantity (tonnes) (1961-2010) 

M = Million, K = Thousand; Source: FAOSTAT 
 
As exports began to rise in recent years, 
imports marked an increase in levels, i.e. from 
3 t for 6 000 US$ in 2006to 233 t, 891 000 
US$ in 2009 (Fig. 6 and 7 ). 

Raspberry producer prices in Bulgaria also 
increased, in 2008 and 2009 recording the 
highest levels, i.e. 2 778.40 and 2675.70 USD 
(Fig. 8). They again showed the prospects of 
raspberry production in Bulgaria. 
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Fig.5. Raspberry Export Value (1000 US$) (1961-2010) 

M = Million, K = Thousand 
Source: FAOSTAT 
 
 

 
Fig. 6. Raspberry Import Quantity (tonnes) (1961-2010) 

M = Million, K = Thousand; Source: FAOSTAT 
 

 
Fig. 7. Raspberry Import Value (1000 US$) (1961-2010) 

M = Million, K = Thousand; Source: FAOSTAT 
 

 
Fig. 8. Producer price in Bulgaria (USD) (1991-2009) 

M = Million, K = Thousand; Source: FAOSTAT 
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CONCLUSIONS 
 
The interest in raspberry growing has increased 
because it is a profitable fruit species in Bulgaria, 
owing to the suitable soil and climatic conditions 
for cultivation.  
For the period 2001-2010, the largest harvested 
areas were 1699 ha in 2010, and the smallest, 773 
ha, in 2001, which shows the growing interest in 
raspberry culture. The received fruit production 
meets the demands of the domestic market and is 
focused mainly on the foreign market.  
There is a steady trend for the use of high-yielded 
varieties and the application of modern 
technologies in raspberry fruit production, which 
will lead to the production of high-quality yields. 
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Abstract 
  
The present work was carried out to improve the quality and the shelf-life of Siwi date fruit during storage time using 
irradiation and heat treatments, and investigate the effect of these treatments on the physical and chemical properties of 
the Siwi date fruit. Results showed that control dates samples (without treatments) contained 18.74% moisture, 1.72% 
crude protein, 1.21% fat, 2.62% crude fiber and 2.05% ash while in the irradiated date samples, the average percent 
contents were 17.65 moisture, 1.65 crued protein, 1.19 fats, 2.58 fibers and 1.97% ash. On the other hand, the results 
showed that the date fruit treated with heat had 19.48% moisture, 1.61% protein, 1.140% fat, 2.55% fiber and 1.99% 
ash. The results indicated that the moisture content of the control date samples decreased from 18.74 to 11.35% over a 
9-month of storage while it decreased from 19.48 to 12.68% and from 17.65 to 11.82 over 9-months of storage for the 
heat treatment and irradiated samples, respectively. The results also showed that, during the storage period (9-months), 
the protein contents decreased from 1.72 to 0.80% for control; from 1.61 to 0.782% for heat treated samples and from 
1. 65 to 0.80% for irradiated samples. In our study, all essential and non-essential amino acids increased sharply after 
the heat and irradiation treatments, compared with the control samples. The most affected amino acid appeared to be 
Aspartic acid, Glutamic acid, Serine and Tyrosine. The results demonstrated that the heat treatment samples had lower 
Valine content than the control and the irradiated sample. These results suggest that irradiation of Siwi date fruit at 
doses up to 1kGy could be used as alternative method for improving fruit quality, as well as prolonging the marketable 
period of date fruit.  

  
Key words, heat treatments, irradiation, Siwi date fruit, shelf-life. 
 
INTRODUCTION 
 
Date palm (Phoenix dactylifera L.) is one of the 
most important plants of the arid desert area of 
the Middle East, Southern Asia and Northern 
Africa for over 5000 years. Date fruit is a rich 
source of carbohydrates comprising mainly of 
sugars. Most of the carbohydrates in dates are 
in the form of fructose and glucose, which are 
easily absorbed by the human body [4, 37]. The 
good nutritional value of dates is also based on 
their dietary fiber content, which makes them 
suitable for the preparation of fiber-based foods 
and dietary supplements, making them one of 
the most nourishing natural foods available to 
the man. Dates are also a good source of 
vitamins and macro elements like phosphorous, 
iron, potassium and a significant amount of 
calcium [2, 50]. 
Recent studies indicate that the aqueous 
extracts of dates have potent antioxidant and 
antimutagenic activity [33, 56]. The antioxidant 

activity is attributed to the wide range of 
phenolic compounds in dates including p-
coumaric, ferulic, and sinapic acids, flavonoids, 
and procyanidins [48, 21]. Epidemiological 
studies have consistently shown that high fruit 
and vegetable consumption is associated with a 
reduced risk of several chronic diseases such as 
coronary heart disease (CHD), cardiovascular 
disease, cancers, among others [15, 20, 29, 44, 
57]. This is attributed to the fact that these 
foods may provide an optimal mixture of 
phytochemicals such as dietary fiber, phenolics, 
natural antioxidants, and other bioactive 
compounds. The production of date fruits in the 
world is estimated at 6.7 million tones and the 
highest amount of date fruit production belongs 
to Egypt with 20% of the total world 
production [19].  
Dates are commonly stored for longer periods 
and thus are attacked by insects and other 
bacteria. Currently, dates are preserved by 
many methods such as low temperature steam 
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treatment, pasteurization, drying, fumigation, 
low temperature storage, and packing in 
vacuum or inert gas. The use of temperature 
higher than 60°C has an adverse effect on the 
color and flavor of this product. Methyl 
bromide is the main fumigant used; however, 
residual accumulation in the fumigated 
commodity might entail serious problems 
limiting the use of non-thermal methods allow 
the processing of foods at low temperatures, so 
flavors, essential nutrients, and vitamins 
undergo minimal or no changes. Irradiation is 
one of the safest and most economical way of 
food preservation. The other methods of 
preservation are too expensive and would need 
careful consideration [27, 38]. 
Irradiation is the process of treating food and 
other consumer products with gamma rays, x-
rays, or high voltage electrons in order to kill 
potential harmful bacteria and parasites, delay 
sprouting, and increase shelf life. The effects of 
ionizing radiation on the primary components 
of foods, including carbohydrates, lipids and 
proteins, as well as some important 
micronutrients (vitamins) have been 
investigated in many studies [55, 14, 53, 34] 
Recently, the effects of irradiation on chemical 
composition and shelf life of dates have been 
subject for some investigators [16, 10]. The aim 
of this study is to investigate the effects of heat 
and irradiation treatments on the quality 
properties and the shelf life of Siwi date fruit 
after treatment and during storage for nine 
months at room temperature. 
 
MATERIAL AND METHOD 
  
Materials and Chemicals 
Siwi date variety was procured from Fayoum 
governorate, Egypt, at the beginning of the 
2008 harvest season. Mature fruit at tamr stage 
of uniform size, free of physical damage and 
injury from insects and fungal infection, were 
selected and used for all experiments. All 
chemicals and solvents were obtained from 
Sigma–Aldrich Co. Ltd. (Dorset, UK), unless 
otherwise specified. 
Irradiation of date fruits 
Irradiation process was carried out at the 
National Center for Radiation Research and 

Technology (NCRRT); where the irradiation 
treatment was applied using 60Co facility 
"Egypt Mega Gamma-1" type J-6500 (Atomic 
Energy of Canada Limited. The applied dose 
was 1kGy delivered at a dose rate of 0.194 kGy 
per hour at the time of experimentation.  

 
Heat treatment of date 
Heat treatment was carried out in the laboratory 
by washing the date fruit with tap water and 
dried in hot air at 30°C, then the fruit were 
heated in the oven at 65°C for two hours. After 
the heat treatment, the fruit were cooled in air, 
packaged in white polyethylene packages and 
stored until further analysis.    

 
Physical measurements 
Twenty five fruit were selected randomly and 
each individual fruit, representing one replicate, 
was subjected to physical measurements. Fruit 
weight was recorded first and then fruit length 
was measured using a micrometer caliper. After 
pitting, the weight and length of the pits were 
measured as described above. Flesh weight 
percentage pits weight percentage and ther 
flesh / pits ratio was recorded.  

 
Chemical measurements 
Moisture content was determined by drying a 
suitable quantity of sample in a vacuum oven at 
70°C to a constant weight, reducing sugars, 
non-reducing sugars. Total sugars were 
determined and an 80% ethanol was extracted 
by the method of Lane and Eynon [1]. Ash was 
determined by digesting a suitable quantity of 
sample in a muffle furnace at 550°C to a 
constant weight [1]. Crude protein by kjeldahl 
nitrogen and the percentage of crude protein 
was estimated by multiplying the total nitrogen 
content by the factor 6.25, according to [1].  
Lipids were extracted from the sample using 
chloroform and methanol (2:1 v/v) and were 
dried over anhydrous sodium sulfate, while the 
solvent was removed by heating at 80°C under 
vacuum   according to [1]. Total soluble solids 
(TSS) were measured at 20°C by using the 
Abbe refractometer. The necessary corrections 
were made when measurements were carried 
out at temperatures other than 20°C [47]. 
Vitamin C was determined according to [11]. 
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Determination of total phenolic compound 
ate fruit (10g) were extracted with 50mL 
mixture of ethanol: water (80:20 V/V) for 24 
hours at 4°C in the dark. The supernatants were 
collected and the residues were re-extracted 
once more with another 40 mL of the extraction 
solution for further 24 hour at 4°C in the dark. 
The two supernatants were mixed and volume 
was adjusted to 100 mL of the extraction 
solution. 
The total phenolic compounds present in the 
fruits were spectrophotometrically determined 
by using modified Folin Ciocalteu method 
according to [49]. The results are expressed as 
Gallic acid equivalent on fresh weight basis, 
mg /100g [7], using standard curve for gallic 
acid. 

 
Determination of individual amino acids 
Individual amino acids of date samples were 
determined according to the method described 
by [43], using a Beckman amino acid analyzer 
model 7300. 
 
Microbiological analyses 
Samples for the microbiological tests were 
taken under aseptic condition. Fifty grams of 
date tissue (ground in sterilized mortar) were 
transferred to sterilized 500ml flask containing 
450 ml of sterilized distilled water. The 
samples were shaken for 5minutes and serial 
dilutions of 10-1 – 10-5 were prepared. One ml 
from each suitable dilution was transferred to 
sterilized Petri dishes in triplicates and poured 
plates were prepared using both the following 
media.  

 
Total Bacterial Counts 
Total Bacterial Counts were determined by 
using Proteose Peptone Agar medium as 
described in [42] which contained the 
following: 3g. Beef extract, 5g Sodium 
chloride, 5g. Peptone, 5 g. Proteose, 15-20 g. 
Agar, 1g. Dextrose, and pH 7.0. 
Yeast and molds counts 
Yeast and molds counts were determined by 
using malt. The Agar medium was used as 
described in [42] and it was composed of the 
following: 30g. Malt Extract, 15g. Agar. Before 

pouring the medium into the plates, it was 
acidified to pH 4 by using sterilized 10% lactic 
acid. 
 
Statistical analyses 
Data were statistically analyzed using the 
analysis of variance [52] and the differences 
among the means were determined for 
significance at 5% level by using the SAS 
computer program (SAS, 1982). 
 
RESULTS AND DISCUSSIONS 
 
Physical characteristics of Siwi date fruit 
Siwi date fruit at tamr stage were analyzed for 
their physical characteristics. Average weight 
of fruit, average weight of pit, percentage of 
flesh, and fruit length were determined (Table 
1). The physical properties of many date 
varieties grown in different countries were 
studied by a number of researchers [41, 51]. 
The physical measurements in the present study 
fell within the ranges reported by other 
researchers, with some exceptions. Variation in 
the physical properties of the same date variety 
grown in different regions can be attributed to 
several factors. [13] concluded that soil 
fertilization could affect weight, volume, 
diameter and length of Khudari date fruit. 
Chemical fertilization such as addition of 
nitrogen caused an increase in date fruit weight, 
length and diameter [24]. 
 
Table 1. Physical characteristics of Siwi date fruit 

Character Siwi date fruits 
Stage of maturity Tamr stage 
Weight of fruit (g) * 11.25±3.2 
Weight of flesh fruit(g) 9.76±0.76 
Weight of pit (g) 1.48±0.24 
Flesh (%) 86.87±1.86 
Pit (%) 13.18±0.57 
Flesh/pit ratio 6.59: 1 
Fruit length (cm) 3.67±0.24 

   * Average of 25 fruit 
 
Chemical composition of Siwi date fruits  
The knowledge of the qualitative and 
quantitative chemical composition of date fruit 
is of prime importance to the user of dates, 
because it affects the possibilities and 
limitations of the raw material for the intended 
endues. The results in Table 2 show the 
proximate analysis of Siwi date fruit in tamr 
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stage. Results showed that the moisture content 
of Siwi date was 18.74%. This result is in 
agreement with that reported by [45, 8, 30] and 
less than that obtained by [39].  

 
Table 2. Chemical composition of Siwi date fruit (% dry 
weight basis). 

Components Percentage (%) ± S.D. 
Moisture 18.74 ± 0.25 
Total solids 81.26 ±  0.56 
Total Sugars 79.23 ± 0.47 
Non-reducing Sugars 4.98 ± 0.15 
Reducing Sugars 74.25 ±0.68 
Ash 2.05 ± 0.04 
Crud Protein 1.72 ± 0.04 
Crud Fiber 2.62 ± 0.06 
Crud Lipids 1.21 ± 0.03 
Total phenolic (as gallic acid) 1.16 ± 0.42 
Vitamin (C) IU/100g 109.65 ± 1.35 

Data are mean ± S.D. of three replicates 
 
It was found that the moisture content of three 
date fruit variety native to Libya, namely 
Bekraray, Deglet-nour and Khathorri, were 
18.37, 19.41, and 21.92%, respectively [22].  
From the results, the reducing sugars could 
observed since it represented 93.71% of the 
total sugars at tamr stage. This increment in 
reducing sugars could be due to the effect of the 
invertase activity on the non-reducing sugars 
during ripening. These results were in 
agreement with these reported by [39, 46]. 
They reported that the total and reducing sugars 
of Siwi date at tamr stage ranged from 72.6–
78.27% and 60.5–79.08%, respectively.  
Results in Table 2 showed that the protein 
content of Siwi dates at tamr stage was 1.72% 
(on dry weight basis). This result was in 
agreement with those reported by [8, 3]. In 
another study, [22] found that the protein 
content of three date fruit varieties from Libya 
(Bekraray, Deglet-Nour and Khathori) ranged 
between 1.86 to 2.78%.  
[5] indicated that the protein content of date 
fruit of Birhi and Safari varieties were 
2.60±0.07% and 2.03±0.11%, respectively. 
Similarly, [26] found that the protein content of 
five dates varieties at tamr stage, grown in the 
United Arab Emirates (Khalas, Barhee, Fard, 
Boumaan and Ruzeiz were 2.7, 2.5, 2.6, 2.3 and 
2.4g/100g), respectively.  
The fiber and ash content of Siwi dates at tamr 
stage were 2.62 and 2.05% (on dry weight 

basis). [32] found that crude fiber and ash 
content of Siwi dates were 2.25 and 1.84%, 
respectively.  
Results from the same table (2) showed that the 
total polyphenol content (expressed as gallic 
acid) of Siwi date fruit at tamr stage was 
1.16%. [31] reported that the total polyphenol 
content (expressed as catechin) was 1.92 % (on 
dry weight basis) at tamr stage of Siwi date. 
[36] found that the total polyphenol content of 
Zahdi dates (semi-dry type) at tamr stage was 
0.202% and 0.254% (on dry weight basis) when 
expressed as catechin and tannic acid, 
respectively. Since absorptivity of the reaction 
products of Folin-Denis reagent with both 
standards is different at 725nm, it could be 
concluded that the variation between the values 
of total polyphenols of the Siwi date illustrated 
through this study and those reported by the 
other investigators could be due to the different 
standards used and the ripening degree of the 
Siwi date studied.  
 
Effect of Heat and Irradiation Treatments 
on chemical composition of Siwi Date Fruit 
The consumers’ interest was mainly focused on 
the nutritional properties of the product. To 
draw up a date quality profile will, therefore, 
involve an evaluation of moisture, protein, 
fiber, fat as well as carbohydrates, total 
phenolic and ash content were determined in 
replicates. Results are presented in Table 3 and 
Fig. 1-3.  
The results indicated that the maximum 
decrease in the moisture contents was found 
during 3-6 months of storage time. The 
percentage of the reduction in moisture 
contents of the date samples found to be 32.17, 
28.08 and 26.45% of the total moisture contents 
of the control, heat treatment and irradiated 
samples, respectively (Fig. 1).  
[32] found that the moisture content of dry 
dates decreased from 14.2 to 12.8% after 12 
months of storage at room temperature. 
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Table 3. Effect of heat and irradiation treatments on chemical composition of Siwi date fruit  
during storage for nine months at room temperature 

Irradiation treatment Heat treatment Control Samples 
Storage time (month) Storage time (month) Storage time (month) 

9 6 3 0 9 6 3 0 9 6 3 0 Component% 
11.82 12.98 16.54 17.65 12.68 14.01 18.24 19.48 11.35 12.71 17.94 18.74 Moisture 
88.18 87.02 83.46 82.35 86.32 84.99 81.76 80.52 88.25 87.09 82.06 81.26 Total solids 
80.21 79.35 78.76 77.14 79.69 78.23 77.13 77.01 80.77 79.64 76.68 79.23 Total sugars 
4.55 4.58 4.46 4.05 4.48 4.64 4.26 4.17 4.84 4.98 3.84 4.98 Non-reducing 

Sugars 
75.82 74.76 74.36 73.07 75.21 73.58 72.86 72.84 75.94 74.65 72.64 74.25 Reducing Sugars 
0.80 0.84 0.97 1.654 0.78 0.81 0.93 1.61 0.80 0.82 1.08 1.72 Protein 
2.07 2.11 2.28 2.58 2.04 2.10 2.26 2.55 2.09 2.13 2.29 2.62 Fiber 
1.90 1.87 1.96 1.97 1.91 1.89 1.91 1.99 1.99 1.98 2.00 2.05 Ash 
0.54 0.57 0.68 1.189 0.51 0.52 0.63 1.14 0.72 0.81 0.86 1.21 Lipids 
0.69 0.87 1.04 1.12 0.668 0.81 0.974 1.03 0.714 0.89 1.08 1.16 Total phenolics 

mg/100g 
57.36 61.9 78.70 94.43 46.85 48.52 61.47 78.92 58.22 62.69 74.54 109.6 Vitamin (C) 

IU/100g 
On dry weight basis     Data are mean ± S.D. of three replicates 
 
 

 

9
10
11
12
13
14
15

16
17
18
19
20
21

0 3 6 9

  Storage Time month)

M
oi

st
ur

e 
%

control
heating
irradiated

 
Fig. 1. Effect of heat and irradiation treatments on the 
moisture content of Siwi date fruit during storage for 

nine months 
 
Radiation had some influence on the moisture 
contents. [40] found that treating Hayany dates 
at Khalal stage with microwave for 0.5, 1, 2,  3, 
4, 5, 8 and 10 min followed by drying in an 
oven at 50°C decreased moisture content of the 
fresh dates from 56.6% to 11-13.03% in the 
dried treated dates.. Dates of over 24% 
moisture in a warm moist atmosphere were an 
easy target for microbial attack. If left 
uncontrolled storage, insects can devastate the 
date, bath in material and organoleptically [12]. 
Irradiation of date at higher doses (0.9 and 1.8 
kGy) increased titratable acidity immediately 
after the treatment. After 8 months of storage, 
the treatment increased ash and decreased 
amino acids. Irradiation at 0.9 kGy significantly 
increased glucose and total sugars contents 
after 8 months of storage. The increase in 
storage time resulted in a decrease in starch 
contents in both irradiated and non-irradiated 
dates [10].  
The results in Table 3 showed that total, non-
reducing and reducing sugars on the heated and 
irradiated samples increased gradually with 

increasing storage time, whereas those of the 
control samples showed inconsistent decrease 
or increase during the 9 months storage. 
Maximum levels of sugars were obtained at the 
end of storage period and were higher in the 
control, followed by the irradiated and heat 
treatment samples, respectively. [54] reported 
that radiolytic products of carbohydrates could 
be formed when foods treated with ionizing 
energy; such products include glucuronic, 
gluconic, and saccharic acid, glyoxal, 
arabinose, erythrose, formaldehyde, and 
dihydroxyacetone.  These resulted also in 
agreement with [6] who indicated that 
irradiation at doses between 0.3 and 0.9 kGy, 
followed by 3 or 6 months storage at room 
temperature, significantly reduced fructose, 
glucose and total sugars content of dates 
(Khalas variety) immediately after irradiation.  
During the storage period (nine months) the 
protein contents decreased from 1.72 to 
0.804%; from 1.61 to 0.782% and from 1. 65 to 
0.801% for the control, heat treatment and 
irradiated samples, respectively Fig. 2. The 
results also reflected that the maximum 
decreases were found in the first 3 months of 
storage period. At the end of storage period, the 
highest decrease was found in the heat 
treatment samples while there was no 
difference between the control and irradiated 
samples. 
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Fig. 2. Effect of heat and irradiation treatments on the 

protein content of Siwi date fruit during storage for nine 
months. 

 
Our results are in close agreement with that 
reported by [32]. [25] studied the effect of 
various irradiation doses on some nutrients of 
Pakistani dates and found that after 5 months of 
storage, the protein level of control samples 
was reduced from 2.3 to 1.1% while that of 
irradiated samples (300Krads) was reduced 
from 2.3 to 1.2%. They concluded that the 
irradiation of date up to 300Krads had no 
significant effect of the protein content of the 
irradiated samples. The result is consistent with 
that of [9] who reported that the protein 
composition of three Iraqi date varieties was 
not affected by irradiation at 0.7–2.7 kGy. On 
the other hand, doses of 0.6 and 0.9 kGy did not 
induce significant changes in amino acid 
contents.  
Results showed that the fiber content of the 
control date sample was reduced from 2.62 to 
2.09% during 9- months of storage. On the 
other hand, the fiber contents were reduced 
from 2.55 to 2.04% and from 2.58 to 2.07% in 
heated and irradiated samples, respectively.  
[35] investigated the influence of various doses 
of gamma irradiation up to 300Krads and 
colored polyethylene packaging on some 
selected parameters of date fruit and reported 
that the fiber levels decrease gradually in all 
samples in irregular pattern. [25] studied the 
effect of various irradiation doses on fat content 
of Pakistani dates and found that after 5 months 
of storage the fat level decreases from 
1.06±0.12 to 0.68±0.06% for control date 
samples while that of irradiated, the fat content 
decrease to 0.45±0.04, 0.44±0.04, 0.44 ±0.05, 
0.42 ±0.05 and 0.40±0.04% for samples 
irradiated with 20, 50, 100, 200 and 300 krads, 
respectively. 
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Fig. 3. Effect of heat and irradiation treatments on the 
lipids content of Siwi date fruit during storage for nine 

months. 
 
Effect of heat and irradiation treatment on 
the amino acids content of the Siwi date fruit 
The data obtained from the amino acid analysis 
of the control, heat and irradiation treatments 
were tabulated in Table 4 and Fig. 5. Results 
showed that all essential and non-essential 
amino acids increased sharply after the heat and 
irradiation treatment comparing with control 
sample. Results indicated that the irradiated 
date samples had the highest amino acid 
contents in all the detected amino acid followed 
by heated treatment samples, while the control 
had the lowest amino acid contents. The most 
affected amino acid appeared to be Aspartic 
acid, Glutamic acid, Serine and Tyrosine while 
there were no significant differences between 
the control and the heated samples concerning 
isoleucin, leucin and glycine. On the other 
hand, these amino acids showed a slight 
increase in the irradiated samples. 
 [17] found no significant changes in the 
nutritional qualities of dry date fruits of Safawi 
and Soukaria cvs. As indicated by 
carbohydrates, protein and amino acids 
determination directly after irradiation 
(25Krads), as well as at 3, 6, 9, and 12 months 
storage periods at 25-35°C and 85-95% RH. 
[23] investigated the effect of four doses of 
methyl bromide i.e. 40, 60, 80 and 100mg/L in 
Deglet Nour date fruit and indicated no 
significant changes in protein variations but 
more statistically remarked in amino acids 
levels, especially glutamic and proline which 
increased.   
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Table 4. Amino acids contents of control, heat treatment and radiated Siwe date fruit mg/100g dry fruit 
 

Amino acid Control Heat treatment Irradiation  treatment 
Aspartic acid 15.57 31.592 73.78 

Threonine 11.73 12.43 20.09 
Serine 9.20 17.05 22.85 

Glutamic acid 29.85 46.93 69.74 
Glycine 27.62 28.99 44.90 
Alanine 30.75 32.67 49.13 
Valine 30.38 13.86 39.53 

Isoleucine 20.65 20.11 25.68 
Leucine 38.16 39.05 50.42 
Tyrosine 15.34 17.12 17.26 

Phenylalanine 14.68 17.58 19.32 
Histidine 13.41 192.06 20.16 

 

         
Fig. 5. Amino acids chromatogram in control Siwe date 

fruit 
 
On the other hand, methionine and lysine acid 
decreased. [18] found that  irradiation of sea 
bream (Sparus aurata) at dose of 2.5 kGy, 
increased  aspartic acid, serin, histidine, 
arginine, cystine, valine, leucine and proline 
while it decreased glutamic acid, asparagine, 
glycine, tyrosine, methionine, tryptophan, 
phenylalanine, isoleucine, lysine and 
hydroxyproline contents. 
 
Effect of heat and irradiation treatments on 
the microbial counts of Siwi Date fruit 
 
The effect of heat and irradiation treatments on 
the total bacterial and yeast and molds counts 
of Siwi Date fruit were studied and the results 
are presented in Table 5. Results showed that 
total bacterial counts were reduced immediately 
after irradiation to a greater extent, compared to 
the reduction in molds and yeasts, since the 
later are generally less sensitive to irradiation 
[28]. The microbial flora of both irradiated, 
heat treatment and control dates remained low 
until the end of storage period of 9 months. The 

irradiated samples had the lowest microbial 
counts, followed by the heat treatment samples.  

 
Table 5. Effect of heat and irradiation treatments on the 
total microbial count, yeast and molds of Siwi date fruit 

during storage for nine months 
Samples Storage time month 

0 3 6 9 
Control 

T. C. 
M+Y. 

 
22 x 102  
6.5 x 102 

 
12 x 102 
4 x 102 

 
10.5 x 102 
1.8 x 102 

 
4.2 x 102 
1.2 x 102  

Heating. 
T.C. 
M+Y. 

 
17.5 x 102 
2.8 x 102 

 
10.1 x 102 
1.24 x 102 

 
5.3 x 102 

0.75 x 102 

 
3.6 x 102  
0.55 x 102 

Irradiation.    
T.C.. 
M+Y. 

 
6.2 x 102 
2.2 x 102 

 
3.2 x 102 

0.98 x 102 

 
1.4 x 102 

0.64 x 102 

 
0.6 x 102 
0.4 x 102 

         T.C.= total count, M+ Y= molds + yeast (CFU/g sample) 
 
 
CONCLUSIONS 
 
The aim of this study is to investigate the 
effects of heating and irradiation treatments on 
the quality properties and the shelf life of the 
Siwi date fruit after treatment and during 
storage. Irradiation treatment was found to be 
superior to heat treatment for improving the 
quality as well as prolonging the marketable 
period of date fruit.  
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Abstract 
 
Called "the queen of vegetables" by some gourmets because of its strong taste, onion is a highly consumed vegetable 
which is appreciated worldwide. Onion brings a significant contribution of vitamins and minerals when used in human 
food.Onions are perishable and cannot be long-term stored under normal conditions. Post-harvest losses are estimated 
from 18 to 25% depending on the storage system (refrigeration, mechanical ventilation, etc.).Onion dehydration is a 
solution to reduce losses and expenses for storage and transportation, ensuring and increasing shelf life.The use of the 
existing dehydration devices has created quality problems regarding color, texture and taste.Our research aimed to 
establish optimal dehydration conditions recommended for production use.To improve the drying process and to 
achieve a quality product, studies were performed on a laboratory dehydration device. The studies included the effect of 
drying temperature and air velocity, the thickness of onion slices  and drying time regarding the sensorial qualities and 
rehydration characteristics. 
 
Key words: drying, thin layer dryer, drying time, drying temperature 
 
INTRODUCTION  
 
Onion (Allium cepa, Liliaceea family) is one of 
the most used vegetables in the world owing to 
its taste and aroma. 
The tendency in the countries with a modern 
agriculture is to maintain or even reduce the 
surface of onion crops, but to increase the 
average production per hectare by applying the 
highest performing technologies. 
In Romania, the increase in onion production is 
the result of the increase in the crop areas, and 
not of the increase in the average production 
per hectare. According to the total cultivated 
area (36.8 thousand hectares), Romania holds 
the first place in Europe, and according to the 
total production obtained (296 thousand tons), 
it holds the sixth place, after Spain, Italy, 
England, Holland and Poland. 
Onion is used for giving flavor to salads and 
foods, in its mature as well as in immature 
stages of biological development. The 
pungency of onion results from its sulfur 
bearing compound in volatile oil-allyl-propyl 
disulfide [4]. 
Onion is also used as a cure, owing to its high 
vitamin and mineral salt contents, as well as 

antibiotic substances. Onion provides the 
human body with an element that is little 
known, even on a general level: chrome, useful 
for the good functioning of human cells. 
Besides chrome, vitamin C, manganese, 
vitamin B6, phosphor and potassium, there are 
other elements found in the composition of the 
onion. Phenols and flavonoids in onions have 
strong anticancer and antioxidant properties. 
All these lead to the numerous effects that 
contribute to ensuring a state of health and 
equilibrium in the body, as well as to 
preventing the apparition of pathological 
phenomena. 
Due to its perishable nature, onion cannot be 
stored for a long period of time in normal 
conditions. Refrigerated deposits or places with 
a controlled atmosphere are recommended for 
storagea 
The post crop losses [1] can reach up to 40%, 
of which 18 - 25% storage losses, according to 
the storing system used (refrigeration, 
mechanical ventilation, etc.) 
Onion dehydration is a solution for reducing 
storage losses and costs, as well as transport 
costs, ensuring a later expiration date [2, 3]. 
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MATERIAL AND METHOD  
 
The raw material used was onion of the 
Stuttgart variety, from an ecological culture in 
SCDL Bac u. 
During the period between harvesting and the 
experiments (7 months), the two onion varieties 
were stored in the cold cells of ICDIMPH – 
Horting, at a temperature of 5 0C and a relative 
humidity of 80%. 
Required equipment for the experiments: 
 Universal fruit and vegetable washing 

machine, ATIR model, made in Nilma – Italy, 
equipped with a washing system composed of a 
continuous, rotating water flux, adjustable in 
time and intensity, in which the products were 
sunk. 
 Onion cleaning machine, MAXIM model, 

made in Nilma – Italy, which peeled the onions 
fast and with minimal impact on their size. The 
particular shape of the peeling disc allowed the 
distribution of the abrasive action in a uniform 
manner along the whole surface of the onion, 
following its shape. 
 Vegetable cutting machine, 2000 model „LA 

ROMAGNOLA”, made by FIMAR – Italy. 
 Fruit and vegetable dryer, made by 

TECMON – Italy (Fig. 1), with a working 
capacity of 70 – 300 kg/batch of fresh product. 
Hot air was the dehydration agent (heating 
system – electrical resistance), with the 
possibility of recirculating the drying agent. It 
also had an automatic control panel (Fig. 2), 
which allowed setting the work parameters: 
temperature, humidity, air flow speed, and also 
the recording of these values during the work 
cycle. Trays were used for drying (Fig. 3), put 
on a cart with a maximum capacity of 20 
pieces.  
Dehydration time was 8 hours, and every 30 
minutes the air flow of hot air was changed. 
Dehydration temperature was set to 80 0C and 
the speed of the air flow was measured during 
the cycle. 
Sensorial, physicochemical and micro-
biological analysis was performed on the 
dehydrated products were analyzed. 

 

 
Fig. 1.  Dryer 

 

 
Fig. 2. Control panel 

 

 
Fig. 3. Cart with trays 

 

For the quality characteristics (sensorial, 
physicochemical and microbiological) of 
onions in fresh and dehydrated states, the 
following analysis methods were used: 
 STAS 5956-71 “Fruit and vegetable 

products. Determination of soluble substances 
(the dry soluble extract) using the 
refractometric method” 
 Determining soluble carbohydrates – The 

iodometric method - Schoorl. 
 Determining the total gross protein – The 

Kjeldahl method. 
 STAS 5957 – 71”Fruit and vegetable 

products. Determining fats” 
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 STAS 5954/1 – 86”Fruit and vegetable 
products. Determining total ash” 
 Determining vitamin C – The 

spectrophotometric method with 2, 6-dichlor-
phenol-indophenol. 
 STAS 13 058 – 91 “Fruit and vegetable 

products. Determining ß – carotene”  
 STAS 2445 – 83 “Dehydrated fruit and 

vegetable products. Determining humidity” 
 STAS ISO 6888-1992 “General directives 

for setting the number of Staphylococcus 
aureus. The counting of colonies method” 
 STAS 12 965-91 “Food products. 

Determining the number of molds” 
 STAS 12 964-91 “Food products. 

Determining the number of yeasts” 
 SR ISO 7932-1997 “General directives for 

setting the number of Bacillus cereus.  The 
counting of colonies at 30°C method” 
 SR ISO 6579-1997 “General directive 

regarding the methods of Salmonella germ 
identification” 
 SR ISO 7251-1996 “General directives for 

setting the number of presumptive Escherichia 
coli. The most probable number technique” 
 
RESULTS AND DISCUSSIONS 
 
1. Physicochemical analysis 
Onions were analyzed from a sensorial and 
biochemical point of view, with the results 
found in tables 1 and 2. 
 

Table 1. Sensorial analysis of fresh onions 
Sensorial 
characteristic 

Onion  

Aspect Healthy, firm, compact and clean bulbs. 
Color White - yellowish. 
Taste and smell Pungent, sweet, common for fresh onion, 

with no foreign tastes or smells (bitter, 
mold, etc). 

 
From the sensorial point of view, the analyzed 
onion corresponded to the regulations SR 
1424:2004. 
Biochemical analysis showed that the studied 
onions had complex biochemical composition 
consisting in soluble carbohydrates and 
minerals (potassium, calcium, magnesium, 
iron). 
 
 
 

Table 2. Biochemical analysis of fresh onions 
Nr. Biochemical characteristic Results 
1. Dry soluble substance ( R at 20 C) 11.7 
2. Water (%) 87.6 
3. Soluble carbohydrates (%) 9.27 
4. Lipids (%) 0.23 
5. Proteins (%) 1.53 
6. Vitamin C (mg/100 g) 7.60 
7. Titratable acidity (g malic acid /100 g) 0.20 
8. Total ash (%) 0.59 
9. Sodium (mg/100 g) 9.25 
10. Potassium (mg/100 g) 184.70 
11. Calcium (mg/100 g) 34.50 
12. Magnesium (mg/100 g) 8.82 
13. Iron (mg/100 g) 0.65 
14. Cellulose (%) 0.68 

 

Sensorial, biochemical and microbiological 
analysis was performed on the dehydrated 
onion sample, the results being shown in tables 
3, 4 and 5. 

 

Table 3. Sensorial analysis of dehydrated onions 
Characteristics Dehydrated onions 

Aspect Dehydrated onion slices (2mm 
thick), healthy, clean, uniform color 

Crushed pieces, or pieces 
smaller than 4 mm, %, (m/m) 

3.85 

Radicular disc or exterior layer 
leftovers, %, (m/m) 

2.15 

Molding, fermenting or other 
signs of alteration 

Missing 

Slices of pieces of slices with 
color defects (slightly burnt or 

caramelized), %, (m/m), 

2.15 

Color Bright yellow, specific to dehydrated 
onions 

Consistency Hard, inelastic 
Taste and smell Pungent, sweet, specific to 

dehydrated onions, no foreign tastes 
or smells (bitter, burnt, mold etc.) 
 

Table 4. Biochemical analysis of dehydrated onions 
Nr. Biochemical characteristic  Results 
1. Humidity (%) 7.20 
2. Soluble carbohydrates (%) 68.70 
3. Lipids (%) 1.87 
4. Proteins (%) 10.20 
5. Vitamin C (mg/100 g) 18.75 
6. Sodium (mg/100 g) 68.75 
7. Potassium (mg/100 g) 982.14 
8. Calcium (mg/100 g) 204.25 
9. Iron (mg/100 g) 4.00 

10. Magnesium (mg/100 g) 61.10 
11. Ash insoluble in HCl 10 % (%) 0.028 

 

Following biochemical analysis, we noticed 
that dehydrated onions had a high content in 
carbohydrates, proteins and minerals (sodium, 
potassium, calcium, magnesium, iron). 
Table 5. Microbiological analysis of dehydrated onions 

Characteristics Results 
Coliform bacteria, NCP/g < 10 
Escherichia coli, NCP/g absent 

Salmonella, presence/25 g absent 
Coagulase-positive Staphylococcus, ufc/g absent 

Bacillus cereus, ufc/g absent 
Yeasts and molds, ufc/g absent 
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2. Dehydration process parameters 
 
In Fig. 4, we present the variation of 
temperatures T1, T2, T3 and T4 of the 
temperatures starting from 25-28 0C 
(environment temperatures) and following a 

transitory regime of temperature growth to 70 
0C for 60 minutes. During the next 180 min, we 
noted a slower increase in temperature to 
around 80 0C, and stabilized afterwards for the 
next 240 minutes. 

 
Fig. 4. Variation of air humidify during dehydration 

 

 
Fig. 5. Variation of dehydration temperature 

 
 
Graph analysis shows that values started from 
70% at the beginning of dehydration (a value 
corresponding to the environment of the 
dehydration installation), and then abruptly 
decreased to 12–15% during the first 120 min, 
to values of 7–8%. This was followed by an 
interval of 5–6% for the next 240 min. 
Following the dehydration process (Fig. 6), 
humidity reached 7.12%. 

 
Fig. 6. Dehydrated onions 
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CONCLUSIONS  
 
Following the experiments and the results, we 
can conclude that: 
 after 180 minutes in the dehydration area, 

the dehydration regime parameters stabilize and 
become uniform in the entire dehydration 
chamber, as far as temperature and humidity 
are concerned; 
  the dehydration regime recommended for the 

Stuttgart variety - optimal drying temperature 
of 78 - 80 0C; the thickness of the onion slice - 
3 mm; dehydration time - 8h; speed of drying 
air 4.2 - 4.5 m/s; 
 according to microbiological analysis, 

dehydrated onions correspond to the Ministry 
of Health regulations nr. 975/1998 regarding 
dehydrated vegetables. 
About 80% of the dehydrated products existing 
on the Romanian market come from imports. 
Due to the current conditions and the lack of 
high technologies, the modernization and 
optimization of the dehydration technologies is 
required, in order to ensure the production of 
competitive local products both for the internal 
market and export. 
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Abstract 
 
The project aim is the discovery of historical identity through the cultural and functional residential garden of the 
Royal House of Romania. This work is necessary given the considerable reduction of historical landmarks and national 
cultural identity. The study shows the approach, analysis and strategy of the development project aiming to revitalize 
the Elisabeta Palace Garden, and the landscaping solution for the residential garden. The study of the monument as a 
whole involves detailed research that displays the potential landscape value of the space accompanying the royal 
residence in Romania and possibly its inclusion on the list of historical landscape monuments. Knowing the main 
aspects regarding the accounting and inventory of the elements that compose the historical garden also includes a 
range of information that would help the sustainable management strategy for the future. Not only the preservation and 
conservation but also the restoration and revitalization of the cultural heritage that was left to us is a paramount 
concern in the development of a cultural society. These testimonies of the past are very important milestones, necessary 
for understanding the value of the Romanian people. Maintaining and developing the landscape, in conjunction with the 
architectural values belonging to the historical monument, may lead to the future possibility of self-financing of all 
maintenance work required by the historical assembly. That imperative - self-financing - is present in all current studies 
of sustainable development and can be embedded in the marketing strategies of the monument. 
 
Key words: Actual functionality, cultural landmarks, historical identity, historical garden, revitalization. 
 
 
INTRODUCTION 
 
Gardens belonging to historical edifices as 
monuments of the past are testimonies of 
certain developmental stages of a people’s 
civilization and culture, of the way in which 
historical, economic and social factors, 
scientific and technical knowledge of the time 
shaped certain forms of modelling the space for 
human life. 
Knowledge, investigation and preservation or 
restoration of these gardens is perhaps just as 
important as other cultural values that are part 
of the heritage of a country and, in many cases, 
of the entire world [28]. 
Landscape preservation in such cases is the 
preservation and guardianship against 
destruction, maintaining the basic and original 
features of forms and components that have 

withstood time. Concerning gardens, the effect 
of climatic conditions on the specific buildings 
and especially on vegetation, coupled with the 
potential longevity of plant species, results, 
with the passing of time, in the degradation of 
the general landscape appearance and often 
leads to important losses. 
The lack of topological inventory regarding 
vegetation and the rest of the elements 
composing the historical assembly require 
immediate action. Such an inventory should be 
provided very soon. All the transformations that 
occur in the landscape should be monitored and 
recorded in special documents (inventory 
sheets). 
The study focuses on the application of a global 
analysis on the current landscape, identifying 
opportunities and defining the full potential of 
the whole landscape of the historical assembly. 
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The Royal residence was built by the architect 
Cornelia M. Mark [25] in 1935-1937, 
especially for Queen Elizabeth of Greece, born 
Princess of Romania; it is the smallest royal 
palace in Bucharest, built to serve as a private 
house. 
Besides the Royal Family's private and public 
spaces reserved for events, the palace 
comprises administration offices, Royal 
Secretariat, Offices of Protocol and Press. 
After a global analysis of the landscape which 
is also accomplished by the final diagnosis, this 
study addresses the defining of a vision and 
mission leading to the best solution of 
landscape design that will provide permanent 
housing and space for cultural events organized 
under the auspices of the Royal House of 
Romania. 
 
MATERIALS AND METHOD 
 
An approach to historic gardens through the last 
international convention on cultural heritage, 
landscape, monuments and sites reveals their 
importance in the cultural heritage of a 
community. Thus, the Florence Charter of 1982 
defines historical gardens as an architectural 
composition and plant showing public interest 
in terms of art history. This composition relates 
to: 
- plan and different land profiles; 
- vegetal masses: nature, volumes, color 

game, habitus, height; 
- built or decorative elements; 
- running or still water.  

Saving historic gardens requires a differentiated 
inventory of their components and specialized 
interventions for their maintenance, 
conservation and restoration, as well as the 
need to achieve a high degree of authenticity. 
Authenticity refers both to design the site plan 
and the amount of constituents and all the plant 
or mineral details that compose it. Any 
conservation or maintenance approach 
therefore involves simultaneous intervention on 
all parties as a whole, in order to avoid altering 
the structure of the composition. 
Protection of historic gardens considers not 
only its constituents but also the environment, 
i.e. the context of their overall existence. All 
changes in the surrounding physical 

environment threaten the ecological balance of 
the site. The rehabilitation measures of an 
endangered site are focused on the whole 
infrastructure (sewers, irrigation systems, roads, 
parking lots, fences, security devices, and so 
on) that can provide consistency and continuity 
in order to meet the needs of natural elements 
to biotic and protection against possible 
aggressive interventions. 
Therefore, a measure of protection for the 
historic gardens is to regulate public access and 
festive events or exhibitions within this 
framework, so that it does not result in the 
degradation or distortion of the protected space. 
The public interest generated by the historic 
gardens should not be diminished by 
exaggerating conservation measures, as they 
are public goods, but rather can occur for the 
purpose of public awareness for cultural 
heritage, respect for nature, ownership of 
inherited values as elements of identity and 
continuity. 
 
As an early-twentieth-century garden, the study 
began with an analysis on the garden art trends 
in the respective historical period. The 
Industrial Revolution and the development of 
the cities imposed creating gardens with 
increased functionality, bringing sufficient 
facilities that properly faced the population’s 
recreational needs. Along with the aesthetic and 
technical issues, endowments for social activity 
were added; at the same time, new ways of 
creating plantations began to be considered. In 
England, for example, the so-called bog-
garden, rock garden and wild-garden were 
developed. Inventing perennial flower borders 
and exotic plant cultivation method contributed 
to the diversification of compositional solutions 
for gardens during that period. 
An important influence was borrowed from 
cubist architecture, which brought new forms of 
geometric structures in gardens, based on 
symmetry or asymmetry. This led to original 
ways in the expression of forms, volumes and 
garden areas in the modern design. Garden 
Villa Noailles was an expression of the 
influence of the cubist style and was inspired 
by Mondrian's work [1].  
The gardens designed at the beginning of the 
twentieth century in Romania were also 
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analyzed, those that marked a new stage in the 
development of national garden art, both 
creations of foreign specialists and 
contributions of Romanian architects. [3] The 
conceptual basis of the research method 
concerning the restoration of historical gardens 
lies in analyzing, quantifying and aggregating 
the key benchmarks of all components 
belonging to the historical assembly.[4] 
 

 
Photo 1. Garden of Noailles Villa [29] 

 
On this basis, we analyzed the main criteria 
aimed at the Elisabeta Palace’s history, the 
natural conditions of the site, the visual analysis 
of the existing garden, traffic analysis, the 
present lighting system, furniture and 
vegetation analysis, all leading to the definition 
of a diagnosis that synthesizes the conclusions 
of this analysis. 
Historical analysis shows the first plot 
boundaries that subsequently hosted the 
construction of the Elisabeta Palace, registered 
in 1927. Since then, the plot recorded no 
change and was integrated into the context of 
the National Park (Herastrau Park). There were 
no documents to reveal any important detail of 
the vegetation structure, which seems to 
support the hypothesis that the latter remained 
unchanged after the site inclusion into the 
National Park. The study of the historical 
documents from that period revealed that a 
number of flower and tree species were used to 
decorate the palace garden (Peonia chinensis, 
Mahonia aquifolium, Magnolia kobus, Cerasus 
serrulata, Prunus blireana, Lilium regale) [26].  
The study on the natural conditions of the site 
was focused on the relief and geographical 
location, climate, geomorphology, seismicity, 

environment, water, flora and fauna specific to 
the area of Bucharest (the Romanian Plain). 
 

 
Photo 2. Historical map 1935 [27] 

 
Visual analysis drew attention to the open 
spaces that lacked important focal points and 
deconstructed spaces based on weak plant 
compositions, remnants of an old aged and 
degraded landscape design. The space for the 
garden was open both physically and visually; 
it was limited on the site edge with high 
vegetation.  
The Palace was projected on the northern 
background. The Main Alley revealed the most 
valuable perspective of the Palace, the left side 
of the garden bringing to view a deconstructed 
plant composition. That side was strongly 
planted with large trees (some of them very 
degraded). The space lacked focus points or 
valuable items that act as accents or contrasts. 
The construction increased the value of the 
garden overall, but vegetation created an 
amorphous space without harmonious 
composition. 
The absence of a valuable chromatic register, 
structured according to the seasonal scenery, 
and the lack of volumetric registers were noted 
in the garden composition. The center of the 
main path was dominated by a ‘T’ shaped pool 
of water finished with natural stone similar to 
that used at the Royal Palace in Balchik. The 
garden was enclosed by a concrete wall, 
plastered, painted in white, which was a fine 
background for the existing plants (after 
regeneration) or for future landscape planting. 
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Traffic analysis revealed that the site was 
located on one of the major traffic arteries of 
the city (access from Kiselleff Blvd). 

 
Fig. 1. Visual analysis of the Royal Palace Garden [6] 

 
The car access to the palace was controlled and 
allowed access only to the courtyard area. 
Pedestrian access was provided only by the 
guard sidewalk around the palace building and 
the paving of the central basin. There were no 
other traffic routes all over the garden, the 
traffic spreading freely over the entire surface 
of the garden. 
 

 
Fig. 2. Traffic and access analysis for the Royal Palace 

Garden [7] 
 
Analysis of the lighting system. The lighting 
networks were graphically analyzed for both 
functional and aesthetic functioning of the 
building and the palace garden. Generally, it 
can be said that the garden had no adequate 
lighting system that could highlight the entire 
arrangement. 
The analysis of furniture and decorative items 
highlighted the presence of valuable objects 

(stone benches, griffins, mobile decorative 
pieces), which unfortunately were not placed 
properly to enhance the aesthetic value of the 
assembly. 

 
Fig. 3. Lighting system analysis of the Royal Palace 

Garden [8] 
 

 
Fig. 4. Analysis of furniture and decorative items for the 

Royal Palace Garden [9] 
 
Vegetation analysis. The whole garden 
displayed old and deconstructed vegetation 
with a strong deficiency at the chromatic and 
volumetric level. The lack of plant decoration 
correlated with the seasons was still a weak 
point of the garden. The lack of middle sized 
vegetation (shrubs) and small vegetation 
(flower and herbaceous plants) was noticed. 
Background vegetation was partially structured 
onto the specific lowland area with dominant 
broadleaf vegetation. After the analysis on 
vegetation, it was concluded that the existing 
tree vegetation dated from the same period with 
that planted in the Herastrau Park (1930-1935) 
[2].  
There were no spectacular plant species 
distinguished in terms of colour, the only 

120



advantage of the arrangement being found in 
the differences of textures in the leaf sheath. 
Seen as a whole, vegetation remained static 
during all seasons. 
 

 
Fig. 5. Vegetation analysis for the Royal Palace Garden 

[10] 
 

 
Fig. 6. Seasonal vegetation analysis [11] 

 
In addition to vegetation analysis, an inventory 
of the plant heritage of the garden was 
performed, in which each item was analyzed 
individually by noting some dendrometric 
parts: trunk diameter, height of crown insertion, 
overall phytosanitary stability, cutting necessity 
and the recommended cutting type, aesthetic 
considerations related to the decorative value of 

the specimens analyzed. Based on this detailed 
inventory, there were identified plant items to 
be removed for various reasons (ageing, 
improper cutting, physiological degradation 
leading to the degradation of the aesthetic 
quality or general state of health).  
 
Table 1. Example of sheet recording the tree vegetation 

within the Elisabeta Palace [12] 

 
 
The comprehensive analysis performed at the 
site could reveal a diagnosis and an intervention 
strategy that led to the completion of the garden 
landscaping solution for the Palace according to 
the current usage requirements of this space. 
 
RESULTS AND DISCUSSIONS 
 
The diagnosis and conclusions of the analysis 
identified the strengths and weaknesses of the 
garden studied. 
Strengths: 
- the existence of a certain historical value 

given by the presence of the architectural 
assembly; 

- structured vegetation of dominant leafy 
plants specific to the plain area; 

- background provided by existing 
vegetation that can be partially structured;  

- materials used to make authentic 
pavements in accordance with the 
harmonious atmosphere of the architecture. 

- fluent and functional traffic. 
Weaknesses: 
- lack of structured vegetal colour registry by 

season; 
- perspectives are often uninteresting, even 

from various important points (windows, 
main entrances, terraces); 

- lack of valuable elements to be focused in 
the arrangement; 
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- the arboreal register dominated by large 
aged and damaged trees; 

- improper treatment of valuable plant 
accents; 

- weak and unaesthetic lighting system, with 
no contribution to the enhancement of the 
arrangement; 

- lack of pedestrian circulation limiting 
garden functionality; 

- valuable decorations that were not truly put 
into value; 

- present storage space that created a visual 
conflict with the elements in the 
arrangement. 

 
These conclusions formed the basis of the 
general approach, namely: the transformation 
of the Elisabeta Palace garden into a symbol 
space to complete and enhance the value of this 
Royal domain. 
The mission of honour at the Elisabeta Palace 
garden planning is to organize a space to meet 
the current users’ needs, offering diverse areas 
and atmospheres, interesting perspective and a 
spectacular vegetation scenery throughout the 
course of the year which, with diverse 
functions, leads to a wide use of the garden. 
The strategy approach proposes the division of 
the garden into major areas of intervention: 
- rehabilitation area which includes the 

geometric garden; 
- restructuring of space that includes the 

garden located in the northern part of the 
assembly; 

- area of innovation that includes the 
southern part of the garden; 

- premise gardens located in the palace. 
In terms of general arrangement, the strategy 
proposes to address functions depending on 
three envisaged areas of use: 

1. The Winter Garden which will include the 
area near the palace, accessible especially 
during the cold season, and which will be 
dominated by resinous species. 
2. The Summer Garden which will include 
more private area of arrangement and will be 
structured to provide a great setting in summer-
autumn period using trees, shrubs and 
herbaceous plants. This area will be the 
strength of the arrangement and will focus on a 

harmonious combination of textures, colours 
and fragrances. 

 

 
Fig. 7. Solution strategy [13] 

 
 

 
Fig. 8. Winter Garden [14] 

 

 
Fig. 9. Summer Garden [15] 

 
3. The Middle Garden will ensure a smooth 
transition between the Winter and the Summer 
Garden. The arrangement will be based on 
species to bloom before the birth of the leaves, 
providing a spectacular setting especially 
during the spring. 
In order to achieve the proposed solution, 
landscapes will be created that will be 
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successively and gradually perceived by the 
users through the division of the space by 
different shapes and heights of plantations. 
 

 
Fig. 10. Middle Garden [16] 

 
Plantations will be used to model relaxation 
areas; they would also mask discordant 
elements of landscape and unpleasant external 
views. In the same way, they will induce some 
perspective directions to the valuable points of 
the new design. 
The transition from one space to another will be 
balanced and correlated with the proposed 
circulation. 

 
Fig. 11. Landscape strategy  

for the Royal Palace Garden [17] 
 
Considering that the land may be seen from the 
outside, contiguous plantations for visual 
barriers will be provided sequentially along the 
perimeter; however, certain areas will create 
plantations with diverse opacity degrees. 
The garden landscaping solution of the Royal 
Palace is conceived in freestyle landscape 
design with winding paths and vegetation 
naturally ordered that inspires a romantic 
atmosphere. In the whole garden, an area of 
shallow water will be created and incorporated 
harmoniously; besides creating a refreshing 
atmosphere in the relaxation area, it will also to 
create a mirror effect for both plant and the 

elements. In addition, this space can 
temporarily accommodate during some special 
event, a floating public stage adapted to the 
characteristics of the public event.  
 

 
Fig. 12. General landscape design solution [18] 

 
Unity and harmony of composition will be 
provided by the newly introduced plant species 
on the background of the existing vegetation 
that will be regenerated and relocated under the 
new proposals for landscaping. 
 

 
Photo 3. Open perspective from the lake area,  

mirror effect [19] 
 
Traffic in the garden will be designed to allow 
browsing and gradual discovery of the space, 
and be perceived as discreetly integrated into 
the overall landscape. Paths are made of natural 
stone tiles with grassed grouts placed on one 
line. The route is sinuous and allows access to 
each area of interest to the garden. Rest areas 
will be located near the main alley, access to 
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trails being provided. They will provide 
insights spectacular arrangement open to the 
elements. One of the rest areas will be set up on 
the island of proposed water related piece, 
emphasizing the romantic character of the 
garden. The proposed garden furniture will 
have a permanent character in some areas and 
an occasional one in others. Permanent 
furniture will be made of simple pieces (usually 
stone slabs and wood); occasional furniture will 
complement the furniture needs and will have a 
delicate, light and mobile structure. 
 

Photo 4. Proposed furniture – relaxing area [20] 
 
Existing art pieces such as existing reliefs on 
the facade of the building but also from the 
summer garden will be emphasized by being 
framed symmetricaly by columnar vegetation. 
 

 
Photo 5. Virtual image from the Palace balcony to the 
Winter Garden [21] 
 
Lighting will have primarily a functional role, 
providing perimeter security lighting; 
nevertheless, aesthetic lighting is taken in 
consideration in order to highlight the elements 
of composition, but it must not disrupt the 
normal life cycle of the plants. 

Fixtures will be decorative in themselves, but 
will retain discretion in relation to the other 
elements of the arrangement. 
The garden has been designed considering easy 
maintenance works and sustainable 
development. Thus, a management plan has 
been taken into account, according to which all 
spatial landscape can be maintained within a 
system of sustainable development. 
 

 
Photo 6. Architectural lighting [30] 

 
CONCLUSIONS 
 
The gardens, as a product of human activity, 
can be listed as historical monuments once their 
aesthetic and memorial values has been 
validated and they have been included on the 
list of Historical Monuments under the laws in 
force. To be considered a work of art, garden 
subjective recognition must recreate an artistic 
sensation, to express beauty in itself like a 
painting or a picture, to allow "free play of 
imagination in contemplation" [23]. Work on 
the artwork depends on the recognition of its 
status, "a work of art, no matter how old or 
classic it is, actually exists and not just as a 
potential work of art, they live in a particular 
individualized experience." [24]. 
If gardens have no historical documentation 
stating the monuments original image before 
restoration by data interpretation with similar 
monuments from the same historical period, we 
can deduce the eclectic or innovative approach 
to restoration. In this case, it keeps valuable 
historical times of the arrangement and can 
introduce new functions in accordance with the 
current space usage needs. 
Newly introduced functions must take into 
account the original atmosphere of the 
monument, without major alteration of the 
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picture. The analysis of historical gardens 
criteria is used to develop a diagnostic and 
build a restoration plan that revive the 
reconstitution of the authenticity of a work of 
art: "Restoration, as updated artwork included 
is just the filtering and accumulation of data, it 
is therefore natural to identify two phases: the 
first reconstruction of the text of the work, the 
second intervention of matter that make up the 
work" [5]. 
The Recovery and Restoration Project for 
Elisabeta Palace Gardens has been conducted 
over a period of six months and has made all 
the necessary tests to elaborate one 
rehabilitation project, restoration and 
revitalization of the historic gardens. This 
approach can be an important step to achieve a 
restoration guide for resolving the problem of 
these historic gardens. Given that it is a 
permanent inhabited residence, the functions 
related to the best use of space, coupled with 
the current needs of the Royal House of 
Romania have been very seriously considered. 
Thus, the project has solved the needs of space 
for relaxation and rest by easily using the 
spaces near the palace, spaces with different 
atmospheres for public events of "Garden 
Party". The decision to introduce water as a 
very important element in landscape 
arrangement has been made with discernment, 
following garden analyses similar to the 
European royal residences housing scheme. 
 

 
Fig. 13. Overview of the garden in the future [22] 

 
The result reached in this study opens a niche 
for further research and creates a basis for 
addressing fundamental theoretical research of 
historical landscape monuments. This paper is 
aimed to be not only research but also an action 
to induce or recover respect for history and 

national heritage values, without which true 
restoration cannot take place. 
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Abstract 
 
Biotic stress is one of the major causes for considerable yield loses and limits in plant performance. To cope with this 
problem, multidisciplinary approach is applied and research is carried out at several levels of organization of the living 
organisms. The large scale studies are due to the fact that resistance is a complex of genetic, physiological, biochemical 
and other mechanisms. It includes plant-pathogen interactions demonstrated on organism, cellular and molecular level. 
Biotechnology affords an opportunity for application of alternative methods to investigate stress response and to select 
for higher tolerance. Essential prerequisites for this kind of work are the in vitro culture system and a stress factor 
which is applicable in vitro and simulates the natural stress factor on cellular or tissue level. In this respect culture 
filtrates from pathogenic fungus can be used as a selective factor in plant cell in vitro cultures. The objectives of the 
study were to define the appropriate culture filtrates from a pathogenic fungus which can be used for in vitro modeling 
of biotic stress using plant tissue cultures. Long-term organogenic pea cultures and crude culture filtrates from the 
virulent isolate of the pathogenic fungus Phoma medicaginis var. Pinodella causing ascochytosis disease were used. 
The negative effects of crude culture filtrates obtained at different stages of fungus growth were studied recording 
changes in pea bud and shoot induction and development. The virulence of the crude culture filtrate was tested after 
being subjected to cold or hot sterilization. The culture filtrate after the 5th day of fungus suspension initiation 
demonstrated suppression of the pea organogenesis. The negative effect is strongest on the 9th day of fungus cultivation. 
The cold sterilization of the fungus filtrate by Millipore filter with 0.2 μ membrane pores is the most effective and 
reliable. However,  it is more difficult compared to autoclaving which is reliable, too, but decreases culture filtrate 
activity.  
 
Key words: biotic stress, in vitro modeling, pea, Pisum sativum, Phoma medicaginis, ascochytosis 
 
INTRODUCTION  

 
Pea is the most commonly produced grain 
legume in Europe and second-most in the world 
[11]. Ascochyta blight is a serious disease of 
cool-season grain legumes (pea, lentils, faba 
bean and chickpea) [10]; Ascochytosis is 
widespread throughout the major pea-growing 
areas, especially in temperate regions in Europe 
[3]. Severe epidemics may result in total crop 
failure [2]. Seed treatment and foliar 
application of fungicides, as well as cultural 
practices are often unsuccessful and 
uneconomical to control the disease. The use of 
cultivars with high levels of resistance is 

considered the most economical solution for 
long-term disease management. However, 
breeding for resistance has been challenged by 
several factors, including the limited sources of 
good resistance [8]. 
Biotic stress causes considerable crops yield 
loses and limitation of plant performance. 
Overcoming this problem is not an easy task 
due to the various mechanisms and to the great 
number of genes involved in stress resistance. 
The research large scale  is due to the fact that 
resistance is a complex of genetic, 
physiological, biochemical and other 
mechanisms, what demands multidisciplinary 
approach in investigating and overcoming  
sensibility to unfavourable conditions.  
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Research is on organism, cell and molecular 
levels. The characterization of genotypes that 
may contain different genes for resistance may 
help breeders to develop better and more 
durable resistance, compared to the current one. 
Genetic relationships of germplasm accessions 
differing in reaction to ascochyta blight could 
be evaluated using Simple Sequence Repeats 
(SSR) markers linked to Quantitative Trait Loci 
(QTL) for resistance [8]. PCR techniques based 
on amplification of the ribosomal DNA (rDNA) 
internal transcribed spacer (ITS) regions have 
been used widely for the differentiation and 
detection of closely related fungal species [9]. 
Lack of natural gene resources is an additional 
limitation in screening for higher tolerance and 
development of new resistant varieties. This 
imposes the application of different approaches 
in selection of genotypes and varieties with the 
desired traits.  In this respect, biotechnological 
agriculture aims at avoidance of growth 
reduction due to a specific pathogen, permitting 
a wider range of crop species and varieties to 
give higher yields under wider range of 
conditions [1]. “Green” plant biotechnology 
allows application of new methods to study 
stress response and to select for higher 
resistance. Plant cell and tissue cultures can be 
used to create in vitro models in order to imitate 
biotic and abiotic stress. This contributes to 
facilitating breeding process and to overcome 
some of the problems of classical breeding. 
Basic requirements for application of 
biotechnology in studying stress effects, 
creating models, tests and schemes for selection 
are (i) the availability of in vitro culture system 
and (ii) an effective selective agent representing 
the desired trait on cell or tissue level, (iii) to 
find the criteria for drawing a parallel between 
response in vitro on cell/tissue level and in vivo 
on the level of organism. 
The in vitro modelling to study the disease 
resistance is based on the hypothesis that the 
bacterial and fungi toxins and other biologically 
active components play a substantial role in 
host-pathogen interactions, and that a parallel 
can be drawn between the response on cell 
level and that one of plant level. When cultured 
in vitro in a liquid medium in flasks, the 
pathogenic fungus Phoma medicaginis var. 
pinodella (causing ascochytosis) releases into 

the toxic medium other bioactive substances 
involved in the disease initiation and 
development. These crude culture filtrates 
could be used to simulate biotic stress and to 
study the biochemical interactions between the 
host and the pathogens.  
Ascochyta blight of pea is caused by three 
related fungal species, commonly referred to as 
the Ascochyta complex: Ascochyta pisi, 
Ascochyta pinodes, Phoma medicaginis var. 
pinodella. The pathogens are often host specific 
[7]. Ascochyta blight pathogens are all 
necrotrophic, killing plant cells in advance of 
mycellial development. Therefore, toxins and 
cell-wall degrading enzymes are often 
presumed to be important biochemical 
determinants of pathogenesis [10]. 
The objectives of the present investigation were 
to study the effect of crude culture filtrates on 
in vitro development of organogenic pea 
cultures taking in consideration the culture 
period of the fungus and the method for 
sterilization of the crude culture filtrate.  
 
MATERIALS AND METHODS  
 
In the present investigations, virulent isolates 
Pmp 8-1 from the pathogenic fungus Ph. 
medicaginis var. pinodella causing 
ascochytosis disease were obtained from 
naturally infected pea. The isolates were 
maintained on potato-dextrose medium 
solidified with agar-agar at temperature of 20  
in dark. Crude culture filtrates were obtained 
when three disks of 8 mm in diameter from the 
developing fungus were transferred into 100 ml 
potato-dextrose broth in flasks of 300 ml 
volume. Cultures were agitated on a shaker 
machine (150 rpm) at 20   for 7-10 days. 
During its development in the liquid culture, 
the fungus formed globules which reached 3-4 
cm in diameter on the 10th day. These globules 
were removed by passing the liquid cultures 
through cloth and sieves with different pore 
size (250μ, 125μ, 64μ, 30μ, 10μ). Two 
methods were applied for the sterilization of the 
sieved suspension: (i) CF was passed 
consecutively through sterile Millipore filters 
with pore size of 1.5μ, 0.8μ  0.2μ for the 
elimination of fungus spores, mycelium and 
other fungus particles; (ii) CF was autoclaved at 
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120o C at pressure of one atmosphere for 20 
min, like the nutrition media. These procedures 
aimed at obtaining of sterile crude culture 
filtrate (CCF), which added to the medium for 
cultivation of plant tissues, will not cause 
development of fungus infection.  
Sterile crude culture filtrate was added into the 
nutrient medium to reach final concentration of 
30 % v/v and 50 % v/v. This was achieved 
when double strength medium was prepared. 
When equal volumes of the plant growth 
medium and the crude culture filtrate were 
mixed, concentration of the filtrate was 50 %. 
The other concentration of 30 % was obtained 
when 3 portions of the filtrate were mixed with 
3 portions of distilled autoclaved water and 5 
portions of the double strength plant growth 
medium was added.  
Thus prepared, plant growth media containing 
fungus culture filtrate were used for cultivation 
of organogenic pea cultures. The latter were 
initiated from seedling cotyledonary nodes. 
After the induction of buds and shoot 
formation, organogenic cultures (Fig.1A, 1B) 
were maintained and multiplied using our 
protocols [4, 5, 6].  
 

 
Fig.1A. Organogenic pea culture with numerous buds. 

 
Small clusters of buds with fresh weight of 40 
mg were plated on shoot growth OCHMG 
medium (containing MS macro-salts, 4 folds 
increased MS micro-salts, Gamborg’s B-5 
vitamins, 30 g/l sucrose, 7 g/l agar, 5 mg/l 
benziladenin, 1 mg/l naphtyl acetic acid and 2 
mg/l giberrelic acid [6]) with fungus culture 
filtrate (30 % or 50 % v/v) or without CCF 
(control). All the cultures were incubated in a 
cultivation room at temperature of 22oC, 
photoperiod 16/8 h light. Development and 

growth of cultures under biotic stress were 
recorded after one month using following 
criteria: fresh weight, viability, necrosis, 
number of green buds. 
 

 
Fig. 1B. Shoot development of pea in vitro cultures 

 
RESULTS AND DISCUSSIONS 
 
The sterility test aimed at determination of the 
optimal conditions for sterilization of the 
fungus crude culture filtrate. The results in 
Table 1 indicate that passing the crude culture 
filtrate through sterile medicinal cloth which 
retains the fungus globule and followed by 
sieving through big diameter pores (60μ, 45 μ 
and even 1.5 μ) does not bring to sterility as 
fungus spores and mycelium particles remained 
in the suspension. After being mixed with the 
cell culture medium, the latter caused its 
contamination without inoculation of any plant 
tissue. Sterile CCF was obtained after a series 
of consecutive passages through sieves with 
decreasing pores diameter (250 μ, 125 μ, 60 μ, 
45 μ). The most reliable sterility was possible 
when 0.4 and 0.2 μ Millipore was used. 
However, these filters were used for 
sterilization of chemical solutions. This 
indicated that there were some bioactive 
substances remaining in the CCF which are still 
pathogenic.  
Another observation was that possibility for 
infection to grow with the aging of the fungus 
cultures. Spores were released from the 
mycelium globules into the liquid medium after 
the 8-9th day of cultivation. Then infection was 
more severe. Hence, it was recommendable to 
use crude culture filtrate before the 8th day. At 
that time, the suspension was more transparent 
and with lower viscosity and could be easily 
cleaned from the debris. 
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Table 1. Test for elimination of particles from the pathogenic fungus for obtaining sterile cultural filtrate. 
 

First step of elimination of the fungus particles Second step of elimination of the 
fungus particles 

Contamina
tion 

Sterile medicinal cloth Sieve with pores of 60 μ yes 
Sterile medicinal cloth Sieve with pores 45 μ yes 
Sterile medicinal cloth Millipore filter 1.5 μ yes 
Sieve with pores 250 μ, 125 μ, 60 μ, 45 μ Millipore filter 1.5 μ no 
Sieve with pores 250 μ, 125 μ, 60 μ, 45 μ Millipore filter 0.4 μ no 
Sieve with pores μ, 125 μ, 60 μ, 45 μ Millipore filter 0.2 μ no 

 
Autoclaving is the most common methods for 
sterilization of the plant nutritive media. 
However, in cases when the culture media 
contains thermo labile components, cold 
sterilization is applied. In this case, filters 
Millipore were usually used as they were able 
to capture bacteria. In our studies, cold 
sterilization was preferred. However, it was 
more difficult and time consuming as the filters 
became chocked very quickly, even after the 

preliminary sieving of the CCF. Autoclaving 
was the easier way though the activity of the 
filtrate dropped down by 30-40 % (Table 2). In 
our experiments, we further used the method of 
the cold sterilization. However, autoclaving is 
also acceptable in the cases when a larger 
amount of pea genotypes must be screened for 
disease tolerance. In the latter case, the 
reduction of the suppressive ability should be 
taken in consideration. 

 
Table 2. The effect of the different types of sterilization of the fungus cultural filtrate on its suppressive efficiency on in 

vitro development of pea organogenic cultures (Fig. 2) 
 

No 
Vari 
ant 

Plant  
culture  
medium 

Type of sterilization 
of CCF 

Plant tissue 
Fresh 
weight 
[mg] 

 Growth 
relative to 
variant one 
[%] 

Growth 
relative to 
variant 
two [%] 

Reduction of 
the 
suppressive 
activity 

1 OCHMG (Control)  240.4  100    
2 OCHMG + 50 % CCF Millipore filter 0.2 μ  56.96  23.56 % 100 %  
3 OCHMG + 50 % CCF Millipore filter 0.2 μ  

+ autoclaving 
98.39  40.93 % 173 % By 42 % 

4 OCHMG + 50 % CCF Sieves 
+ autoclaving 

77.99  32.44 % 138 % By 30 % 

 

 A.  B 
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C 
Fig. 2. Suppression of organogenesis and bud formation 
on media containing fungus culture filtrate of: A -30 %, 

B - 50 %, C - 70 % v/v. 

 
In another series of experiments, we studied the 
negative effect of the fungus filtrates obtained 
after various periods of cultivation of the 
fungus after inoculation of the fungus disks into 
the liquid medium and different growth of the 
fungus mycelium (globules) (Table 3). 
 
 
 
 
 

 
Table 3. Effect of the period for fungus growth of the efficiency of the fungus culture filtrate to suppress plant tissues 

growth in vitro 
 

No 
Vari 
ant 

Period for fungus 
cultivation 
[days] 

Diameter/Size 
of fungus 
globules  
[cm] 

Concentration of the 
CCF in the plant 
nutrient media  
[%] 

Multiplication 
index* of the 
organogenic 
cultures buds 

Multiplication 
index relative to 
the control 
[%] 

1  - - 0  3.29 100.0  
2 5  2-3  30  2.38   72.9  
3 5  1-1.5  30 1.86   56.9  
4 7  2-3  30  2.25   73.5  
5 7  1-1.5  30  2.19   71.6  
6 9  4-5  30  1.52   46.6  
7 9  2-3  30  1.28   38.8  

*Multiplication index represents the ratio between the number of buds in the cluster at the end of the cultivation period 
to the number of initial buds in the cluster transferred to the medium for growth and multiplication.  
 
The results indicated that CCF was active even 
on the 5th day of cultivation. A tendency for 
higher suppression of the CCF was obtained 
from a suspension containing bigger number of 
globules which were smaller in size (variant 3 
and 7, Table 3). CCF taken on the 9th day of 
culture expressed the highest suppressive effect 
on the pea bud/shoot growth. In the variants 6 
and 7, induction of new buds was restricted and 
the index of multiplication was more than two 
folds lower. As mentioned before, fungus spore 
formation started on the 8th day and their 
removal might create problems. That is why the 
best CCF was obtained on the 7th 8th day when 
CCF the negative effect was the best. 
 
CONCLUSIONS 
 
The crude culture filtrate after the 5th day of 
initiation of the suspension culture 
demonstrates suppression on the development 

of the pea organogenic cultures, though the 
biggest negative effect was recorded on the 9th 
day. It is highly recommendable to use CCF 
before formation of fungus spores in the liquid 
medium. Aterilization of the CCF is most 
reliable when Millipore membranes with pores 
of 0.2 μ (at the last step) are used. Autoclaved 
CCF is also active, though in reduced power. In 
this case, the decrease of the effectiveness 
should be taken in consideration. The results 
obtained thus were used for developing a test 
for tolerance to ascochyta blight and for in vitro 
selection. 
 
ACKNOWLEDGEMENTS 
 
Research was supported by projects of the 
National Science Fund of Bulgaria (CC1201) 
and The Bulgarian Academy of Sciences 
(Leader assoc. prof. Dr. G. Kosturkova) 
 

130



 

 

REFERENCES 
 

[1] Atkinson D., 2003. Sustainable agriculture: More 
than one way ahead. Bulg. J. Plant Physiol., special issue, 
23 – 36. 
[2] Davidson J.A., Kimber R.B.E., 2007. Integrated 
disease management of ascochyta blight in pulse crops. 
Eur. J. Plant Pathol., 119: 99 – 110. 
[3] Fondevilla S., Cubero J.I., Rubiales D., 2007. 
Inheritance of resistance to Mycosphaerella pinodes in 
two wild accessions of Pisum. Ascochyta blight of grain 
legumes, edited by Bernard Tivoli, Alain Baranger, Fred 
J. Muehlbauer, B.M. Cooke (Springer), 53 – 58. 
[4] Kosturkova G., Tasheva K., Mehandjiev A., 2003. In 
vitro callogenesis and organogenesis in pea. (Pisum 
sativum). Scientific Publications vol IV “TEHNOMAT 
and INFOTEL 2003” book 2, 121-127. 
[5] Kosturkova G., Mehandjiev A., Tasheva K., 
Dimitrova M., Rodeva R., Mihov M., 2005a. 
Establishment of long-term organogenic cultures of pea 
(Pisum sativum) for crop improvement programs. 
Proceedings of the COST Action 843 conference, 29 
June - 2nd July, Stara Lesna, Slovakia, 66-68. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[6] Kosturkova G., Dimitrova M., Mehandjiev A., 2005b. 
In vitro organogenic potential of new mutant lines of pea 
(Pisum sativum). Plant Science, 42(3): 222-225 
[7] Onfroy C., Baranger A., Tivoli B., 2007. Biotic 
factors affecting the expression of partial resistance in 
pea to ascochyta blight in a detached stipule assay. Eur. 
J. Plant Pathol., 3 – 27. 
[8] Tar’an B., Warkentin T., Tullu A., Vandenberg A., 
2007. Genetic relationships among Chickpea (Cicer 
arietinum L.) genotypes based on the SSRs at the 
quantitative trail Loci for resistance to Ascochyta Blight. 
Eur. J. Plant Pathol., 119: 39 – 51. 
[9] Taylor P.W.J., Ford R., 2007. Diagnostics, genetic 
diversity and pathogenic variation of ascochyta blight of 
cool season food and feed legumes. Ascochyta blight of 
grain legumes, edited by Bernard Tivoli, Alain Baranger, 
Fred J. Muehlbauer, B.M. Cooke (Springer), 127 – 133. 
[10] White D. and Chen W., 2007.Towards identifying 
pathogenic determinants of the chickpea pathogen 
Ascochyta rabiei. Ascochyta blight of grain legumes, 
edited by Bernard Tivoli, Alain Baranger, Fred J. 
Muehlbauer, B.M. Cooke (Springer), 3 – 12. 
[11] FAOSTAT data, 2005; http:faostat.fao.org 
 
 
 
 
 
 
 
 
 
 

131



TOWARDS AGROBACTERIUM – MEDIATED TRANSFORMATION OF 
THE ENDANGERED MEDICINAL PLANT GOLDEN ROOT 
 
Krasimira TASHEVA, Georgina KOSTURKOVA 
 

In vitro Development and Genomic Regulation Group, Regulation of Plant Growth and 
Development Department, Institute of Plant Physiology and Genetics, Bulgarian Academy of 
Sciences, 1113 Sofia, Bulgaria 
 
Corresponding author e-mail: krasitasheva@yahoo.com 
 
Abstract 
 
Medicinal plants preparations are still the most popular life saving remedies for a larger part of the world population. 
However, exhaustion of natural resources demands new approaches in utilization and protection of these species. 
Biotechnology may be a powerful tool for enhancing the productivity of novel secondary metabolites. In recent years 
Agrobacterium mediated plant transformation, due to its simplicity and efficiency, has become quite used method for the 
introduction of foreign genes into plant cells followed by regeneration of genetically improved plants. The approach was 
successful in a number of technical and food crops but it is still limited in medicinal plants. One of the most appropriate 
methods for medicinal plants engineering is genetic transformation leading to increased synthesis of biological active 
substances in root cultures or in regenerated plantlets. 
Rhodiola rosea is a medicinal plant with limited area of distribution. Roots and rhizomes contain biological active 
substances used in prevention and treatment of socially important diseases. 
This article illustrates the possibilities of biotechnology for regeneration of Golden root and for genetic transformation 
aiming at stimulation of secondary metabolite production in vitro. Efficient system for propagation in vitro was 
developed using leaf nodes explants and was used for the genetic transformation experiments. Agrobacterium rhizogenes 
ATCC 15834 was used for hairy roots induction. Various factors (like density of bacterial suspension, co-cultivation time 
duration, concentration of the selective antibiotic) with impact on the efficiency of the transformation procedures were 
studied. Three transformation methods were compared: (i) spilling drops of bacterial suspension on the explants; (ii) 
injuring explants and dipping them into the bacterial suspension; (iii) injecting plantlets. Favorable and frustrating 
conditions were observed and discussed. 
 
Key words: endangered plant, genetic transformation, golden root, in vitro propagation 
 
INTRODUCTION  
Genetic transformation is one the most popular 
method for increasing production of the 
secondary metabolites. Some economically 
important species were transformed by 
Agrobacterium rhizogenes to obtain 
transformed hairy roots. If the intact plant 
synthesizes a large quantity of biologically 
active substances, then their production could 
be increased significantly by transformed roots 
cultures as well as by transformed plantlets 
regenerants [12,16, 34]. The manipulations and 
optimization of the procedures for root 
transformation are usually the same like the 
other systems for in vitro cultivation and 
depend of the plant, the variety or cell line, 
nutrient media, the precursors, etc. [17]. The 
transformed “hairy root” culture obtained by 
Agrobacterium rhizogenes infected cells often 

maintain stable and high productivity on 
nutrient media free of phytoregulators [31]. 
Several species of the family Lamiaceae were 
transformed by A. rhizogenes for production of 
polyphenolic antioxidants. In „hairy roots” 
culture of Salvia officinalis (Salvia) the 
antioxidant activity and the level of rosmaric 
acid were higher compared to the 
untransformed tissue and organs [14, 15]. The 
efficient systems for production of “hairy 
roots” with similar action were established for 
some important medicinal species such as 
Atropa belladonna (Atropa, Solanaceae) [29], 
Artemisia spp. [5], species Duboisia hybrid and 
Datura metel (Solanaceae) [21], Papaver 
somniferum (Papaver, Papaveraceae) [26], 
Panax quinquefolius (Panax, Araliaceae) [28] 
and Taraxacum platycarpum (genus 
Taraxacum) [20], Hyssopus officinalis 
(Hyssopus, Lamiaceae) [10], Salvia 
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miltiorrhiza (Salvia, Lamiaceae) [38, 39], 
Ocimum basilicum (Ocimum, Lamiaceae) [1], 
Coleus blumei (Solenostemon) [2]. However, 
the plant regeneration was possible for some 
species but not for other important, medicinal 
plants as G. biloba (Ginkgo, Ginkgoaceae) [31] 
for example. The systems for micropropagation 
and transformation of Solanum laciniatum 
(Solanum, Solanaceae) by A. rhizogenes strain 
ATCC 15834 was established using leaf 
explant from in vitro propagated plants [23]. 
The levels of biological active substances in the 
hairy root culture were 0.3% to 1% higher than 
in vitro and in vivo developed shoots and 
plants. Using plant buds Wysokinska [37] 
obtained transformation of Catalpa ovata 
(Catalpa, Bignoniacea) by A. rhizogenes (A4, 
LBA 9402, ATCC 15834, TR 105) and 
increased some glycosides levels in the „hairy 
roots”. 
Rhodiola rosea (Golden root, Rose root) 
(Rhodiola genus, Crassulaceae family) is a 
succulent medicinal plant with limited area of 
distribution, grows in cool regions of the world. 
Its roots and rhizomes contain biological active 
substances with high antioxidant activity, 
which are used in prevention and treatment of 
socially important diseases. Genetic 
manipulations in vitro are on of the ways to 
increase the level of biological active 
components.  
The objective of the present work was to study 
the possibilities for genetic transformation of 
Golden root aiming at stimulation of secondary 
metabolite production in vitro. 
 
MATERIALS AND METHODS  
 
Agrobacterium strain. Agrobacterium 
rhizogenes strain ATCC 15834 was used in the 
experiments. Agrobacterium rhizogenes is a 
soil born, Gram negative, aerobic bacterium. 
The bacterium has one, two or tree plasmids, 
one of them carrying genes for induction of 
roots type „hairy roots”. Agrobacterium 
rhizogenes 15834 strain has root induction Ri 
plasmid - pRi15834. Agrobacterium rhizogenes 
strain 15834, inducing „hairy roots” formation 
in plants contains three large plasmids: 
pAr15834a (107 x 106 daltons), pAr15834b 

(154 x 106daltons) and pAr15834c (258 x 106 

daltons) [30]. Agrobacterium rhizogenes strain 
15834 (used in the present experiments) is not 
included in the List of biologically active 
agents and is not considered biological hazard, 
hence, obtained genetically modified organism 
is not harmful.  
 
Initial plant material. The transformation was 
performed using five different types of plant 
material: stem segments with leaves, stem 
segments, leaf segments, callus and entire 
plants obtained in vitro. 
 
Dose response curves (LD 50). Two different 
types of tissue - (i) leave explants from in vitro 
propagated plants (ii) calli obtained from leave 
explants from in vitro regenerants were used to 
draw the dose curve and to define LD50 for 
survival against the antibiotic action. The 
explants were cultivated on MS basic medium 
with addition of claforan in different 
concentrations (100, 150, 200, 250, 300, 350, 
400, 450, 500, 550 and 600 mg/l). The survival 
rate was recorded on the 7th, 14 th and 20 th day 
taking in consideration the survival of the 
explant and its growth.  
 
Nutrient media. The following nutrient media 
were used in the experiments:  
(1) YEB media (for 1 liter) for cultivation of A. 
rhizogenes [6] containing 5.0 g/l pepton, 1 g/l 
yeast extract, 5.0 g/l casein of animal origin, 
5.0 g/l sucrose, 0.5 g/l MgSO4, 8 g/l bacterial 
agar-agar, pH 7.0 – 7.2. 
(2) Murashige and Skoog nutrient medium 
(1962) [22] enriched with 30 g/l sucrose and 7 
g/l agar-agar for cocultivation of the plant 
explants. 
(3) MSZ1 nutrient media for in vitro plant 
propagation containing basic Murashige and 
Skoog medium, 2.0 mg/l zeatin, 0.2 mg/l IAA, 
30 g/l sucrose and 7 g/l agar-agar (pH 5.7 - 
5.8). 
The nutrient medium was sterilized by 
autoclaving at pressure of 1.1 kg.cm-2 and 121o 

C for 15 or 20 minutes for the bacteria material 
and for the plant material, respectively.  
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Agrobacterium activation. The Agrobacterium 
was stored at low temperature (4o ) and was 
activated prior to DNA transfer. For this 
purpose, a single bacterial colony was plated on 
solid nutrient medium in a Petri dish, then (one 
week later) a single bacterial colony was 
inoculated into 15-20 ml YEB medium in flasks 
(100 ml volume). The flasks were kept on a 
shaking machine (velocity 200, amplitude 3.5, 
(16 rad/s) at temperature of 28  for 18-20 h 
for bacteria activation and growth (‘overnight 
culture’). Bacterial density was determined 
spectrophotometrically by measuring the 
extinction (Spekol 10) at 600 nm wave length. 
The necessary bacterial density was reached by 
appropriate dilution with YEB medium. 
Overnight culture of Agrobacterium rhizogenes 
strain  15834 reaches mid-log phase 
(OD600 = 0.5) for 24 h at temperature of 28o C. 
The bacterial density of 5.109 cells/ml is 
defined by extinction of 1 at  of 600 nm. 
Tree methods for infection were tested:  
(1) Leaf and stem segments from in vitro 
propagated plants were used as explants. They 
were placed in Petri dishes with nutrient media 
and dropped with Agrobacterium suspension 
allowing infection of some of the plant cells. 
The explants were cultivated on MS medium 
without phytoregulators and antibiotics.  
(2) Leaf and stem segments, and calli from in 
vitro plants were used. They were injured and 
dipped into the Agrobacterium suspension for 
different time duration (10 and 15 min) and 
were transferred onto MS medium without 
phytoregulators and antibiotics.  
(3) The in vitro obtained Rh. rosea plants in the 
test tube were punched by a thin needle 
attached to a syringe containing suspension of 
A. rhizogenes strain 15834. A tiny drop was 
injected into the tissue avoiding leakage on the 
media. Treated plants were cultivated on MSZ1 
medium for organogenesis  
2). Co-cultivation was in dark at temperature 
of 21-22o  till bacterial growth around the 
infected sites was observed.  
3). Post cultivation procedure consisted of 
rinsing the explants with dH2O, dried up with 
filter paper and transferred to selective medium.  
Co-cultivation with the bacterium lasted 3 days 
when the first and the second methods were 

applied. Infected explants were transferred to 
basic MS medium without phytoregulators but 
containing 3 % sucrose, 0.7 % agar and 0.50 g/l 
antibiotic Claforan (500 mg/l) preventing 
bacterial growth. Claforan’s concentration was 
decreased after 10 days to 400, 300 and 250 
mg/l till the complete extinction of the bacteria. 
4). Cultivation of the explants was in dark at 
24 . The selective medium was changed each 
10 days with reduction of the antibiotic.  
Two types of leaf disks and calli served as 
control: 

1 – noninjured leaves/calli fron in vitro 
obtained uninfected with Agrobacterium plants 

2 – injured leaves/calli fron in vitro obtained 
uninfected with Agrobacterium plants.  
Experiments from 88 to 140 explants were 
tested in the transformation, and from 30 to 50 
explants were used in the control. Experiments 
were repeated from 4 to 6 times. Cultivation 
was under two regimes – in dark and in dim 
light.  
 
RESULTS AND DISCUSSIONS 
 
The basic approach in the experiments to 
develop a system for gene transfer in golden 
root was the modification of the existing 
methods for transformation used for other 
plants. Important factors for successful genetic 
transformation are a reliable system for in vitro 
propagation and cultivation, easy maintenance 
and high efficiency organogenesis and 
estimation of the follow parameters: 
(1) Determination of the influence of the 
selective factor – drawing of the dose response 
curve to specify the sublethal and lethal doses 
of the antibiotic;  
(2) Determination of the optimal bacteria 
suspension density.  
 
It is important for genetic transformation to 
achieve a previous development of a system for 
the in vitro cultivation in order to give 
possibilities for effective organogenesis and to 
obtain large number of plant for the short 
period. This system was used in these 
experiments [32]  
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Dose response relationship (LD50). The dose 
curves were created using leaf explants and 
callus cultivated on MS nutrient medium with 
addition of different concentrations of the 
antibiotic Claforan. Claforan sublethal 
concentration LD50 was 400 mg/l both for the 
leaf explants and for the calii (Figures 1A and 
B). 
 

 
A 

 
B 

Fig. 1. Dose response curve for claforan survival on:  
A - leaf explants; B – callus 

 
Transformation. Application of the first 
method when the explants were placed on MS 
medium in Petri dishes and dropped with 
suspension of A. rhizogenes  15834 
usually lead to the development of severe 
infection. The subsequent procedures for 
elimination of the bacteria were accompanied 
with tissue death. 
The presented results showed that most of the 
leaf explants were dead and/or reinfected 
followed by the necrosis of the tissue. About 6 
% of the leaf explants initiated callus formation 
on the 12th day from cultivation at extinction 
0.42 of the bacterial suspension for 15 minutes 
(Table 1). 
In case of the infection of a whole in vitro 
propagated plant (in test tube), bacterial 
infection usually did not develop and plants 

survived and grew, however, without formation 
of roots.  
 

Table 1. Transformation effectiveness on the  
A. rhizogenes strain ATCC 15834 using leaf explants 

isolated from 15-20-days old in vitro propagated plants 
after cultivation on MS medium containing 400 mg/l 

claforan (co-cultivation with bacteria for 3 days in dark) 
 

Explant
s 
[number
] 

Extincti
on 

Infection 
time  
[min] 

Characteristics 
 

1  0.713  Necrotic tissue 

2 200 0.696 15 Reinfection and 
necrosis of the 
tissue  

3 140 0.659 15 Necrotic tissue 
on the 7th day  

4 80 0.500 15 Necrotic tissue 

5 140 0.490 15 Necrotic tissue 

6 120 0.458 15 Reinfection and 
necrosis of the 
tissue on the 2nd 
week 

7 250 0.440 15  Necrotic tissue 
on the 15th day 

8 300 0.420 15  6% callus like 
formations 

9 220 0.600 10  Necrotic tissue 
on the 12th day 

10 320 0.425 10  Necrotic tissue 
on the 18th day 

 
Transformation of calli. The callus tissue was 
heavily infected, being very difficult to 
eliminate the bacteria. Calli underwent necrosis 
followed by death within a period of 2 to 4 
weeks. 
Infected explants were cultivated on MS 
medium containing antibiotic Claforan for 
elimination of the bacteria. The concentration 
of the antibiotic was not less than 400 mg/l. In 
our experiments, addition of 250 mg/l and 300 
mg/l led to recurrence of the bacteria infection 
within 2-3 days (explant reinfection). 
Suppression of recurrent bacterial growth was 
suppressed by increasing the antibiotic 
concentration up to 400 and 500 mg/l. 
However, most often the largest part (more than 
85%) of the cases led to lethality, making calli 
unsuitable object of transformation (Fig. 2, 3 A 
and B). 

 
135



 

 
Fig. 2. Co-cultivation of the leave explants from in vitro 

propagated plants with A. rhizogenes strain 15834 (on the 
3rd day of infection). 

 
 

Stem segments proved to be unsuitable object, 
too, but due to another reason. In 10 % of the 
cases, these explants formed roots, which were 
typical for the plant without being transformed. 
The methods for thr transformation of the plant 
genome by Agrobacterium exploit the 
pathogenic infection processes [8]. Usually, the 
initial reaction of the plants to the pathogenic 
attack is oxidative stress with fast and short-
term production of free radicals [35]. This 
reaction of the plants is the defensive 
mechanism as far as the reactive oxygen 
species (ROS) as active radials can destroy the 
bacteria or suppress their growth [36]. The 
production of the free radicals usually results in 
super sensitivity towards the pathogen, leading 
to the fast cell death (necrosis) [8, 13], which 
was observed for the most of the explants used 
in our experiments.  
 

         A. 

         B 

         B 
Fig. 3. Leave explants on the 55th day with reduced 

concentration of claforan (A – control; B – transformed 
explants). 

 
The mechanisms of interaction between 
Agrobacterium and the plants are not fully 
understood yet. Some authors report about 
necrosis and poor survival rate of the target 
plant tissue after transformation by 
Agrobacterium [4, 7, 8, 9, 10, 11, 18, 24, 25, 
27, 33, 40]. Another problem is the inability of 
the plant cell culture to respond in a desired 
way to achieve results [3]. Even so, under 
normal conditions in culture, without 
transformation many plants are unable to 
respond during manipulations in in vitro culture 
- "in vitro recalcitrance is attributed to several 
factors but the exact reasons remain unclear so 
far [3]. In the future, one of the ways for a 
successful genetic transformation might be the 
suppression of the high antioxidant activity 
which, in fact, is one of the most useful 
components of the defensive system of plants. 
In this respect, difficulties with Agrobacterium 
transformation of Rhodiola might be expected.  
 

CONCLUSIONS 
 
The article represents the possibilities of 
biotechnological methods to increase the 
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biological active substances in Rhodiola rosea. 
The obtained results could be used as a basis to 
determine the optimal parameters for effective 
genetic transformation. The latter could be an 
alternative way for secondary metabolites 
production under laboratory conditions for the 
protection and conservation of this endangered 
species.  
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Abstract 
 
The first-generation transgenic cotton (Gossypium hirsutum L.), Bollgard, which contains a single toxin protein gene 
cry1Ac from Bacillus thuringiensis var. kurstaki Berliner, was approved by the National Biosafety Committee (NBC) for 
commercial growing in Pakistan in 2011 and the yield enhancement is promising, with an increase in cotton bales up to 
150 million- the record productivity of the cotton sector. However, the planting of illegal Bt cotton varieties in farmers 
fields could be traced as back as in 2003. The wide spread cultivation of these mixed character (varying expression of 
Bt toxin) varieties has threatened the potential evolution of resistance in target insects. After two years of field trials for 
agronomic and ecological assessment, the commercialization of another GM event, MON89034xNK603 is imminent. 
The purpose is to provide an effective control of lepidopteran insect pests in maize crop to reduce a reliance on 
chemical pest control as well as a flexible, environment friendly utilization of glyphosate based weedicides. This review 
presents a situation analysis for the need of this technology in Pakistan. Aspects regarding the previous adoption of GM 
cotton are discussed to pre-determine the prospects and potential risk of cross resistance between MON531 and MON 
89034. It is necessary because partial control of lepidopteran insects especially Helicoverpa spp. (Helicoverpa 
armigera, Helicoverpa zea), Pectinophora gossypiella, Spodoptera littoralis, Spodoptera exigua, Earias vittella, Earias 
insulana without structured refuges for the Bt crop provides a basis for an increase in frequency of resistant alleles.  
 
Key words: cross-resistance, maize, management, genes pyramiding, refuge 
 
INTRODUCTION  
 
In Pakistan, maize is a multi-purpose food and 
fodder crop, generally grown in Khyber 
Pakhtunkhwah and Punjab provinces which 
make up 98% of total area under this crop. The 
crop accounts for 4.3% of the total cropped area 
and 2.5% of the value of agricultural output. It 
covers an area of 1.11 million hectares with an 
average yield of 3.62 t ha-1 [15]. It is the third 
most important cereal after wheat and rice and 
is usually grown by a vast majority of resource-
poor farmers.  
Main productivity constraints include weeds 
and insect pests. Chilo partellus, Helicoverpa 
armigera, Helicoverpa zea, Spodoptera spp., 
Agrotis ipsilon, and Atherigona spp. are the 
major insect pests and the loss may range 10-
70% depending upon the pest intensity.  
Chemical control of insect pests is common i.e. 
stem borer and shoot fly can be controlled by 
application of insecticides such as Furadan 
granules or by spray of Karate, Monitor, 
Fenvelerate etc. 

Common weeds include mostly broad leaf 
weeds such as Circium arvense, Polygonum 
convolvulus, Convolvulus arvensis, 
Chenopodium album, Ranunculus arvensis, 
Stelaria media, and Setaria viridis. For the 
seasonal weeds, a spray of Primextra Gold 
before the sprouting is recommended. In case 
of perennial weeds in rain fed areas, a spray of 
Round Up (glyphosate based) before land 
preparation on standing weeds is practised. 
In order to avoid harmful effects of pesticides 
[19] and led by the successful adoption of 
mono-trait transgenic technology for insect and 
weed control in various crops in a number of 
countries around the world, there is a sense of 
urgent need of adoption of the second 
generation biotechnology traits in Pakistan. So 
far, only one transgenic crop, MON531 cotton 
has been formally commercialized.  
 
MATERIAL AND METHOD  
 
A review of contemporary agricultural policy 
regarding the field evaluation of GMCs and the 
handling of trials’ data by the monitoring 
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committees in Pakistan is carried out. Visits to 
the concerned Government departments, 
individual meetings with relevant scientists and 
consultation of a vast literature about the 
genomic structure of maize and its modification 
process make up various sources of data and 
information. 
 
RESULTS AND DISCUSSIONS 
 
FIELD EVALUATION OF MON89034 x 
NK603 
In Pakistan, the trials were set up Okara and 
Sahiwal regions which are main maize growing 
areas. The data collection and comparison of 
performance of transgenic maize hybrids with 
that of the conventional hybrids continued 
between 2008-2010. The purpose was to 
monitor for the agronomic/ phenotypic 
characteristics, ecological interactions, gene 
expression, bio-efficacy, weed control with 
glyphosate herbicides and crop safety in 
domestic agricultural environment prior to its 
formal release. The data was yearly reported to 
the vigilant subcommittee of the technical 
advisory committee (TAC).  
In 2010, the producer company Monsanto 
submitted an application dossier to TAC 
containing scientific details of all trials seeking 
license to commercialize event VT Double Pro 
(MON 89034 X NK603). TAC forwarded a 
positive assessment report to the National 
biosafety committee (NBC) -the final authority 
for authorization to new GM events in the 
country. In this wake, the commercialization of 
the triple gene stacked technology is imminent. 
 
STACKED GENE EVENT (MON 89034 X 
NK603) 
The transgenic event is a combination of two 
individual genetic transformation i.e. NK603 
(ep4 epsps) to provide tolerance against 
glyphosate-the active ingredient of a number of 
weedicides primarily for the control of broad 
leaf weeds in maize and MON 89034 
(cry1A.105+ modified cry2Ab2- T-DNA I)) 
which is produced by transformation through 
Agrobacterium tumefaciens-mediated gene 
transfer excluding the nptII expression cassette 
(T-DNA II). The MON 89034 event is resistant 
against Lepidopterans and is commercialized in 
nine countries including USA and Canada 

whereas other countries such as, Australia, EU, 
Japan, and N. Zealand although gave positive 
assessments on the field evaluation data from 
Monsanto, have opted for its use as food, feed 
and industrial processing only. 
MON 89034XNK603 combines the previously 
existing transgenic events by traditional 
breeding methods. It involves the separation of 
traits into an herbicide tolerance trait stack on 
one inbred parent line and an insect resistance 
trait stack on the other inbred parent line. Pure 
bred lines of these individual stacked lines are 
generated by multiple backcrosses and then 
combined. It consists of three basic steps: 

I. cry2Ab2 
 

Single varietal plant 
 

Transformed plant 
X 

Parent plant 
 
 

Stable transformed event                       
 

Selfing                   
 

Backcross 
 
The same process is repeated for cry1A.105 
and the two parent pure bred transgenic plant 
lines are crossed to yield a double stacked 
event. 

II. cry1A.105 Hybrid X cry2Ab2 
 

Hybrid MON89034 
 
III. The event MON89034 is crossed with 
transgenic parent line of NK603 event by 
conventional breeding to yield a triple transgene 
stacked event. 
Monsanto produced the comparison data for 
GM maize MON89034 by comparing the 
transformed LH198 x LH172 hybrids to three 
commercially available isogenic conventional 
maize hybrids, the commercial varieties being 
different at each of five trial sites, in the year 
2004 in USA and in 2004-2005 in Argentina. 
The growth of such stacked genes maize seems 
typically to rise due to a broad spectrum control 
of weeds and insect pests along with reduced 
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regulatory costs due to minimum evaluation 
required prior to their commercial release. 
However, during the after-release monitoring 
procedure, each individual transgenic trait is 
evaluated separately for its ecological 
interactions. 
 
CHEMICAL COMPOSITION OF THE 
TOXIN 
Cry proteins produced by Bt share a similar 
tertiary structure and the classification of cry 
genes is based upon amino acid homology in 
various domains of the Cry toxin. The toxins 
with more than 90% amino acid homology in 
the toxins are classified together with a three 
letter nomenclature for novel genes such as 
Cry1Aa, Cry1Ab, CrylAc, etc. The protoxin 
consists of N-terminal and C-terminal regions. 
The N-terminal region is the active toxin and 
comprises of domains I, II and III. Domain I 
affects the ionic homeostasis across the brush 
border mosaic vesicle (BBMV) through the 
formation of cation selective pores. Both 
domains II and III are involved in the 
identification and binding of the toxin with the 
specific receptors in BBMV. Thus the 
configuration of amino acids in the protein 
domains determines the host range [4]. C-
terminal sequence relates to the crystalline 
structure of Bt proteins and is cleaved off 
during the initial proteolytic digestion of the 
protoxin-the process which yields the active 
toxin.   
Cry1A.105, although a Chimeric gene, belongs 
to the cry1A class of genes and thus the protein 
possesses a large portion of identical amino 
acid sequence with Cry1Ac and Cry1Ab toxins. 
The Cry1A.105 protein being a synthetic Bt 
protein consists of domains I and II of 
Cry1Ac/Cry1Ab protein, Domain III of Cry1F 
protein, and the C-terminal domain of Cry1Ac 
protein. Overall, it has an amino acid sequence 
similarity of 90.0%, 93.6% and 76.7% with 
Cry1Ab, Cry1Ac and Cry1F proteins, 
respectively. 
The Cry2Ab2 protein is a variant of the wild-
type Cry2Ab2 protein isolated from Bacillus 
thuringiensis subsp. kurstaki and shares more 
than 95% amino acid sequence homology with 
Cry2Ab class of proteins. The cry2Ab2 gene 
expressed in MON 89034 has been slightly 
modified for an optimised expression of the 

codon in the plant. Cry1A.105 and Cry2Ab2 
proteins have different primary structures with 
only 14% of amino acid sequence similarity 
and thus no synergistic effect of cry1A.105 and 
cry2Ab2 genes is presumed. 
 
POTENTIAL CROSS RESISTANCE IN 
TARGET INSECTS 
Resistance to a Bt toxin is a genetically based 
decrease in the frequency of susceptible 
individuals to a toxin and is usually caused by 
an extensive exposure of the target pest 
population to the toxin. Cross resistance is the 
tolerance to another toxin as a result of prior 
exposure to a similarly acting substance. It 
occurs due to a similarity of the amino acid 
sequences in the protoxins and the overlapping 
of binding sites which can bind to more than 
one Cry protein [12]. Cross resistance has been 
reported in a few lepidopteran pests e.g. in Bt 
maize and Bt cotton [25]. 
Following are the most important potential 
factors which may exacerbate the evolution of 
resistance in target insects, in case the new Bt 
maize is commercialized without 
accompanying resistance delaying tactics (Fig. 
1). 
The control efficacy of Bt cotton is dependent 
upon the extent of constitutive expression of the 
cry genes and the temporal, spatial and 
environmental variation of toxin quantity exerts 
an insufficient control of targeted insects 
resulting in an evolution of the resistance to Bt 
cotton. Helicoverpa zea exhibits a strong 
preference for the flowering stage of its hosts 
and cotton is susceptible to damage especially 
after senescence of preferred alternative hosts 
such as maize, soybean, and tobacco. The 
expression of these preferences is dependent 
upon the temporal and spatial availability of the 
desired developmental stages of these plant 
hosts. Due to spatial and temporal changes in 
toxin productivity, the mono-trait transgenic 
Cry1Ac cotton is reported to provide only a 
partial control of target insect pests especially 
H. armigera, H. zea, and P. gossypiella [21]. 
However, Bollgard II with cry1Ac and cry2Ab 
genes is shown to delay the resistance evolution 
in Helicoverpa zea in transgenic cotton 
provided that both of the transgenes are 
expressed sufficiently through all susceptible 
stages of the target insect [29]. 
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Fig. 1. Potential factors for enhancement of resistance evolution 
 

However, several studies indicate that in 
Bollgard II, the expression of Cry1Ac protein 
tapers off towards the crop maturity and the 
control of Helicoverpa zea at late growth stages 
mainly depends upon the relatively stable 
expression of the toxin quantity from cry2Ab 
gene [16]. In case of in-sufficient expression of 
cry2Ab gene and an already existing population 
with resistant alleles on an alternative host 
crop, the increase in resistant insects is 
expected to rapidly diffuse through populations 
in all cropping areas as occurred with synthetic 
pyrethroids in the recent past [13]. The low 
expression of Cry2Ab toxin in Bollgard II is 
shown to increase the frequency of resistant 
alleles in Helicoverpa armigera in Australia 
where the resistant insects could tolerate upto 
15 fold doses of the expressed upper level of 
cry2Ab [9]. Cry2Ab resistant H. armigera are 
also found resistant to Cry2Aa and Cry2Ae 
toxins in Australian populations [6], which 
suggest a low success of substituting the 
existing Bollgard II cotton with other 
transgenic events which carry Cry toxin from 
the Cry2A class in this agricultural landscape. 
Cry1Ab and Cry1Ac toxins share more than 
95% amino acid homology, 49-52% N-terminal 
sequence and a common binding site. 
According to L. Xu, et al. (2010), the 
Helicoverpa armigera selected for Cry1Ab 
resistance has varying levels of cross-resistance 
to other Cry1A proteins. Cry1Ah sequence is 
most closely related to Cry1Ac with 88% 
amino acid identity and the insects resistant to 
Cry1Ah are found resistant to Cry1Ac toxin. 
However, genes belonging to cry1A and cry2A 
classes are known to have different attachment 

sites on the BBMV in H. zea, H. armigera and 
P. gossypiella and the insects possess a low 
potential of cross resistance between the two 
types of cry genes. According to Anna Estela, 
et al. (2004) Cry1Ac does not share binding 
sites with cry2Ab and single mutations in field 
populations are unlikely to confer cross 
resistance between the toxins. Moreover, 
Cry1Ac-resistant P. gossypiella, and H. 
armigera show no detectable cross-resistance to 
Cry2A proteins [2]. Thus the pyramiding of the 
two Cry toxins in MON89034 with different 
target sites is predicted to delay resistance 
evolution among the target pests especially 
Helicoverpa spp. which usually has 3-4 
generations per cotton season and is innately 
moderately resistant to the Cry toxins. 
However, it pre-determines the condition that 
the resistance to one or more toxins does not 
already exist and resistance delaying strategies 
are implemented by the farming community 
because there is evidence for broad cross-
resistance (low levels of resistance) for Cry1A 
and Cry2A in laboratory-selected strains of H. 
zea which indicates a low potential for cross-
resistance through a range of other Bt resistance 
mechanisms [10]. 
The field evaluation data reveals a low 
likelihood of cross-resistance between 
cry1A.105 and cry1Ab; and between cry2Ab2 
and cry1Ac [3]. In transgenic sugarcane the 
Cry1Ab toxin resistant D. saccharalis 
demonstrated only a low level (4-fold) of cross-
resistance to Cry1A.105 and had no cross-
resistance to the Cry2Ab2 [32]. It suggests the 
existence of independent mechanisms or target 
sites for Cry1A.105 and Cry1Ab toxins. 
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Low Gene 
expression

Chemistry of toxins 

Increase in resistant 
insects 
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resistant allele 

frequency 
Similar upcoming 
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However, the Cry1Ab resistant strain of D. 
saccharalis exhibits cross resistance to toxins 
belonging to the same class i.e Cry1Aa and 
Cry1Ac suggesting a common binding site. 
The release of Cry1A.105 (stacked genes in 
transgenic maize exert their influence 
independently) in a scenario of previously 
existing Cry1Ac cotton eludes to a rapid build 
up of cross resistance in Helicoverpa sp. on 
maize and cotton. According to EFSA (2009), 
the issue of potential cross-resistance between 
Cry1A.105 and Cry1Ac has not been elaborated 
in dossier of MON 89034.The possibility of 
such cross resistance may impact long term 
durability of the transgenic event. It is one of 
the reasons that MON89034xNK603, although 
permitted for use as food and feed is not 
granted the permission for large scale 
cultivation in EU where cry1Ab event already 
exists. 
The resistance in Lepidoptera insects is 
principally a homozygous recessive trait it and 
the majority of the heterozygous progeny is 
disabled or killed at a high dose of LD99. 
Similarly, the resistant individuals face a 
competitive disadvantage due to a fitness cost 
incurred by carrying the resistance allele. The 
refugia facilitate simultaneous/random mating 
to dilute the frequency of resistance alleles. The 
planting of Bt cotton (and Bt maize) in Pakistan 
without refuge set up may invalidate the 
prospective usefulness of transgenic maize for 
control of insect pests. High dose/refuge 
strategy is the primary requirement for planting 
Bt crops in USA, Canada and other Bt crops 
producing countries. The regular monitoring of 
the commercialized transgenic events for 
ecological interactions support the fact that the 
cry1Ab and cry1Ac mono trait transgenic events 
have not resulted in any resistance build-up in 
target pests in USA and Canada where the 
compliance to refugia is more than 86 and 90% 
respectively.  
A widespread planting of below-the-threshold- 
toxin producing illegal Bt cotton [24] varieties 
was common place before 2011 when the Bt 
cotton (MON531 event) was commercialized. 
Because of concerns with potential resistance 
evolution to Bt proteins, the agriculture 
department maintains that each Bt cotton field 
must be surrounded by a non-Bt refuge of a 

popular non-Bt hybrid on at least 20% of the 
field area. However, the field reports indicate a 
disregard to its compliance on a large scale 
primarily due to a lack of extension services to 
the farmers. Moreover, many agriculturists 
maintain that there is no need of refuge 
compliance because a diversity of alternate host 
plants which exist in the vicinity of cotton 
fields are sufficient to dilute the frequency of 
resistance alleles in targeted insects. Thus 
today, when country-wide adoption of Bt cotton 
is more than 90% the situation implies an 
extensive noncompliance to refuge set up. The 
non refuge policy is practised on a large scale 
in China and India as well [32]. 
However, the policy of non compliance to 
refuge strategy has not been successful as there 
are reported cases of field resistance in H. 
armigera populations to Cry1Ac cotton in 
China, in Pectinophora gossypiella to Cry1Ac 
cotton in India, in S. frugiperda to Cry1F maize 
in Puerto Rico and in Busseola fusca to Cry1Ab 
maize in South Africa. 
Bt cotton has comprised approximately two 
third of the total area under cotton in China 
since 2003. There is no refuge requirement for 
planting of Cry1Ac cotton, and (as is the case 
in Pakistani agricultural scenario), it is not 
known whether natural refugia are sufficient to 
prevent an increase in resistance alleles. 
However the studies indicate a transient build-
up in frequency of resistance alleles where the 
field surveys show that the numbers of H. 
armigera eggs laid on Bt cotton plants 
increased consistently from 2003 to 2007 [22]. 
A resistance monitoring for 9 years (1999-
2007) indicates that the frequency of the 
Cry1Ac resistance allele in H. armigera 
populations in Qiuxian County (northern 
China) increased from 0.0058 in 1999 to 0.091 
in 2007. Moreover, the bioassays with purified 
Cry1Ac toxin have also demonstrated that 
populations collected from Bt cotton plants in 
2007 were significantly less susceptible to 
Cry1Ac toxin than a laboratory susceptible 
colony [22]. 
In India, results show increase in the LC50 of 
Cry1Ac for H. armigera from 200-2002 to 
2004-2006 in four major cotton growing 
regions [18].In the 2004-2006 data, eight of 
12(67%) of the field derived strains tested had 
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resistance ratios >10 and one strain from the 
Bhatinda region had a resistance ratio of 120. 
The report indicates a partial or an entirely 
decreased potency of the toxin over time. The 
increase in frequency of resistance allele is 
attributed to non compliance to refuge set up 
and the planting of illegal varieties especially in 
Gujrat where such germplasm comprised upto 
26% in during 2007/2008 [20]. 
Cry1F maize has been withdrawn from 
commercial cultivation in Puerto Rico due to 
multiple cases of reported resistance 
development in target insects. The adoption rate 
for Bt maize in Puerto Rico is not available, but 
it is believed to have been very high with little 
or no refuge in the regions where resistance to 
Bt maize occurred in S. frugiperda.  Laboratory 
bioassays in 2007 documented that insect 
populations collected from two regions -Santa 
Isabel and Salinas, (about 10 km apart) were 
>160-fold more tolerant to Cry1F toxin than a 
laboratory susceptible strain [27].  
Similarly, the  non compliance to refuge 
strategy in South Africa led to development of 
resistance in African stem borer, Busseola fusca 
Fuller (Lepidoptera: Noctuidae), to Cry1Ab 
maize. Cry1Ab maize hybrids provide effective 
control of B. fusca in the vegetative growth 
stages of maize during the first growing season 
(1998/1999) so after its introduction, the 
adoption of Bt maize in South Africa increased 
rapidly, approaching 1.61 Mha in 2009 i.e. 67% 
of South Africa’s total maize area [31]. 
However in the same year of 2009, damaged 
plants and diapausing larvae of B. fusca were 
observed on various Bt maize hybrids which 
highlighted a low dose production by Bt maize 
plants-not sufficient for killing of B. fusca. The 
underlying reason was the non compliance of 
maize producers to plant non-Bt refuge maize 
which would place a very high selection 
pressure on the field population of B. fusca 
thus, leading to resistance. 
There is a dearth of peer reviewed data about 
the expression of cry1A.105 and cry2ab2 in 
MON89034.The expression of a transgenes is 
influenced by a host of factors such as 
photosynthesis [1], soil quality [17], nitrogen 
fertiliser [5], plant part and growth stage [23]. 
The results are often varied with respect to 
protocol adopted for quantification [8]. 

Moreover, the counter check of the field data 
submitted from the producer company is a hard 
task to accomplish given the scarcity of 
research facilities. 

 
CONCLUSIONS  
 
The factors for a successful adoption include 
strict ecological monitoring of the transgenes, 
regular field monitoring for cases of resistance 
evolution at early stages, compliance of the 
refuge by the farmer community and a multi 
stage independent field research in Universities 
and agricultural organizations to counter check 
the validity of data submitted from the producer 
company. 
The chemical composition of the genes 
Cry1A.105 and Cry1Ac shares structural 
similarity and there are cases of broad cross 
resistance between different classes of 
transgenes. The non compliance to refuge and 
the previous non availability of data regarding 
the frequency of resistant alleles (which seems 
very high due to illegal planting of Bt cotton 
before formal approval) suggest a strong 
possibility of resistance evolution in target 
insects. For the pest population of Helicoverpa 
zea and Helicoverpa armigera with resistance 
to Cry1Ac on cotton, Bt maize with Cry1A.105 
may act like a consumable plant tissue with 
control primarily achieved by modified 
Cry2Ab2 only. If so, for these Cry1Ac resistant 
populations, the potential benefits of 
pyramiding two toxins will not be fully realized 
in terms of delaying resistance.  
The dilemma among agriculturists in the 
country revolves around how to compromise 
between the conflicting goals of delaying 
resistance (which favours complete compliance 
to resistance management strategies) and 
minimize constraints on farmers (which favours 
minimal regulation). Thus, introduction of 
MON 89034 into a landscape dominated by 
Cry1Ac cotton varieties may maximize the rate 
of Cry1A resistance evolution in insect pests. 
And according to Zhao, et al. (2005) “If market 
forces result in a complicated mix of one- and 
two-gene Bt plants, the impact of the 
pyramided Bt plants on slowing resistance 
evolution could be undermined.” 
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Currently, there are a number of transgenic 
maize technologies in the international market 
which offer an effective control of insect pests 
and weeds of maize  and the release of NK603 
event combined with a transgenic event 
carrying an entirely different class of cry gene 
may resolve the issue of cross resistance in 
insects (Table 1).  
There is a need for the adoption of transgenic 
technology with a proper compliance to refuge 

strategy at least in those areas where maize and 
cotton crop are grown simultaneously such as 
districts of Multan, Sahiwal and Faisalabad in 
Punjab. For an efficient insect control, IPM and 
better extension services will not only prevent 
the resistance evolution in target pests in cotton 
but also pave the way for a durable introduction 
of other would-be available transgenic crop 
events. 

 

Table 1. Available transgenic maize products with alternative class of transgenes 

Trait 
developer(s) 

Product name Transgenic 
event(s) 

Trait genes Trait targets 

Dow 
AgroSciences 
and Pioneer     
Hi-Bred 

Herculex® CB TC1507 Cry 1Fa, pat Lepidopteran pests; 
Weeds 

Dow 
AgroSciences 
and Pioneer     
Hi-Bred 

Herculex® XTRA 
/Roundup 
Ready® 2 

DAS-59122-
7, TC1507, 
NK603 

pat, CP4 EPSPS, 
Cry34Ab1, 
Cry35Ab1, 
Cry1Fa2 

Lepidopteran and 
coleopteran pests; 
Weeds 

Source: GM Crop Database [14]  
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Abstract 
 
The important demand for non-pollutant eco-agrifood products, with a reduced level of harmful influence on human 
health, requires increasing concern for the production, management and marketing of agricultural products (poultry 
included), obtained under ecological conditions.The research presented in this paper is also related to this context, both 
by settling the qualitative and quantitative features of eco-chickens and a likely decrease of production costs by varying 
the values of energy and protein within the mixed fodder structure used for these chickens.Our research was performed 
on 150 birds (Ross 308) at SDE Avicola Moara Domneasc  farm during a 56 days’ period. The birds were distributed 
in three treatment groups according to three nutritive values of mixed fodder (CM, C1, C2). Following result 
processing, we found that the best weight gain was recorded in CM group (a daily average gain of 41.98 ± 0.91 g). The 
lowest value for the specific consumption was recorded in CM group (2.54 ± 0.16 kg, very significant differences 
between the groups) and the lowest viability was recorded in C1 group (10.40 ± 1.56 %). 

 
Key words: certificate, specific consumption, viability, weekly medium weight gain 
 
INTRODUCTION  
 
Until 2014, the poultry meat production 
estimated average growth rate will be 2.2 per 
cent annually, owing to an increasing demand. 
Considering this point of view, the expectations 
for aviculture are quite good. Within this 
context, a development of the ecological 
aviculture subsector is also expected, since it is 
estimated that, until 2013, the market rate for 
ecological poultry meat should reach 4-5 per 
cent for all three categories: Certified, Bio and 
Free-range 1 . And yet, the production growth 
shall also lead to an increase of the costs paid 
by the breeders, including the need of a lower 
cost in order to economically compete on the 
global market (increasingly competitive 
nowadays), costs for poultry comfort and food 
security standards, costs for disease control and 
for the bio-security conditions 2, 4 . 
The authors of this research aim to analyse the 
qualitative and quantitative features of eco-
broiler chickens and to find a way of 
production cost decrease by varying the values 
of energy and protein within the mixed fodder 
structure used for poultry 5 . 

MATERIAL AND METHOD  
 
The experiment was organized at S.D.E. 
Avicola Moara Domneasc  farm, the bio-basis 
of the University of Agronomic Science and 
Veterinary Medicine of Bucharest, on 
certificate-broilers (Ross 308), distributed in 
three uniform experimental variants, according 
to individual body weight and sex ratio. The 
block experimental plan was used 6 .  
Raising was conducted according to the 
standard technology for certificate-poultry, 
under the same conditions: food and water 
available ad libitum. 
Three treatments were performed on each 
experimental group, in order to determine the 
qualitative and quantitative features. All 
experiments were performed in the same period 
of time, on the same biological material and in 
the same unit, using 5 groups (10 birds each per 
treatment) - See Table 1. 
The experimental chart was as follows: 
 treatment I (CM): constant energetic level 

and constant protein level; 
 treatment II (C1): variable protein level and 

constant energetic level; 
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 treatment III (C2): constant protein level 
and variable energetic level. 

The experimental period was 56 days and used 
the biphasic feeding technology. 
During the experiment, the following 
performance values were found and recorded 
weekly: live weight, feed consumption and 
viability 2, 3 . 
The weekly specific and cumulated 
consumption values were calculated using the 
data on average gain and mixed fodder 
consumption values. 
Outputs due to mortality were daily recorded; 
thus, the mortality rate percentage could be 
calculated both weekly and for the entire 
growth period (cumulated). 
The data obtained were recorded and 
statistically processed. The Multiple Student 
Test was used for interpreting the significance 
of differences between groups.  
 

Table 1. Work schedule for Certificate type broilers 
a) 

Specification U.M. 
Phase 
Rising 

T1 T2 T3
Time days 28 28 28 
Flock birds 50 50 50 
Pens no. 5 5 5 
ME MJ/kg 100 100 93.92 
Protein % 100 95.36 100 

b) 

Specification U.M. 
Phase 

Finishing 
T1 T2 T3

Time days 28 28 28 
Flock birds 50 50 50 
Pens no. 5 5 5 
ME MJ/kg 100 100 93.06 
Protein % 100 95.30 100 

 
RESULTS AND DISCUSSIONS 
 
The weekly results obtained during the 
experiment for certificate-broiler production are 
shown in Tables no/no 2-5. Table 2 shows the 
weekly average body gain during the entire 
growth period (eight weeks). 
It is notable that weight increased with age; the 
maximum difference between the experimental 
groups increased from 8.27 g (at the age of 1 
week) between groups CM and C2, to 160.66 g 
between CM and C1, to 115.22  g between CM 

and C2 and to 45.44 g (at the age of 8 weeks)  
between groups C1 and C2.  
However, differences decreased proportionally 
between the same groups, generally with age, 
from 6.4 per cent (at the age of one week) to 
approx. 4.8 per cent (age of eight weeks). 
Obviously, the experimental variants had no 
statistic insurance for none of the possible ages 
for broiler marketing. 
 
Table 2. Evolution of body weight in Certificate-Poultry 

(grams) 
a) 

Specification 
Group 
C M 

X SX

W
ee

k 

1 128.44 1.47 
2 300.94 4.04 
3 563.73 8.86 
4 902.31 17.15 
5 1269.37 25.97 
6 1667.11 35.03 
7 2029.21 45.14 
8 2384.86 56.09 

b) 

Specification 
Group Group 

C1 C2 
X X SX SX

W
ee

k 

1 124.13 1.42 120.17 1.48 
2 258.87 3.29 284.80 4.59 
3 442.21 7.77 537.46 10.32 
4 684.11 14.16 851.60 21.15 
5 1055.39 24.98 1206.20 34.69 
6 1472.90 38.65 1595.42 45.17 
7 1864.45 52.63 1936.11 65.84 
8 2224.20 69.88 2269.64 64.57 

 
The dynamics of the weekly gain in certificate-
poultry is shown in Table 3. According to 
calculations, the gain increased with age for all 
experimental groups, up to the age of six 
weeks. Poultry in CM - C2 groups had the 
average gain values very close to one another, 
up to the age of six weeks. 
 
Table 3. Evolution of weekly gain in Certificate -Poultry 

(grams) 
a) 

Specification 
Group 
C M 

X SX

W
ee

k 

1 94.66 0.95 
2 172.49 2.93 
3 262.79 4.92 
4 338.58 8.41 
5 367.06 9.55 
6 397.74 11.38 
7 362.10 14.86 
8 355.65 15.95 
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b) 

Specification 
Group Group 

C1 C2 
X X SX SX

W
ee

k 

1 89.33 1.24 85.97 1.50 
2 134.73 2.17 164.62 3.16 
3 183.34 4.78 252.66 5.74 
4 241.91 6.62 314.14 11.03 
5 371.28 10.89 354.60 14.48 
6 417.51 14.28 389.20 11.28 
7 391.55 14.03 340.70 20.66 
8 359.75 17.27 333.50 12.10 

 
Starting from the age of one week  and up to 
the age of four weeks, the C1 group (with 
variable protein) recorded lower values in 
comparison with the other variants; afterwards, 
the position in the result hierachy varied, 
exceeding the other groups between the five 
and eight weeks, ceasing the growth with small 
differences (7.8 per cent), statistically not 
assured. 
Table 4 shows the evolution of the weekly feed 
consumption for certificate-poultry. As shown 
by the results, the consumption values in 
different experimental groups were quite 
similar – C1 group excepted, which at the age 
of seven weeks, had the mixed fodder 
consumption 4.40 per cent higher than CM and 
4.15 per cent higher in comparison with C2, 
and also with the exception of C2, which, at the 
age of six weeks, consumed 3.9 - 5.4 per cent 
more than the other two groups. In the last 
growth week, consumption exceeded 1.1 kg 
and its values were quite similar, as the 
maximum differences between the group 
average were of 0.7 per cent. 
 
Table 4. Evolution of weekly mixed fodder consumption 

in Certificate-Poultry (grams) 
a) 

Specification 
Group 
C M 

X SX

W
ee

k 

1 151.80 1.28 
2 310.41 5.27 
3 525.58 9.84 
4 778.85 19.34 
5 917.74 23.88 
6 1073.78 30.73 
7 1087.30 44.58 
8 1138.24 51.03 

 
 
 
 
 
 

b) 

Specification 
Group Group 

C1 C2 
X X SX SX

W
ee

k 

1 147.03 1.14 155.41 0.93 
2 324.56 5.39 327.24 6.56 
3 458.85 11.95 530.55 12.05 
4 617.44 16.89 722.48 25.36 
5 890.99 26.14 957.32 39.10 
6 1089.11 37.27 1131.79 32.81 
7 1135.51 40.68 1090.23 66.12 
8 1129.53 54.23 1133.98 41.12 

 

The weekly viability in certificate-poultry (see 
Table 5) was weak: an equal mortality rate (4 - 
6 per cent) was recorded for all groups; later it 
occurred at odd intervals in different variants, 
C1 group excepted as it recorded serious loss 
(2.2 per cent) in the fourth week of the 
experiment. 

 

Table 5. Evolution of mortality rate in Certificate-Poultry 
(percentage) 

Specifi- 
cation 

Group 
E M E 1 E2 

X SX X SX X SX

W
ee

k 

1 4 1.26 6 0.77 4 0.77 
2 0 0 2,2 0.70 4.2 0.83 
3 0 0 0 0 0 0 
4 0 0 2,2 0.72 2 0.66 
5 2 0.64 0 0 0 0 
6 2 0.63 0 0 0 0 
7 0 0 0 0 0 0 
8 0 0 0 0 0 0 

 

Final production performances for certificate 
poultry are shown in Table 6 and Figure 1. 
Broilers type certificate reached an average live 
weight value ranging between 2224.20 g at C1 
and 2384.86 g at CM; the protein or energetic 
variation had no influence over the results 
which showed no statistically assured 
differences.  
The average daily growth gain varied similarly, 
the values ranging between 39.92 g at C1 and 
41.98 g at CM. The specific consumption was 
most favourable in CM group with constant 
protein and energetic levels and least 
favourable in C2 with variable energetic level 
(2.54 - 2.70).  
All differences between groups were 
statistically assured. Poultry viability was better 
in CM group (8.0 per cent mortality rate); the 
worst level was recorded in C1 (10.4 per cent 
mortality rate); however, differences between 
variants were not statistically assured. 
As a conclusion, for the certificate-poultry, the 
best results were obtained in group CM, where 
the specific consumption was very significantly 
lower, in comparison with the other variants.  
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Table 6. Final production performances in Certificate-
Poultry 

a) 

Specification Units 
Group 
C M 

X SX
Live weight g 2384.86 56.09 
Student Test - CM-C1=1.266 
Daily average gain g 41.98 0.91 
Student Test - CM-C1=1.280 
Specific consumption kg 2.54 0.16 
Student Test - CM-C1=25.031 
Cummulated mortality rate  % 8.00 1.23 
Student Test - CM-C1=0,283 

b) 

Specification Units 
Group 

C1 
X SX

Live weight g 2224.20 69.88 
Student Test - C1-C2=0.336 
Daily average gain g 39.11 1.24 
Student Test - C1-C2=0.045 
Specific consumption kg 2.65 0.01 
Student Test - C1-C2=6.299 
Cummulated mortality rate  % 10.40 1.56 
Student Test - C1-C2=0.024 

c) 

Specification Units 
Group 

C2 
X SX

Live weight g 2269.60 64.57 
Student Test - C2-CM=0.952 
Daily average gain g 39.92 1.15 
Student Test - C2-CM=1.282 
Specific consumption kg 2.70 0.01 
Student Test - C2-CM=22.161 
Cummulated mortality rate  % 10.20 1.11 
Student Test - C2-CM=0.311 
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Fig. 1. Certificate poultry - final production 

performances 
 
CONCLUSIONS  
 
Following the experiment, the final 
performances recorded for the poultry type 
certificate are as follows:  
 Live weight varied between 2224.20 ± 69.88 

g, in  C1 and 2384.86 ± 56.09 g, in  CM; 
 The average daily gain reached the highest 

level in the CM group (41.98 ± 0.91 g) and 
the lowest in the C1 group (39.11 ± 1.24); 

 The specific consumption varied between 
2.54 ± 0.16 in CM and 2.70 ± 0.01 in C2; 

 The cumulated mortality rate ranged 
between 8.00 ± 1.23  percent in CM and 
10.40 ± 1.56 percent in C1; 

 In the specific consumption, there were 
distinctively significant differences (C1 - 
C2) and very significant (CM - C1 and CM - 
C2). 
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Abstract 
 
Research on sire heterosis was performed in parallel on 12 boars of pure breed and 12 F1 generations of fertile and 
terminal breeds of pigs: F1 D×P; F1 P×D than F1 Y×L; F1 L×Y. The following traits were analyzed: age at first and 
second jump fertility; libido; the volume, concentration and progressive motion of spermatozoa; and semen longevity.
All hybrid boars showed superiority in libido in relation to the pure boars. Thus, the crossing and the production of 
synthetic boar was justified. In such situations, it is always important that their progeny, animals for fattening, were 
uniform in production traits at the end of fattening as part of special tests and selection of pure breed. The time of 
maturity and readiness of the boars did not show significant differences. It was not the sire heterosis for these traits. In 
this example, the semen volume was found insire heterosis, greater in the white compared to the coloured breeds. 
Proportional to the volume of semen and number of doses showed the same trend, with the number of spermatozoa from 
3 billion in a dose was standardized for all animals tested. The progressive motion of semen was very similar and there 
was no statistical difference, as well as longevity. In conclusion, sire heterosis was manifested of the hybrid boars in the 
following traits: libido, amount the semen and number of doses per ejaculate that directly affect on increasing intensity 
of selection and genetic progress. The heterosis effect was not found for other traits. 
 
Key words: selection criteria, crossbreeding, sire heterosis, pigs  
 
INTRODUCTION 
 
Monitoring the quality of semen is the first step 
towards improving the fertility of pigs [13]. 
According to Rothschild [8], the difference in 
fertility of pigs is not only usually influenced 
by environmental factors but also genetic. The 
identification of these breed differences in 
fertility is very important for pig producers, 
owing to the high influence of male on the 
performance of the population, especially when 
using artificial insemination (AI) [2]. The 
farmers’ objectives often lead to the application 
of direct one-way selection, mainly on the most 
important economic traits of animals, with the 
aim to produce very meaty pig breeds and lines. 
For example, forgetting the genetic correlation 
between the properties is performed by 
selection pressure to change the frequency of 
genes for higher meatiness and a simultaneous 
to increase the efficiency of feed [17]. When 
optimal genetic balances in females are 

disturbed, it leads to a decrease in milk 
production and fertility, while the male reduces 
libido, amount and quality of semen. To 
minimize the possible consequences, the 
crossing scheme was created with the aim to 
produce a specific type of sire heterosis and 
activated desirable genes of each breed or line. 
These emerged into a specialized breed.
Reproductive traits, for both sexes, had low 
heritability level, with a small proportion of 
additive genes. Therefore, cross breed came to 
the manifestation of heterosis in reproductive 
and less for growth traits [1, 9, 15, 16]. That 
had resulted in the creation of three types of 
heterosis: heterosis mother, sire and progeny 
[6].  
In the case when intensive selection for 
meatiness was performed, males, even the elite, 
lost their libido and were useless for breeding.
Consequently, the farmers commonly used 
crossing with other terminal breed in order to 
increase heterozygosis, i.e. heterosis of progeny 
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and of sires. Concerning sire heterosis, it may 
be said that the most evident traits such as 
libido, amount  and quality semen [15, 9], the 
fastest development of crossbred animals, the 
lower age at reaching of sexual adulthood, the 
most increased testis weight and higher sperm 
number [6, 7]. Also, Artificial Insemination 
Centres (AIC) want to have males that produce 
more semen in order to produce as many doses 
and achieve the highest possible profit [5, 14]. 
The aim of this study was to determine sire 
heterosis in F1 boars throughout production and 
mobility, then longevity of semen and libido, 
compared to the pure breed boars as fertile and 
meaty pig. 
 
MATERIAL AND METHOD 
 
Research was performed on 24 boars, and three 
animals from each of the following breeds: 
Pietrain (P), Duroc (D), then hybrid boars from 

the reciprocal breeding of these two breeds and 
to F1 D×P; P×D; and fertile breed Landrace (L), 
Yorkshire (Y), and their hybrid progeny of the 
reciprocal breed, i.e. F1 Y×L; L×Y. Research 
was carried out between 2010 and 2012. The 
following traits were analysed: age at first 
fertile jump, then the second regular jump, the 
amount (volume) and quality semen including 
concentration, mobility and longevity of the 
semen. Boars were housed in the AIC, within 
acclimatized conditions; the optimal box area 
per head was 12 m2, fed with conventional 
mixture for boars. Training of boars for jump is 
regular activity of employees at the AIC. Sire 
heterosis was calculated as the difference 
between the average of the analyzed traits of 
pure breeds or breed better results than the 
hybrid F1 boars. Rating libido in boars 
determined by subjective evaluation of 1-3. The 
selection criteria used during the period of 
production is presented in Fig. 1 and Fig. 2. 

 

Fig. 1. Used selection criteria for mother breeds: - Landrace and Yorkshire 
 

 

Fig. 2. Selection criteria used for terminal breeds: - Duroc and Pietrain 
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RESULTS AND DISCUSSIONS 
 
The determined results are shown in Tables 1 – 
4. The age of boars during the first and second 

jump fertile was similar and there were no 
significant differences between the boars of 
observed breeding combinations. 

 
Table 1. Age of boars at first and second jump 

                           
Level of libido was the weakest in the sire 
breed P and D, is somewhat better in the L and 
Y, a much better and almost identical in all four 
hybrid boars breeding combinations. At the 
same conclusions was obtained by [4, 10]. In 
terms of libido, there was no noticeable 
difference in the reciprocal breeding of 

different breeds, which confirms the hypothesis 
that we should not give preference to one of 
two possible combinations (i.e. F1D×P, F1P×D 
or F1Y×L, F1L×Y).  
The semen amount of hybrid boars showed an 
increasing tendency in all the hybrids as 
compared to pure breeds (Table 2). 

 
Table 2. Amount and semen concentration 

Traits  
 Breed of boars 

P D F1 D×P F1 P×D L Y F1 Y×L F1 L×Y 
Amount of semen, ml 270 250 290 295 290 290 300 305 
Concentration, 000 81 76 97 98 97 97 100 101 

 
The increase was varied in the range from 3.6% 
- 12.4% of terminal boars between D and P and 
something more in the L and Y boars (10.4% - 
11.3% - Table 2). Breeds with highest amount 
of semen had the highest concentration of 
sperm. Thus, heterosis sires appeared in the 
given limits and was statistically justified. Sire 
heterosis was also manifested by libido, a very 
important trait of boar. The hybrid boars were 
more temperamental, and showed much desire 
to jump. The largest amount of semen at pure 

breeds had Landrace and Yorkshire, then Duroc 
and Pietrain. According to the research of 
Smital et al., [12], heterosis for amount of 
semen was significantly high (10-30%) and 
statistically significant among crossbred in 
relation to pure breeds, the largest amount of 
semen had Landrace (350 ml), followed by 
Duroc and Pietrain (220-240 ml). The mobility 
of semen at jump was 90% in all boars (Table 
3).

 
Table 3. Number of doses per ejaculate (3 billion/dose) and semen mobility at jump 

Traits  
Breed of boars 

P D F1 D×P F1 P×D L Y F1 Y×L F1 L×Y 
 
Doses per ejaculate and 
semen mobility 
 

 
 

271 

 
 

251 

 
 

321 

 
 

321 

 
 

321 

 
 

321 

 
 

331 

 
 

341 

  Mobility of semen:  1 - 90%; 2 - 80%; 3 – 70% 
 
A larger amount of semen and increased 
concentrations resulted from a larger number of 
doses. The difference between the hybrid and 
pure breeds in case of terminal breeds P and D 
was significant. 

At white was the difference in favour of 
hybrids, but not statistically justified. The level 
of heterosis variation within 1.2% of white and 
3.8% in collared. Mobility after taking the 
semen was uniform in the 90% for all 
combinations of crossing. 

 

Age, days at  
1. and 2. jump 

Breed of boars  
P D F1 D×P F1 P×D L Y F1 Y×L F1 L×Y 

1. jump 243 250 245 240 245 250 245 245 

2. jump  265 270 260 275 270 275 275 270 
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Table 4. The longevity of semen, days, and mobility (90%; 80%; 70%) 

      Traits  Breed of boars 
P D F1 D×P F1 P×D L Y F1 Y×L F1 L×Y 

Up to 3 days   90 90 90 90 90 90 90 90 
4 - 6 80 80 80 80 80 80 80 80 
7 - 10 70 70 70 70 70 70 70 70 
Over 11 0 0 70 0 0 0 0 0 

 
Semen mobility was an important parameter in 
deciding whether and for how long keeps it. 
The mobility and lifetime were uniform. There 
were no significant differences, which mean 
that it cannot give advantages of hybrids 
compared to pure breeds. Sire heterosis was not 
the manifested for these traits. According to 
most authors dealing with this issue, not a 
single breed excels in all basic characteristics of 
semen (amount of semen, concentration, 
mobility and abnormal sperms). The longevity 
of semen from our experience is rather an 
individual effect. By now it those not belong to 
breed, certain age and genetic effects. For 
example, one Canadian study compared the 
basic characteristics of three breeds of boar 
semen, Hampshire, where is showed the 
greatest amount of semen, Duroc was the best 
shown in concentration, while Yorkshire had 
the best sperm mobility [3, 18]. In the research 
of Smital et al., [12] Landrace far surpassed 
Duroc, Pietrain and Hampshire in all of semen 
characteristics. Very bad semen characteristics 
showed a Duroc in research of Pavalik [7] and 
Smital [11].  
 
CONCLUSIONS 

 
All hybrid boars showed superiority in libido, 
compared to purebreds. Thus, crossbreeding 
was justified. In these situations, it is always 
important that progeny, fattening pigs, is 
uniform in production traits at the end of 
fattening, as part of special tests and selection 
of pure breed. The time of maturity and 
preparedness of boars for the first jump did not 
show significant differences. There was no sire 
heterosis for these traits. In the example the 
amount of semen was found in sire heterosis, 
higher in white compared to the colour breed.
Proportional to the amount of semen and 
number of doses shown in the same trend, 
provided that the number of sperms from 3 
billion in a dose, it was standardized for all 

tested animals. The mobility of semen was very 
similar and there was no statistical difference, 
as well as longevity. 
Thus, sire heterosis was manifested in the 
hybrid boars in the following traits: libido, 
amount the semen and number doses per 
ejaculate that directly affect the increasing 
intensity of selection and genetic progress. Sire 
heterosis was not found for other traits. 
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Abstract 
 
This is the first document on Thoroughbred Horses in Turkey. The aim of this study was to define body coat colour and 
some morphological traits of Turkish Thoroughbred horses used for race in Balikesir and Konya regions. In this study, 
a total of 52 Thoroughbred horses, 14 males and 38 females, were analyzed in two age groups of 4-5 and 6-9 years, 
respectively. Descriptive statistics gave the following means: withers height 164.1 ± 0.64 cm, height at rump 162.7 ± 
0.65 cm, body length 167.3 ± 0.72 cm, heart girth circumferences 193.3 ± 0.43 cm, chest depth 79 ± 0.57 cm, and 
cannon circumferences 20.1 ± 0.18 cm. In this study, the frequencies of body coat colour of the sampled horses for bay 
colour was 34.6%, chestnut 30.8%, black 25%, and gray 9.6%. It can be concluded that Turkish Thoroughbred Horses 
is almost similar to other Thoroughbred Horses raised in other countries. 
 
Key words: Body measurement, coat colour, genetic resources, phenotypic trait 
 
INTRODUCTION 
 
The horse (Equus caballus) is a large odd-toed 
ungulate mammal, one of the species of the 
genus Equus [6]. Kafesoglu [12] reported that 
the materialistic Turkish culture was based on 
the invention of forging (wrought) iron and 
domestication of horse. According to some 
writers, the horse was firstly domesticated by 
Turks in Middle Asia [7, 14, 16, 18, 21]. 
During Gok-Turk Age, they had 11 different 
kinds of horse breed [19]. 
The Thoroughbred horse is a breed of horse 
that is known for its use in horse racing. With a 
well-chiselled head shape on a long neck, the 
Thoroughbred is one of the most easily 
recognizable horse breeds in the world. Though 
the word of thoroughbred is generally used to 
refer to any breed of purebred horse, this word 
technically refers only to the Thoroughbred 
breed [15]. 
The Thoroughbred is developed by crossing 
some English mares to three Arabian stallions 
which were Turkish horse breeds imported 
from Ottoman Empire lands. The names of 
three stallions were the Byerley Turk, the 
Darley Arabian and the Godolphin Arabian. All 

modern Thoroughbred horses can trace their 
pedigrees to those three stallions. Apart from 
those three stallions, there were also less 
influential stallions which were named as 
Alcock Arabian, D’Arcy’s White Turk, Leedes 
Arabian, Curwen’s Bay Barb and Brownlow 
Turk also mostly imported from Ottoman 
Empire lands [8, 10, 11, 15, 22].  
The main Turkish horse breeds and types are 
Midilli of Ayvacık (Ayvacik Midillisi), Canik, 
Jereed (Cirit), Kula of Camardi (Camardi 
Kulasi), Cukurova, East Anatolian (Dogu 
Anadolu), Kolukisa of Hinis (Hinisin 
Kolukisasi), Karacabey, Malakan, Trakya, 
Turkish Arabian (Turk Arap), Turkish Nonius 
(Turk Nonyus), and Uzunyayla Horses [5, 8, 
10, 11]. A group of Coloured (Alaca) horse is 
also focused in Ardahan and Kars provinces 
[23]. 
Wilson [21] reported from Mason that male and 
female Kyrgyz horses stand 155 and 145 cm 
respectively. The New Kyrgyz horses derived 
from the Kyrgyz via many infusions of exotic 
blood, including Don, English Thoroughbred 
and other breeds in the late 19th century. 
As seen in Table 1, there was some information 
on Thoroughbred horses [8, 9, 10, 11] and 
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Arabian horses [3, 4, 7, 8, 9, 13, 17, 22, 23]. On 
Thoroughbred horses, only Yarkin [21] 
reported data that withers height was average 
158-162 cm. Hendricks [11] reported that 
average withers height was 152-173 cm. 
According to Wikipedia [9], same value was 
157 to 173 cm.  
 

Table 1. Some morphologic traits on Thoroughbred 
horses 

Source Withers height (cm) 
Yarkin (1962) 158 to 162 
Hendricks (1995) 152 to173 
en.wikipedia.org (2011) 157 to 173 

 
The aim of this study was to define body coat 
colour and some morphological traits of 
Turkish Thoroughbred horses used for horse 
racing in Turkey. 
 
MATERIAL AND METHOD 
 
Experimental animals 
In this study, a total of 52 Thoroughbred 
horses, 14 males and 38 females, were analyzed 
in Eregli, Konya (37º30’N; 34º03’E) and 
Burhaniye, Balikesir (39º30’N; 26º58’E) in 
Turkey [25]. The sampled horses were aged 
between four and nine years, grouped into two 
age groups of 4-5 and 6-9 years respectively. 
Sample horses were stud horses which were 
raised for horse racing.  
 
Measurements 
This study was conducted in January 2011. 
Linear measures such as withers height (WH), 
rump height (HR), body length (BL), and chest 
depth (CD) were measured using a measuring 
stick. Other linear measures such as hearth girth 
circumference (HGC), and cannon 
circumference (CC) were measured with a 
specially graduated metal measuring tape. 
Horses were provided to stand on a hard, level 
surface. The traits measured were as follow: 
WH: Vertical distance between the highest 
point of shoulders (withers) and level surface. 
HR: Vertical distance between the highest point 
of rump (Tuber sacrale) and level surface. 
BL: Horizontal distance between Caput humeri 
and Tuber ischii. 
HGC: Peripheral distance around chest just 
behind shoulders. 

CD: Vertical distance between the highest point 
of shoulders (withers) and sternum. 
CC: Peripheral distance around cannon bone 
(third metacarpal) [20]. 
Ages were determined from the information 
given by stud owners. 
 
Statistical analysis 
The data were analyzed using the Minitab 15 
statistical software program. Descriptive 
statistics for body dimensions were analyzed 
using ANOVA and Student’s t-Test that also 
determined the impact of sex, region, body coat 
colour, and age group on the response variables 
of WH, HR, BL, HGC, CD, and CC [1]. 
 
RESULTS AND DISCUSSIONS 
 
This is the first document on Thoroughbred 
Horses in Turkey. In this study the frequencies 
of the different body coat colours were as given 
in Table 2. About two third of horses were bay 
and chestnut coloured and one fourth was 
black. The last colour of gray was just about 
9.6%. 
 

Table 2. Frequencies of body coat colour of 
Thoroughbred horses 

 Bay Chestnut Black Gray Total 
n 18 16 13 5 52 
% 34.6 30.8 25.0 9.6 100.0 

 
According to Yarkın [21], in Thoroughbred 
horses bay colour is about four fifth and 
chestnut is about one fifth. Gray and black 
colours are rare. 
In the Midilli of Ayvacik breed, the most 
common coat colour is bay. The roan colour 
can be seen, but rarely. However, Batu [4] 
reported that the Midilli of Ayvacik are 
commonly bay, and Yılmazer [24], in an MSc 
thesis on the same breed, reported only a 
chestnut coat colour for those horses.   
Aral [2] reported that the bay colour is common 
in Uzunyayla horses. Black and gray colours 
also could be seen, but the chestnut colour is 
disliked by owners.  
Batu [4] reported that gray, bay, chestnut and 
black colours were common in Turkish Native 
horses, and buckskin and other colours could be 
seen.  
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Batu [4] also reported that Malakan horses are 
commonly black. 
According to Emiro lu and Yuksel (2009), 
Uzunyayla and Canik horses generally were of 
a bay colour. In the Kolukisa of Hinis breed, 
each coat colour could be seen, but bay was the 
most common. 
The Turkish Coloured horse has a mixed colour 
pattern controlled by a dominant gene. One 
parent must therefore be a ‘coloured’ horse for 
the pattern to occur. The 
‘colour’ gene produces white-haired, pink-
skinned patches on a base coat colour. There 
are various terms for this combination in the 

literature, depending on the size, distribution 
and proportion of the colours as they relate to 
the white areas.  For simplicity, the terms 
‘piebald’ and ‘skewbald’ are applied here, and 
this general type of horse will be described as 
‘Coloured’ [23].  
As seen in Table 3, there were no significant 
differences between male and female horses for 
all traits. Results for WH, BL and CC females 
yielded higher values than males, but results for 
HGC, and CD males yielded higher values than 
females. For the trait of HR, males and females 
yielded the same value. 
 

 
Table 3. Descriptive statistics and comparison results of the phenotypic traits for different sexes, regions, and ages in 

Thoroughbred horses 
Trait WH (cm) HR (cm) BL (cm) HGC (cm) CD (cm) CC (cm) 

 Overall (n=90) 164.1 ± 0.64 162.7 ± 0.65 167.3 ± 0.97 193.3 ± 0.43 79 ± 0.57 20.1 ± 0.18 

Sex 
Male (n=87) 163.7 ± 1.03 162.6 ± 1.38 165.8 ± 1.76 194.1 ± 0.57 79.5 ± 0.95 19.8 ± 0.42 

Female (n=3) 164.2 ± 0.79 162.7 ± 0.75 167.8 ± 1.16 192.9 ± 0.55 78.9 ± 0.71 20.1 ± 0.20 

Region 
Balikesir (n=32) 165.2b ± 0.79 163.1 ± 0.85 168.6 ± 1.34 193.3 ± 0.48 80b ± 0.75 20.3 ± 0.26 

Konya (n=20) 162.3a ± 0.96 162.0 ± 1.03 165.2 ± 1.22 193.3 ± 0.84 77.5a ± 0.79 19.6 ± 0.21 

Age 
(Years) 

4-5 (n=27) 163.4 ± 0.94 162.0 ± 0.87 166.0 ± 1.40 193.3 ± 0.56 78.0 ± 0.65 19.7 ± 0.25 

6-9 (n=25) 164.8 ± 0.96 163.4 ± 0.98 168.6 ± 1.30 193.2 ± 0.68 80.1 ± 0.93 20.4 ± 0.26 

Coat 
Colour 

Bay (n=18) 164.0 ± 1.23 162.5 ± 1.33 167.5 ± 1.49 191.6a ± 0.77 79 ± 1.07 20.1 ± 0.31 

Chestnut (n=16) 164.8 ± 0.91 163.0 ± 1.15 165.0 ± 1.31 194.0b ± 0.62 79.9 ± 0.79 20.2 ± 0.21 

Black (n=13) 162.5 ± 1.22 162.8 ± 1.27 169.2 ± 2.49 194.8b ± 0.91 77.7 ± 0.84 19.7 ± 0.49 

Gray (n=5) 166.0 ± 2.51 162.0 ± 1.02 168.9 ± 3.79 193.0ab ± 0.44 80.2 ± 3.32 20.6 ± 0.67 

a, b: P<0.05 
* There were no significant differences between means indicated by the same letters in the same column and factor groups. 
WH= withers height, HR= height at rump, BL= body length, HGC= heart girth circumference, CD= chest depth, and CC= cannon 
circumference. 
 
In this study, samples were gathered from two 
different regions of Balikesir and Konya which 
were about 600 km far from. There were no 
significant differences among horses between 
two regions except traits of WH and CD 
(P<0.05). Thoroughbred horses raised in 
Balikesir yielded higher WH and CD results 
than the horses raised in Konya. 
As indicated in Table 3, the age factor was not 
significant for all traits. Sample horses were 
older than 4 years old. It can be concluded that 
Thoroughbred horses reach to adult growth 
body size after 3 years of age. 
For the factor of body coat colour, there were 
no significant differences traits except the trait 
of HGC (P<0.05). The horses in bay colour 
yielded the lowest value and chestnut and black 

colour yielded the highest value. Gray colour 
was in the middle. 
Related with withers height, Yarkin [21] 
reported the value of 160 (158-162), Hendricks 
[11] 162.5 (152-173) and en.wikipedia.org [9] 
162.5 (152-173). The result of this study of 
164.1 cm was almost similar and in minimum 
and maximum ranges related with literature 
results cited in previous sentence.  
The phenotypic correlation values displayed in 
Table 4 showed that all observed traits were 
affected by selected factors except the 
phenotypic correlation between CC and other 
traits. The highest values were found between 
HR and WH (r=0.93) (P<0.01). Other high 
values were found between BL and WH 
(r=0.63), BL and HR (r=0.66), HGC and WH 

159



(r=0.62), CD and WH (r=0.65) which were 
higher values than r = 0.60 (P<0.01). The 
lowest value (r=0.06) (P<0.05) was found 
between CC-HGC. 
Other low correlation values were found 
between CC and WH (r=0.21), CC and HR 
(r=0.22), CC and BL (r=0.22), CC and CD 
(r=0.11) (P<0.05). There were no negative 
correlations between all traits as seen in Table 
4. 
 
Table 4. Phenotypical correlation coefficients (r) between 

body measurements in Malakan Horses 
Traits WH HR BL HGC CD CC 
HR 0.93**      
BL 0.63** 0.66*     
HGC 0.62** 0.58** 0.60**    
CD 0.65** 0.57** 0.38** 0.46**   
CC 0.21 0.19 0.12 0.06 0.11  
HL 0.48** 0.51** 0.41** 0.22* 0.28** 0.33** 

*P<0.05, **P<0.01 
 
CONCLUSIONS 
 
It can tentatively be concluded that Turkish 
Thoroughbred Horses is almost similar to other 
Thoroughbred Horses raised in other countries.  
 
REFERENCES 
 
[1] Anonymous, 2011. Minitab 15 Computer Program. 
[2] Aral, N., 1974. Turkiye’de Yetistirilen Hayvan 
Turleri, Yetistiricilik Tarihi ve Teknolojisi. Turkiye 
Jokey Kulubu Yayinlari, Ankara, p. 53-126. 
[3] Ariturk, E., 1956. Turkiye Atciliginin Bugunku 
Durumu, Meseleleri ve Yerli Atlarimizin Morfolojik 
Vasiflari Ustunde Arastirmalar. Ankara Universitesi 
Veteriner Fakultesi Yayinlari, 86: 33-85. 
[4] Batu, S., 1931. Karacabey Yarimkan Araplarinin 
beden olculeri uzerinde arastirmalar. Yuksek Ziraat 
Enstitusu Calismalarindan (In: Yarkin, I. 1962. Atcilik. 
Ankara Universitesi Ziraat Fakultesi Yayinlari No: 40. 
Ankara Universitesi Yayinevi. Ankara.) Ankara, p. 95-
96. 
[5] Bayram, D., Oturk, Y. and Kucuk, M., 2005. Van 
Yoresinde Yetistirilen Atlarda Fenotipik Ozellikler. 
Yuzuncuyil Universitesi Veteriner Fakultesi Dergisi, 16 
(1):85-88. 
[6] Bennet, D. and Hoffman, R.S., 1999. Equus caballus. 
Mammalian Species, 628: 1-14 
 
 
 
 
 
 
 
 

[7] Duzgunes, O., 1953. Turkiye hayvan yetistirme 
muesseselerinde saf ve yarımkan Arap yetistirme, vucut 
yapilisi ve verimleri ile bunlarin birbirleri ile 
mukayesesi. (In: Yarkin, I. 1962. Atcilik. Ankara 
Universitesi Ziraat Fakultesi Yayinlari No: 40. Ankara 
Universitesi Yayinevi. Ankara.) Ankara, p. 41-42. 
[8] Emiroglu, K. and Yuksel, A., 2009. Yoldasimiz At. 
Yapı Kredi Yayinlari: 1744. Istanbul. 
[9] En.wikipedia.org/wiki/Thoroughbred (accessed on 
23.10.2011). 
[10] Gulec, E., 2004. Turk Ingiliz Ati. (Elde basim), 
Anadolu At Irklarini Yasatma ve Gelistirme Dernegi 
Yayinlari, Ankara. P. 23-66. 
[11] Hendricks, B.L., 1995. International Encyplopedia 
of Horse Breeds. University of Oklahoma Press. 
Normani, USA, p. 172-175. 
[12] Kafesoglu, I., 1984. Turk Milli Kulturu. Otuken 
Nesriyat. Istanbul, p. 111-113. 
[13] Kaygisiz, A., Orhan, H., Vanlı, Y., Güler, A. and 
Gökdere, M. A., 2011. Sultansuyu Tarım Isletmesinde 
Yetistirilen Turkiye Arap Atlarinin Vucut Olculerine Ait 
Fenotipik ve Genetik Parametre Tahminleri. Igdir 
Universitesi Fen Bilimleri Enstitusu Dergisi., 1 (1): 69-
74. 
[14] Koppers, W., 1941. Cihan Tarihinin Isiginda Ilk 
Turkluk ve Indo-Germenlik. Belleten., 20: 471. 
[15] Montgomery, S.M., 1971. The Thoroughbred. Arco 
Publishing, New York. p.32-56. 
[16] Rasonyi, K., 1971. Tarihte Turkluk. Turk Kulturunu 
Arastirma Enstitusu Yayinlari. Ankara. P. 56-67. 
[17] Said, Z., 1940. Turkiye’de Atciligin Ehemmiyeti ve 
Arastirma Mevzuu. T.C. Ziraat Vekaleti Yuksek Ziraat 
Enstitusu Calismalarindan, Sayi: 62. Recep Uluso lu 
Basimevi, Ankara. p. 33-46. 
[18] Schmidth, W., 1946. Rassen und volker. II, Lusern. 
Dil ve Tarih Cografya Dergisi V: 346. 
[19] Sertkaya, O. F., 1995. Eski Turk Kulturunde At. (In: 
Gursoy-Naskali, E., 1995. Turk Kulturunde At ve Cagdas 
Atcilik Sempozyumu Kitabi, 11-14 Mayis 1994). Resim 
Matbaacilik, Istanbul, p. 25-30.  
[20] Sonmez, R., 1973. At Yetistirme (Ozel zootekni). E. 
U. Ziraat Fakultesi Yayinlari: 141. E. U. Basimevi, 
Izmir. 
[21] Wilson, R.T., 1999. Horse in the Kyrgyz Republic. 
Draught Animal News, 30: 2-6. 
[22] Yarkin, I., 1962. Atcilik. Ankara Universitesi Ziraat 
Fakultesi Yayinlari No: 40. Ankara Universitesi 
Yayinevi. Ankara. p. 41-116. 
[23] Yilmaz, O., 2011. Description of Coloured Horses 
Raised in Turkey. Journal of Agricultural Science and 
Technology 3 (3): 203-206. 
[24] Yilmazer, A., 2007. Ayvacik Midillisi (unpublished 
MSc Thesis). Canakkale Onsekiz Mart Universitesi. 
Ziraat Fakultesi. Canakkale. P. 5-23. 
[25] www.googleearth.com (accessed on 03.04.2011). 

160



 
THE MANAGEMENT OF ERYTHROCYTE MEMBRANE PERMEABILITY 
IN RATS FED ON CHOLESTEROL RICH DIET AND THE ROLE  
OF THE 1H NMR METHOD 
 

Flory REVNIC1, Bogdan P LTINEANU2, C t lina PENA1, Alexandru ONEA3,  
Cristian Romeo REVNIC4 

 
1National Institute of Gerontology and Geriatrics ”Ana Aslan”, Bucharest, Romania,  
Phone: 2237192/158, E-mail: f_revnic@yahoo.com 
2University of Medicine and Pharmacy of Targu Mures, Romania, Phone: 0736399455,  
E-mail: bgpalti@gmail.com 
3University of Agronomic Sciences and Veterinary Medicine, 59 M r ti Blvd., District 1, 011464, 
Bucharest, Romania, Phone: 0745100947, E-mail: sonea.alexandru@medu.edu.ro 
4Ambroise Pare`Hospital, Paris, France: 0033149095000, E-mail: kityrom@yahoo.com 
 

Corresponding author e-mail: f_ revnic@yahoo.com 
 
Abstract 
 
The aim of this study was related with the investigation of erythrocyte membrane permeability of rats fed on rich 
cholesterol diet by means of the 1HNMR technique. Three groups of 32 months old rats received rich cholesterol diet 
for 6 weeks combined with Aslavital or Procaine (4 mg/kg body weight). Group (A) Control. The animals fed on 
cholesterol rich diet were divided into 3 groups: group (B) - hypercholesterolemic diet, group (C) also with Aslavital 
i.m. (4 mg/kg corp); group (D) - also with Procaine treatment (4 mg/kg corp) to test  its properties as an 
antiatherosclerotic drug. Our data pointed out a decrease of proton half time within erythrocite which accounts for an 
accelerated proton exchange in all groups of rats with high level of serum cholesterol. In controls the exchange of 
water through red blood cell membrane is accelerated in parallel with increase in local temperature. Red blood cell 
membrane permeability towards water can be accounted as an index of cardiovascular system recovery, important in 
maintaining a dynamic balance with vascular destruction due to high blood pressure. 
 
Key words: Aslavital, atherosclerosis, erythrocyte membrane permeability, Procaine, cholesterol, 1H Nuclear Magnetic 
Resonance 
 
 
INTRODUCTION  

 
High blood pressure and its major compli-
cations is one of the major problems of medical 
research, attention being concentrated towards 
the elucidation of the physio-pathological me-
chanisms which interfere during the evolu-
tionary stages of the illness. 
The aim of this paper was related with the in-
vestigation of  some biophysical aspects  which 
seem to be altered in aging animals fed on 
cholesterol rich diet; they received an Aslavital-
based treatment which contains Procainne 
chlorhydrate, glutamic acid (as activator factor) 
and  benzoic acid (as an antiaterogenic factor). 
This drug has an regenerative eutrophic, 
antiaterogenic (lipotrop) action, as well as a fat 
and cholesterol regulation  metabolism which is 
used for the  prophylactic and curative treat-
ment of cerebral and cardiovascular aging. 

MATERIAL AND METHOD  
 
Our study on experimental hyperthensive 
animal models using biophysical methods  was 
designed to investigate the proton transverse 
relaxing times of intracellular water and 
membrane permeability to water. 
 
1. Biological Material  
Our study was done  on: 32 months old White 
Wistar rats group fed  for six weeks on rich 
cholesterol diet (animal fat) and on the Control 
Group (A). The group of animals fed on rich 
cholesterol diet was divided into: group (B) - 
which received Procaine tretment along with 
high rich cholesterol diet. Group (C) - which 
also received Aslavital treatment (Intra 
peritoneal injections with Aslavital 4 mg/kg 
body weight); Group (D) - which received 
tretament with Procaine (I.P injections with 
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Procaine solution 4 mg/kg body weight). The 
Procaine-based treatment was aimed to 
establish if the drug formula was efficient in 
preventing the atherosclerotic effect of high 
rich cholesterol diet. 
 
Determinations of 1H Nuclear Magnetic 
resonance  
The biological material used in our study was  
venous blood  harvested on heparin and an 
adequate volume of  MnCl2 such as to obtain a 
concentration of  20 mM MnCl2 in the 
extracellular compartment.    
The 1H NMR method was used for evaluating 
Proton transverse relaxing times of intra 
erythrocyte and extra erythrocyte water, as well 
as for evaluating the times for exchange of 
water and calculus for water permeability.  
The method principle consists of characterising 
a system composed of two compartments - A 
and B - of the two relaxing times - T2a and T2b - 
of the same type of nuclei originating from the 
same compartment. 
The 1H NMR determinations were performed 
by using an AREMI`78 Spectrometer in 
impulses at a frequency of  25 MHz, using the 
standard sequence CARR-PURCELL-
MEIBOOM-GILL with an interval of 1 ms 
between the impulses. It measured the 
transverse proton relaxing times  in intracellular 
compartment in the presence of water exchange 
between the intracellular and extracellular 
compartment fed with  Mn2+, thus obtaining the 
apparent relaxing time  T2a’.  
 
RESULTS AND DISCUSSIONS 
 
Modifications of membrane permeability to 
water at the level of blood erythrocyte were 
similar with those at the cardiovascular level 
and were produced in the same way. Also, 
water permeability could be modified by 
changing the proportion and distribution of 
lipid membranes. 

In Control or cholesterol, Aslavital and 
Procaine treated animals in different 
combinations. 

Fig. 1 presents the aspects related to the 
dynamics of protons along the erythrocyte 
membrane and the energetic modifications due 

to the exchange of water protons. There was a 
decrease of half life time of the protons in the 
erythrocyte ( ), which suggested an accelerated 
proton exchange  which occurred in all groups 
where Cholesterol exceeded the normal range, 
even if the animals received drug therapy or 
not. 
 

 
Fig.1 Exchange time of water at the level of erythrocyte 
membrane (t) and Activation energy of water exchange 

at the level of erythrocyte membrane Et 
 
The activation enery of water exchange  along 
the erythrocyte membrane (E ) decreased in the 
groups fed only on cholesterol rich diet, then in 
combination with Aslavital, and the smallest 
values were recorded for the Procaine treated 
group. 
This accounts for the fact that high cholesterol 
level made water exchange become faster 
despite the drug administration; the 
transmembrane exchange process was partially 
disconected under the influence of thermic 
processes with heat liberation, being  positively 
affected after drug administration. 
When the specific energetic processes of an 
exchange occurred between  the two 
compartments involved, one of the 
compartments was responsible for a deviation 
in the energetic field [1]. 
By studying the state of the plasma-erythrocyte 
bio-compartmental system from the viewpoint 
of activation energy processes of proton 
relaxation (Fig. 2), we can observe the 
significant increase of energy activation in the 
plasma (Eplasma). In all treated groups, the 
highest value was obtained in the presence of 
Procaine`s (7 times higher than in Controls). 
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Fig. 2. Water exchange time along erythrocyte membrane 

(t) and activation energy of water exchange along 
erythrocyte membrane Et in Controls or cholesterol 

treated, Aslavital and Procaine in different combinations 
 
The activation energies inside the erythrocyte 
were modified in a smaller proportion and had 
different aspects: compared to Controls, they 
decreased in the cholesterol rich diet animals 
and increased a little in comparison with the 
latter, following the treatment with Aslavital 
and Procaine; it remained unchanged under the 
Control values. 
The erythrocyte membrane permeability to 
water (PMEA) is a parameter which 
characterizes both water exchange along the 
erythrocyte membrane and those which take 
place in the vascular walls [4]. 
This correlation is allowed by the presence of 
the same type of aquaporine - AQP1- both in 
the erythrocyte membrane and the vascular 
endothelial membranes at all levels. 
In figure 3, it can be observed that permeability 
to water increased very much in high rich diet 
animals (from 2.19 cm-s*10-3 in Controls to 5.8 
cm-s*10-3 high rich diet animals). Aslavital and 
procaine induced decreases of this parameter, 
but the values were still above the Control 
values. 

Fig. 3. Erythrocyte membrane permeability for water 
(PMEA) in Control or treated animals with cholesterol, 

Aslavital and Procaine in different combinations 
 

From our previous studies [1], we noticed that 
permeability to water was increased in the onset 
stages of the illness and was a defense reaction 
against high blood pressure; after maintaining it 
at an increased level, there was a sudden 
decrease, which was correlated with an 
increased risk of stroke [2].  
Therefore, the readjustment of an increased 
physiological parameter to the normal values in 
a pathological context of an illness is not 
always welcomed because the organism adapts, 
creating a new state of equilibrium; if the 
primary cause of deregulation of normal 
equilibrium is not corrected, it can lead to a 
more serious pathological event [3]. 
It is mentioned that singular administration of 
drugs which decrease water permeability of 
membranes in hyperthensive patients is risky; 
therefore, it is recommended for these to be 
associated with drugs that have an opposite 
effect upon membrane permeability [5]. 
This study it did not raise this problem because 
it was demonstrated that Aslavital and Procaine 
had a very weak effect upon membrane 
permeability. High EPMW and low values of 
intracellular T2 suggested a hydration 
phenomenon of cells from high rich cholesterol 
fed animals. 
The low milk offer has obliged Romania to 
import milk in order to assure the raw material 
for the milk processing industry. 
 
CONCLUSIONS  
 
From the results presented above, we can draw 
the following conclusions: 
 There is a decrease in Proton half life in 

erythrocytes which suggests an accelerated 
Proton exchange  present in all studied groups 
of animals where the cholesterol levels exceeds 
the normal range. 
 In young animals (Controls), water exchange 

along the erythrocyte  is accelerated, in parallel 
with the increase in local or global temperature 
(generated by the activation of metabolical 
reactions) with heat release in the intracellular 
environment, drug administration  conducting 
to the stabilization of water exchanges in the 
context of  high temperature. 
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 Membrane permeability to water (MPW) 
may be accounted for as an index of recovery  
of cardiovascular system which is important în 
mentaining a dynamic equilibrium with 
phenomena of vascular destruction  due to high 
blood pressure. 
 Aslavital or Procaine treatment exhibits 

effects which emerge in the same direction, the 
Procaine effect is more obvious. In general, 
Aslavital behaves as a more adequate buffered 
Procaine. 
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Abstract 
 
The aim of this study was to evaluate, at site scale, the influence of freezing and freeze/thaw cycles on the survival of 
fecal coliforms and fecal enterococci in soil, in a climate change perspective. Viable cells of both fecal indicators were 
counted in ten different soil profiles and at different depths, before and after a winter season. Before the winter period 
and during grazing, viable cells of fecal coliforms and fecal enterococci were detected only in the first 10 cm below 
ground, while, after the winter period and before the new seasonal grazing, a lower number of viable cells of both fecal 
indicators was detected only in some of the soil profiles, and within the first 5 cm. Thus, a significant decrease in viable 
cells was observed in all soil profiles, due to cold shock, freezing, prolonged exposure to subzero temperatures, and 
alternating freezing and thawing periods, even though this decrease was not uniform at site scale. Taking into 
consideration the results of specific investigations, we hypothesised that the non-uniform spatial distribution of grass 
roots within the studied soil ccould play an important role in influencing this phenomenon, while several abiotic 
factors, such as organic matter, grain size and specific weight of particles, total porosity, and relative density, did not 
play any significant role. In a climate change perspective, taking into account also the local trend in air temperature, a 
different distribution of microbial pollution over time is expected in spring waters, and a higher risk of transmission of 
infections is expected throughout the year. The progressive increase in air temperature, with emphasis on the minimum 
one, will cause a progressive decrease in freezing and freeze/thawing at higher altitudes, therefore minimising cold 
shocks on microbial cells, and causing spring water pollution also during winter, differently from the actual 
observations. 
 
Key words: Climate change, Cold shock, Fecal indicator, Freeze/thaw cycle, Soil 
 
INTRODUCTION  
 
Winter survival of microorganisms in soil can 
be negatively influenced by cold shock, 
freezing, prolonged exposure to subzero 
temperatures, and alternating freezing and 
thawing periods [7, 9]. Because survival times 
of microorganisms in the environment can be 
influenced by different abiotic and biological 
factors [4], and some of them can be non-
uniformly distributed within a soil medium 
[13], specific investigations at site scale are 
necessary to analyse the role of the scale effect 
on relationships between winter stresses and the 
survival of fecal microorganisms in soil. In a 
broader context, climate change, with emphasis 
on temperature increase, can significantly 
influence the survival of fecal microorganisms 
and pathogens in soil causing a progressive 

increase of the risk of infection transmission by 
different routes, such as water and 
contaminated soil. The present work has been 
carried out in a test site in the Campania region, 
southern Italy, to study in situ the winter 
survival of two usual indicators of microbial 
contamination of fecal origin, analysing both 
air and soil temperatures, the latter at different 
depths, and enumerating viable cells at 
different depths along several soil profiles, 
before and after winter stresses. The test area is 
a mountainous carbonate aquifer where cattle 
grazing is not allowed from mid November to 
late April, and a former study showed the 
existence of an anomalous distribution of 
microbial contamination of spring water over 
time, tentatively associated to winter stresses 
on microbial contaminants [1]. The statistical 
analysis of temperature time series was carried 

165

AgroLife Scientific Journal - Volume 1, 2012
ISSN 2285-5718; ISSN - L 2285-5718



 

 

out, using data recorded at a meteorological 
station located at high elevation. 
 
MATERIAL AND METHOD  
 
Site description 
The aquifer has an extension of about 0.85 km2, 
and consists predominantly of calcareous 
deposits (Cretaceous in age). The rocks have 
very low primary permeability but are 
extensively fissured. The unconfined aquifer is 
bounded by normal faults that act as barrier and 
partially impede groundwater flow [1]. The 
hydraulic head slopes southwards to different 
springs. 
 
Soil characterisation 
Some physical and index properties of soil 
were analysed by means of standard laboratory 
tests, to verify if the analysed abiotic factors 
can influence the microbial resistance to winter 
stresses. Soil samples were collected along the 
same 10 profiles where soil cores were 
collected to carry out the microbiological 
investigations, at 10 and 50 cm below ground. 
In fact, it is known that, during freezing and 
thawing, aggregates are broken and, shearing 
forces can lyse cells and hyphae, resulting in 
the selection of tolerant microbes (e.g., [6]). 
Organic matter, grain size and specific weight 
of particles, total porosity, relative density were 
analysed in order to verify the distribution of 
such features at site scale. Organic matter tests 
were performed through organic matter loss 
after muffle furnace heating. Accordingly to the 
ASTM standard procedures, the organic content 
of soil samples was measured by means of loss-
on-ignition technique, consisting in 72-h 
heating at 450 °C in a muffle furnace. Grain 
size tests were performed by means of wet 
sieving with the ASTM standard sieves series 
and sedimentation procedure based on density 
measurements performed with hydrometer. 
Specific gravity tests were carried out using a 
50 cm3 pycnometer applied to the 0.075 mm 
passing fraction through the sieve n. 200 
ASTM. Starting from these physical and 
volumetric parameters it was possible to obtain 
the total porosity (n) and the relative density 
(Dr). These are a-dimensional parameters and 
they are expressed in percentage. These are 
indirectly estimated, starting from the existing 

relationship between weights and volumes of 
the different phases. 
The vertical distribution of grass roots within 
the 10 soil profiles was analysed through some 
numerical analysis techniques for image 
processing. These were applied to the digital 
photo of the soil samples. In particular, we 
homogenized the resolution of the images and 
cropped them to show from 0 to 10 cm below 
ground, then we converted the images from 
RGB (color) to grayscale and used a sharpening 
filter (Sobel filter) to enhance the edges of 
objects and adjust the contrast. Then, we 
applied a numerical filter for the edge detection 
based on a gaussian and on a gradient filter 
(Canny edge detector method) of the function 
f(x,y) describing the image [5]. The next step 
was to count the pixels showing the grass roots, 
from black and white previous images. 
This approach has been used to analyse in a 
detailed manner the vertical distribution of 
roots within the upper 10 cm of the investigated 
soil profiles, where viable cells of fecal 
coliforms and fecal enterococci were widely 
detected before winter, and where subzero 
temperatures where recorded during winter. 
 
Microbiological investigations 
The enumeration of viable cells of both fecal 
indicators was carried out (a) in early 
November 2009, before the freeze/thaw period 
and during grazing, and (b) in April 2010, after 
the freeze/thaw period and before the new 
seasonal grazing. For the enumeration of soil 
bacteria, soil samples were collected at 
different depths (2, 5, 10, 15, 20, 30, 40, 50, 
100 cm below ground) close to the temperature 
probes and along other 9 soil profiles within the 
same pasture area. The 10 profiles were 
randomly distributed over a 80 x 60 m area. 
According to described method [12] soil cores 
(5 cm in diameter and 5 cm long) were sampled 
in ethanol-sterilized sleeves, capped, and stored 
on ice before being transported to the 
laboratory. One gram of soil from each sample 
was added to 3 ml of eluent buffer (0.1% 
Na4P2O7, 0.05% polyvinylpyrrolidone [pH 
7.2]) and vortexed thoroughly for 5 min. Serial 
dilutions were made from the resulting 
supernatant in phosphate-buffered saline (0.1 M 
NaCl, 0.02 M sodium phosphate [pH 7]). 
Coliform and enterococci cells enumerations 
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were performed by direct plating on m-FC agar 
(Biolife) and SB agar (Biolife), respectively. 
Previous studies in this test area and in other 
comparable sites in southern Italy demonstrated 
that Escherichia coli is the most representative 
species within fecal coliforms, while 
Enterococcus faecalis is the most 
representative species of the Enterococcus 
group [1, 2, 10, 11]. 
 
Local air and soil temperature 
measurements  
Both the air and the soil temperatures were 
measured from February 2008 to June 2010 on 
a hourly basis, through a meteorological station 
and two probes with data-logger, respectively. 
Soil temperature was measured at 8 and 50 cm 
below ground. The deeper probe was used until 
May 2009 to analyse the vertical distribution of 
soil temperature during a winter season. 
 
Historical temperature of mountain zones   
To analyse the historical temperatures of the 
ground-elevated areas, the series of 
Montevergine station (1270 m a.s.l.) has been 
considered, where data are available since 
1884. This station is located inside a 
monastery, far from any urban area and, thus, 
data records are not affected by local thermal 
pollution [3]; these characteristics appear 
notable when comparing temperature over long 
period of time and, in particular, temperature of 
recent decades to the previous one. 
 
RESULTS AND DISCUSSIONS 
 
With respect to all the analysed abiotic features, 
the soil medium is characterised by an overall 
homogeneity at both the investigated depths.  
Viable cells of fecal coliforms and fecal 
enterococci were detected only in the first 10 
cm below ground, before the winter period and 
during grazing. After the winter period and 
before the new seasonal grazing, no viable cells 
of fecal coliforms were detected in 8 out of 10 
soil profiles. Conversely, in other 2 investigated 
profiles viable cells of fecal coliforms were 
detected at -2 cm and at -5 cm. During the same 
sampling campaign, viable cells of fecal 
enterococci were not detected in 6 out of 10 
soil profiles. Conversely, in other 4 investigated 
profiles viable cells of fecal enterococci were 

detected at -2 cm and at -5 cm. On the whole, 
in 2 out of 10 soil profiles viable cells of both 
fecal coliforms and fecal enterococci were 
detected in April 2010. When detected after 
winter, viable cells were always detected within 
the first 5 cm of soil below ground. 
Between November 2009 and April 2010, 7 
freeze/thaw cycles were recorded in the upper 
soil horizon and the density of viable cells 
significantly decreased ( 4 orders of 
magnitude) in several soil profiles, while a 
slighter decrease (<2 orders of magnitude) was 
observed in a few profiles. 
The observed decrease in viable cells in the 
studied soil can not be significantly influenced 
by cells removal during effective infiltration of 
percolating water, because of the high retention 
capacity of this type of soil with regard to fecal 
coliforms and fecal enterococci [10, 11].  
The observations made within this study 
therefore suggested that (a) the survival time of 
fecal coliforms and fecal enterococci in soil can 
be non-uniform at the decametric scale, and (b) 
in some soil portions, the survival time in soil, 
of both fecal indicators, can be longer than 
expected, despite freezing and freeze/thaw 
cycles.  
Taking into consideration the overall 
homogeneity of the abiotic soil features that 
were analysed at the study site, the observed 
non-uniform survival time of these fecal 
indicators, as well as their higher resistance to 
winter stresses in the upper 5 cm of soil, seem 
to be more probably influenced by soil 
structure and/or biotic factors. 
Concerning biological factors, it was found that 
E. coli O157 can survive longer in soil 
containing rooted grass (decline of less than 2 
orders of magnitude in 130 days; [8]). As a 
matter of fact, when analysing the roots density 
within the upper 10 cm within the investigated 
soil profiles, that is to say where viable fecal 
indicators where detected before winter 
stresses, a good agreement can be observed 
between the results of this study and Maule’s 
findings [8].  
The statistical analysis of the air temperature 
series presents a downward trend during the 
1936-1946 and 1952-1956. The beginning of 
the general warming has been recorded mainly 
since the eighties.  
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CONCLUSIONS  
 
Distribution of grass roots within the studied 
soil can play an important role in influencing 
the non-uniform survival time of fecal 
indicators, as well as their higher resistance to 
winter stresses in the upper five cm of soil, at 
the study site. 
In a climate change perspective, taking into 
account the results of the microbiological 
investigations, and the local trend in air 
temperature, a different distribution of 
microbial pollution over time is expected in 
spring waters, and a higher risk of transmission 
of infections is expected throughout the year. 
As a matter of fact, the progressive increase in 
air temperature, with emphasis on the minimum 
one, will cause a progressive decrease in 
freezing and freeze/thawing at higher altitudes, 
therefore minimising cold shocks on microbial 
cells. With reference to spring water 
contamination, microbial pollution is expected 
also during winter, differently from the actual 
observations [1]. This effect will be the results 
of huge effective infiltration, and transport of a 
higher number of viable cells from the ground 
towards the groundwater and the springs. 
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Abstract 
 
In Romania there are several inactive or abandoned mine sites which can create a significant impact on the 
environment, affecting the use of local surface and groundwater. The environmental impacts that can occur at an 
abandoned mine site can be divided into several categories, amongst which: metal contamination of ground surface 
water and sediments, air emission and deposition, erosion, physical impacts (slope failure, structural stability of 
tailings impoundments, ground subsidence, unsafe structure, mine openings and vegetation contamination). The Ocnele 
Mari salt mine is one of disused mines affected by subsidence phenomena as a result of pillars dissolution by 
uncontrolled leaching processes that led to the formation of a huge cavern of up 10 .5 ha on horizontal direction and its 
volume of 2.5 million m3 of brine. The land deformation (subsidence and landslide) phenomenon influences vegetation 
coverage changes. The object of the present study is to investigate the temporal changes of vegetation caused by salt 
exploitation using multispectral remote sensing data (Landsat 5, Landsat 7, ASTER and MODIS). We elaborated maps 
for the vegetation indices: normalized difference vegetation index - NDVI, leaf area specific index – SLAVI, normalized 
difference water index - NDWI - and thermal index. The change detection technique in vectorial format is applied on 
NDVI data in order to determine the areas affected by land degradation, with direct effects on vegetation coverage. 
Thus, an analysis of vegetation index NDVI proves the vegetation degradation in Field II of probes of the mining area, 
especially in the area of the 360-366 probes, with an area of 146700 m2. For the Field I of probes, sample 472, a 
decrease of 19 800 m2 of vegetation was noticed, while the third field, samples 431-433, decrease was determined to 30 
600 m2. The results confirmed feasibility of using remote sensing technique to assess the vegetation growth status in the 
salt mining area. 
 
Key words: change detection technique, remote sensing, NDVI, Ocnele Mari salt area, vegetation coverage 
 
INTRODUCTION  
 
There is an important concern from the scientific 
community and the private actors on the 
international level on monitoring the disused 
mines included in the touristic circuits, as well as 
the operational mines that due to the functional 
processes of extraction and storage of sterile 
material pollution of the environment. Disused 
mine monitoring is achieved both by using 
satellite data and in-situ measurement focused on 
suffusion parameter estimation (degree of land 
degradation, consequence of mining exploration) 
and the vegetation effects study with the direct 
impact of the environment. From this point of 

view, the vegetation and land degradation 
estimations are the primary need for the makers 
interested to monitor the mining areas affected by 
pollution in order to reduce the adverse effects on 
the environment. 
Romania is also confronted with problems related 
to vegetation degradation, a phenomenon caused 
by several factors such as: original natural 
vegetation has beewasn substantially modified, 
which led to the occurrence of landslides on the 
slopes used as pastures and hayfields, as well as 
arable land subsidence, expansion of the hedges 
on heavily eroded lands having a fixing role, 
transformation of the forest into agricultural 
lands, and construction engineering activities 
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leading to the pollution of areas covered with 
vegetation and not least the extension of urban 
and rural areas [6, 9, 11].  
In this context, the present paper assesses the 
effects of the Ocnele Mari mining activities on 
vegetation coverage by integrated the remote 
sensing data into a GIS environment and 
analyzed together with geological, 
geomorphology, soil and land use / land cover 
data. The vegetation indices (normalized 
difference vegetation index - NDVI, the specific 
area vegetation index – SLAVI), the soil indices 
(normalized difference water index – NDWI, 
drought ratio index – RDI) and thermal index 
retrieved from Landsat TM data are investigated 
to monitor the variations in vegetation coverage 
as a measure of the land degradation.  
 
MATERIAL AND METHOD  
 
Description of the test area 
The salt deposit from Ocnele Mari area is 
located in the central-southern part of Romania, 
in the Valcea Sub-Carpathians area which is 
affected by uplift geotectonic movements at a 
rate of 2-4 mm/year, surrounded by hills with 
an altitude between 400m and 600m. The 
climate is temperate continental with an 
average precipitation of 700 mm/year, up to 
1.225 mm and 1.295 mm registered in rainy 
years which favours soil erosion and gulling 
(Fig. 1) [2]. 
In the Ocnele Mari site many collapses took 
place over the time science 1968 when the first 
sign of surface damage occurred. In 2001, the 
field around of the S377 well collapsed and the 
brine was discharged at a rate of 17m3/s in the 
rural areas, devastating human settlements and 
polluting the Sarat River. In 2005, the field 
around of the S365 well also was collapsed as a 
result of the crash of the banks cavern so that 
the brine was discharged at a rate of 24m3/s 
over dam safety because the retention basin 
could not take the entire quantity of brine. 
The Ocnele Mari salt mine area is composed of 
reddish-brown soils, chernozem, cambric 
chernozem, pseudoglay and alluvial soils. The 
chernozem soils, combined with the ravenna 
and deforestation phenomena, were conducted 
to the land degradation (Fig.2). 
According to the CORINE biotopes 
classification, land cover/land use of the 

studied area can be classified in seven 
categories: (1) deciduous; (2) transition areas 
with shrubs; (3) natural grasslands; (4) 
orchards; (5) rudder communities or extensive 
crop fields; (6) secondary grasslands and (7) 
towns, mines and saline. 
 

 
 

 
Fig. 1. Ocnele Mari salt mine area: button up – Corine 

land cover classification (scale 1:200 000); button down 
– salt mine area (ANCPI source). 
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Fig. 2. Land degradation in the Ocnele Mari area 

 
 
Dataset 
In this study, Landsat TM and Landsat ETM+ 
datasets covering 1985 – 2011 time span period 
were processed, analyzed and interpreted in a 
GIS environment to evaluate the land 
degradation effects on vegetation coverage. The 
datasets were chosen so that the test site was 
not covered by cloudy formations; to 
correspond with collapses from 2001, 2005, 
2007 and 2009; and the vegetation stages (from 
May to September).  
An ASTER image acquired in July 2002 
enhance the capability of vegetation and 
lithological discrimination between the rocks 
due to high resolution radiometer which 
collected data in 14 bands: three in the visible 
and near-infrared (VNIR) portion of the 
electromagnetic spectrum with 15 m spatial 
resolution, six in short-wave infrared (SWIR) 
with 30m spatial resolution and five in the 
thermal infrared (TIR) with 90m spatial 
resolution. 
 
Methodology 
Normalized difference vegetation index defined 
as the difference between the spectral 
reflectance in near-infrared (NIR) and red (R) 
bands over their sum [8, 10]) (eq. 1) reduced 
multispectral measurements to a single value.  
 

NDVI = ]1,1[, NDVI
RNIR

RNIR         (1) 

     

Areas of barren rocks, sand and salt show very 
low NDVI values (0.1 or less). Sparse 
vegetation such as grassland or senescing crops 

may result in moderate NDVI values 
(approximately 0.2 to 0.5). Dense vegetation 
such as forest or crops at their peak stage was 
associated with high NDVI values 
(approximately 0.6 to 0.9). NDVI values can be 
averaged over time to show the growing 
conditions in a region for a given time and the 
health of vegetation in that place. A NDVI 
temporal series analysis can reveal the thriven 
or stressed vegetation, as well as the changes in 
vegetation due to human activities, natural 
disturbances or changes in phonological stage 
of the plant. 
Change detection methods are commonly used 
in monitoring land degradation. Change can be 
identified either as a change in the percentages 
of the components and as change in the number 
of environmental components. Visual 
interpretation and direct measurement using 
map algebra are used in this technique. Land 
cover degradation can be estimated using 
change vector analysis by assessment of the 
direction and magnitude of the change between 
two time periods [1, 4]. 
Another critical parameter in the process-based 
models of vegetation canopy response to global 
change environment is leaf area index (LAI) 
defined as the total one-side area of 
photosynthetic tissue per unit ground surface 
area [13]. The LAI of vegetation depends on 
species composition, development stage and 
seasonality. There are two methods to estimate 
LAI: direct measurements (in-situ data) and 
indirect measurements (retrieved from 
multispectral satellite imagery).  
Recently LAI research focus has shifted from 
an empirical and statistical stage to process 
based modelling stage due to involvement of 
remotely sensed datasets and numerical model 
implementation [3, 12]. The specific leaf area 
vegetation index (SLAVI) developed for 
Landsat imagery is computed by applying the 
formula:   

 

SLAVI = **

*

MIRRED
NIR

      (2) 

 
Where   

*NIR  = Reflectance in the Near-Infrared Band 
*RED  = Reflectance in Red Band 

*MIR  = Reflectance in Middle-Infrared Band. 
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Ratio drought index (RDI) is designed to detect 
vegetation drought conditions and with little 
moisture content relating precipitation with the 
evapotranspiration (eq. 3). 
 

NIR
MIRRDI                                                     (3) 

 
Normalized difference water index (NDWI) is 
used both to extract water body and to 
characterize the areas that were susceptible to 
saturation [5]. As the NDVI, the NDWI employ 
the near infrared band and a band from short- 
wave infrared (SWIR): 
 

]1,1[, NDWI
GNIR
GNIRNDWI                         (4)  

 
The radiant surface temperature provides 
information on energy balance between land 
surface and environment. Thus, the thermal 
index is based on two phenomena: one is the 
shielding effect of the canopy which blocks and 
absorbs energy and the other is evaporation 
from the leaf surface which mitigates warming. 
The source of thermal information is thermal 
infrared of Landsat 5 TM (band 6) which is 
calibrated in radiance for retrieving the ground 
temperature. The temperature calibration has 
been done using equations 5 and 6. 
 

L = QLLL *)255/)(( minmaxmin          (5) 

 

T = )1//(ln( 12 Lkk                                      (6) 
Where:  L: value of radiance in thermal infrared 
 T: ground temperature 
 Q: digital record.  
 
RESULTS AND DISCUSSIONS 
 
The Landsat MSS data were calibrated in 
radiance and reflectance for analysis and 
interpretation. The 4-5-3 composite (Fig. 3) 
llows distinguishing between vegetation types 
and highlights the land/water interface and 
variations in moisture content. Thus, vegetation 
appears in shades of red, plants having relative 
lower moisture content give orange color while 
the green tones tell us the vegetation reflects 

lower in VNIR and higher in SWIR. Urban 
areas and no vegetated soils give the blue 
towards grey tones. 
The principal component analysis was applied 
to Landsat images using ENVI software to 
evaluate the variation in land use and land 
cover. The results in Fig. 4 show a decrease in 
the vegetation coverage and an increase in  
salty the soils and artefact. Land degradation is 
more pronounced in the data acquired after the 
Ocnele Mari salt mine collapse from 2009. As a 
consequence of this disaster, Romanian 
authorities decided to take measurements for 
ecologized and evergreening the mining area by 
elaborating a program for safe exploitation of 
the salt deposit which is reflected in the 2011 
Landsat dataset. 
The vegetation indices (NDVI) are retrieved 
from Landsat and ASTER imagery and 
integrated in ArcMap to mapping. The obtained 
maps are prezented in Fig. 5, Fig. 6 and Fig. 7. 
It is noticed that NDVI are unable to highlight 
subtle differences in canopy density. Moreover, 
an anomaly is observed in the NDVI dataset 
acquired in July 2007 which is investigated 
taking into account specific leaf area vegetation 
index, potential evapotranspiration and thermal 
index [7]. The vegetation anomaly presence 
results from either drought phenomena or 
higher plant moisture content. The RDI and 
NDWI maps analysis (Fig. 8 and Fig. 9) 
explain the vegetation anomaly namely higher 
plant water content. 
The NDVI change detection was performed 
based on the assumption that the values of the 
pixels associated with the vegetation changes 
present values significantly different from those 
of the pixels associated with unchanged areas, 
so called "difference image". Changes are then 
identified by analyzing (thresholding) the 
difference image. This unsupervised technique 
can influence the reliability and accuracy of the 
final change detection map. Landsat imagery 
acquired in June 1985, June 2007 and August 
2010 was used to detect changes in the NDVI 
data. 
 
 

172



 

 
Fig. 3. Landsat image color composite (bands  4-5-3 ) acquired on 27.06.1985 

 
 

 
Fig. 4. Principal component analysis of Landsat imagery acquired in 1985, 2009 and 2010 
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Fig. 5. NDVI retrieved from Landsat 5 TM imagery: (1) top left: 27 June 1985; (2) top right: 3 August 2010;  
(3) Bottom left: 18 July 2007; (4) Bottom right: 22 August 2011. 

 

 
 

Fig. 6. NDVI retrieved from ASTER imagery acquired on 2 July 2002 – zoom on the salt mine area 
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Fig. 7. Graphic representation of the NDVI data 

 
 

 
Fig. 8. Drought ratio retrieved from Landsat imagery, 18.07.2007 
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Fig. 9. NDWI density sliceling retrieved from Landsat imagery acquired on 18.07.2007 

 
 

 
Fig. 10 Change detection technique applied to NDVI for 1985 – 2010 period monitoring (zoom-in)  
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Fig. 11. Change detection technique applied to the red band of the LANDSAT sensor 

 
The result shown in Fig. 10 confirms vegetation 
degradation in the Ocnele Mari salt mine area. 
A  decrease by 14.6 ha is observed in the Field 
II of probe while the Field III and Field I are 
less affected by the degradation (3.06 ha and 
1.98 ha).   
The red band change detection analysis which 
allows the boundaries delimitation among 
different soil types and geological structures 
validates the previous results (Fig.11). Land 
degradation in the Field II of probes is about 20 
ha while in the Field I and III the degradation 
phenomena is less semnificative (about 5ha and 
3ha). 
 
CONCLUSIONS  
 
The paper presents the theoretical and 
experimental aspects related to the methods and 
techniques for determining the degradation of 
vegetation and land in the area of the rock salt 
deposit from Ocnele Mari.  
In the vegetation coverage study, one must take 
into account several factors: climate regime, 
soil type, geomorphology and land use, being a 
key indicator of environmental conditions: any 
vegetation coverage changes allows 

understanding the phenomena that has led to 
changes in other factors of the environment. 
Vegetation indices are used for the detection of 
plant biomass and the analysis of the 
environmental changes in areas affected by 
drought or floods, as well as for the quantitative 
risk assessment of land degradation. 
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Abstract 
 
The paper deals with an inherited inadvertence that became anachronistic. When physical events like earthquakes, 
droughts, heavy rains, landslides, storms and/or volcanic eruptions occur in populated areas they are properly called 
hazardous events. Their probabilistic occurrence is thus emphasised. But hiding human involvement and responsibility 
in the consequences of those events under the euphemistic syntagme “natural hazards” is an impiety. Nowadays, due to 
population growth and human cumulated errors Planet’s balance is in danger.  Urgent solutions for controlling the 
created situation are strongly expected. Agriculture plays a crucial role in restoring the harmony between nature’s 
basic components. It’s worth doing the best that conference’s slogan Agriculture for Life, Life for Agriculture to come 
true.   
 
Key words: brand, climate, geophysics, hydrology, meteorology  
 
INTRODUCTION  
 
It is a privilege for the University of 
Agricultural Sciences in Bucharest to celebrate 
160 years of Romanian agronomic education. 
During the last two decades a massive support 
was received by University from UNESCO and 
the European Commission to build up a modern 
system of higher education. All curricula were 
updated and improved while by Education 
Projects like Tempus, Ecoleader, Inco-
Copernicus, Cascade, Chef and many others 
Romanian students and scientists were trained 
abroad. By twining with prestigious 
laboratories and universities in advanced 
European countries unexpected opportunities 
for joint projects of teaching and research were 
opened.     
The International Conference organised by 
University is held under an outstanding motto: 
Agriculture for Life, Life for Agriculture. It 
seems to be not only an elevated brand, but also 
an appealing and even challenging slogan. By 
chance or not, this motto appears as a happy 
adaptation of Isaac Newton’s Principle of 
reciprocal actions published in his work 
Philosophiae Naturalis Principia Mathematica, 
in 1687, as Law III. It is the famous law of 
equilibrium that governs everything that moves 
on Earth and in Universe. What is less known, 

this third law of mechanics strictly applies only 
in three conditions which should be fulfilled by 
the two reciprocal actions: 1) Coincidence, as 
their unique position in space; 2) Co-linearity, 
as their unique direction in space; and 3) 
Simultaneity, as their continuity in time.  
Returning now to the motto of conference in 
discussion the two combatant actions, 
Agriculture and Life, are assumed to 
permanently balance each other in space and 
time according to the universal law of dynamic 
equilibrium [7].  
Further, the paper discusses the plausibility of 
the adopted principle because from the ideal 
model used by Newton 325 years ago in his 
philosophy to the real life it is a long way.  
 
GROWTH OF POPULATION  
 
The logic question what arises now is about the 
date of counting the growth? In Egyptian 
mythology the beginning of time is called Zep 
Tepi. It was proved by Oedipus who disclosed 
the riddle of Sphinx: What walks on four legs, 
then two legs, then three legs? His right answer 
was human ages. Scientifically, the year of Zep 
Tepi was discovered by Robert Bauval in 1997 
as 11,451 B.C. in the Old Stone Age. Then, the 
Milky Way was in perfect alignment with the 
course of the Nile, so that they mirrored each 
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others. The Sphinx therefore marks the point 
when consciousness was finally fixed in solid 
matter, as Plato also wrote in Timaeus. Only 
then did the human body, as it is known today, fully 
materialize around the human spirit. The laws of 
physics were then set in motion and from that 
point the dates can be firmly fixed [1]. 
According to Carl Sagan the first landmark in 
human demographic history is the agricultural 
revolution.  It has occurred at the beginning of 
the Stone Age, 10,000 years ago, when 
Astronomy, Mathematics and Music already 
did exists. The subsequent slow rate of growth 
lasted since the industrial revolution, assumed 
by Stephen Hawking, around 1750 in the 
Modern Age. From that second landmark the 
growth of population radically changed [6]. 
Almost immediately, in 1798, Thomas Robert 
Malthus published An Essay on the Principle of 
Population. There he assumed that population 
growth was restricted by available resources. 
Long time his ideas were not confirmed 
because Agriculture was supported by 
contemporaneous technologies (Table 1).  
 

Table 1.Dynamics of population growth 
Year Population Years  
1804 1 billion elapsed
1927 2 billions 123 
1960 3 billions 33 
1974 4 billions 14 
1987 5 billions 13 
1999 6 billions 12 
2011 7 billions 12 
2027 8 billions 16 
2046 9 billions 19 

 
However, the twenty-first century started with 
the assertion that current population growth is 
environmentally unsustainable. Probably, this 
is why in the graph of World Population, 
beginning with this year, a bifurcation was 
inserted without offering details about the 
adopted scenarios. According to the latest 
estimation by 2100 the world population may either 
rise to 16 billion or decline to 6 billions (Fig. 1). 
Beside growth, world population is not at all 
uniformly distributing on Planet’s surface. 
Whether in 1800 only 3% people lived in cities; 
this proportion had risen to 47% by 2000, and 
reached 50.5% by 2010. By the year 2050, the 
proportion of people concentrated in cities and 
megacities may reach 70 % (Fig. 2). 

 
Fig. 1. Estimated world population 1950-2100 

 
 

 
Fig. 2. Megacities with concentrations of inhabitants 

 
Unfortunately, the spaces required for critical 
infrastructures that support world population in 
its dynamics is claimed from Agriculture. In 
exchange Agriculture is supposed to benefit by 
the achievements of advanced technologies. 
This mutual process happens with complicity of 
the environment overloaded by geophysical 
factors and climate change. 
 
NATURAL HAZARDS 
 
As a consequence of the universal law of 
equilibrium on and around the Earth are per-
manently developing some physical phenomena 
generically also called events. Since the Greek 
philosopher Aristotle 384-322 BC, assumed 
that earth, air, water and fire are the basic 
elements of nature the United Nations classified 
the above mentioned events in four categories, 
each represented with a specific  colour: 1) 
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Geophysical events in red which contain earth-
quakes and volcanic eruptions associated with 
landslides. tsunamis and fires. 2) Meteorolo-
gical events in green include all kinds of winds 
and storms, cyclones, hurricanes and tornadoes; 
3) Hydrological events in blue contain floods, 
avalanches and wet landslides, 4) Climatic 
events in yellow include extreme temperatures 
and their consequences like droughts, fires and 
dislocations with rock falls.  
All the four types of physical events did exist 
since millennia, much before the life appeared on 
the Earth. Later one, the physical events strongly 
contributed to the selection and evolution of 
species. When the ancient people appeared they 
learned to live in harmony with nature. Plenty 
of rules, specific for each place and culture, 
guarded the people during centuries so that 
none of the four events was considered harm-
ful. Only at the beginning of twenty century, 
when world population hurried towards 2 
billions, the philosophy regarding the physical 
events has radically changed. Due to the dama-
ges produced to human settlements, sometimes 
with economic losses and fatalities, the four 
events were called natural hazards (Fig. 3) 
 

 
 

Fig. 3. World Map of natural hazards 
 
Sometimes natural hazards are extended on 
large areas, and the affected people need in-
ternational support. Then, they are called great 
natural catastrophes and since the middle of 
the last century were kept under a strict moni-
toring by the German Insurance Company 
Munich Re Group [12]. 
 
STATISTICAL DATA 
 
Three criteria were used by Germans for classi-
fying the collected data: 1) number of 
catastrophes; 2) fatalities; and 3) values of 
economic losses [12]. In average, for the whole 

World and during the considered period, the 
most frequent events were the meteorological 
ones with 41% (Fig.4). 
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Fig. 4. Numer of and catastrophes 
 
By far the most dangerous were the geophysical 
events with 53% (Fig. 5). 
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Fig. 5. Fatalities 
 
Meteorological and geophysical events are 
together responsible for 71%  of economic 
losses (Fig. 6). 
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Fig. 6. Values of economic losses 
 

 
As long as the trend of medium number of 
catastrophes is considered, it increases about 6 
times per century  what is worth of great concern. 
The reason of this increasing trend cannot be other 
than the growth of population and at some extent 
the current climate change [2]. 
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Fig. 7. Number of the great catastrophes on the World during the years 1950 and 2008 

 
 
PLAUSIBILITY PRINCIPLE  
 
Since some decades ago already it was accepted 
that physical events as natural phenomena become 
hazardous when they meet human settlements.   
It was mentioned that the two words of the 
syntagme natural hazards are coming at odds 
with the real meaning of events [2].  
By coincidence, during the above mentioned 
period of almost sixty years of data collection the 
former deterministic concepts of engineering have 
been replaced with the probabilistic ones. 
Scientifically, it was a remarkable progress with 
great economic benefits. However, the humans 
were not created to think and act probabilistically. 
Real life is clearly deterministic. Probabilistic 
concepts are only additional tools of thinking and 
nothing more. This is why the International 
Organisation for Standardisation (ISO) in Geneva, 
for practical purposes, imagined a clause for 
conversion the two thinking concepts in each 
other. Indeed, the standard ISO 13822:2001 by 
clause 7.4 states: …the assessment shall withstand 
a plausibility check. Plausibility is a noun that 
derives from Latin plausibilis and means in that 
language deserving applause, and currently 
seeming true or trustworthy. Checking the 
plausibility of something is definitely an 
individual act of freely altogether thinking.  
By using the plausibility principle in the case of 
the above mentioned syntagme its euphemistic 
character is immediately disclosed. It becomes 
obvious that by adjective natural the human 
involvement and responsibility in all catastrophic 

events is avoided [10]. On the other side, in spite 
of so many definitions and theories about natural 
hazards that recently flooded the literature, in the 
Academic Life of Japan it is almost unanimously 
accepted that syntagme natural hazard is the best 
proof of human mistake. Only by recognising this 
truth one can prevent the occurrence of other 
similar mistakes.  
 
HISTORY LESSONS 
 
In all national and regional cultures old teachings 
about how to deal with physical phenomena do 
exist.  Romania is a country very rich in such 
treasures, and all villages have their own 
protection rules according to specific environ-
mental conditions. For instance, to reduce the 
effects of storms and also of flooding waters 
village streets are never planned straight, but 
always winding. For the same reasons  churches 
are located on hills or promontories. In hilly zones 
the fields are never ploughed from top to bottom, 
but always following the level curves. The heights 
of houses are also carefully chosen in villages. In 
plain areas where strong winds and storms occur   
all houses are of short heights and with low roofs. 
On the contrary, in hilly areas, where houses are 
protected by environment, they are higher and 
with lofty roofs.  
Usually, the above mentioned rules were 
orally transmitted from a generation to 
another. Romanian folklore also was involved 
in spreading such kind of knowledge for 
living in harmony with nature.  For advanced 
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lessons some legends, often based on riddles 
or allegories, were used. It is the case Master 
Manole Legend which refers to a church built 
up exactly 500 years ago, in 1512. It is 
accepted now that it was the first Code of 
seismic protection in Europe [3].    
Twenty years ago Al Gore published in the 
United States an overview of Planet’s 
environment. Three issues were developed 
then: 1) Balance at risk; 2) The search for 
balance; and 3) Striking the balance [4]. Then, 
in 2006, in another book he presented 
dramatic proofs about the combined effects of 
climate change and so called natural hazards 
[5]. As full recognition for his research and 
ideas Al Gore was rewarded with Nobel Prize 
for the year 2008. 
 
ACCEPTED RISK 
 
In the probabilistic theory of safety the 
concepts accepted risk and assumed risk are 
often used. They define the probable level of 
expected damage or failure. The choice is 
based on two main criteria: 1) loss values; 2) 
fatalities. For less harmful events the accepted 
risk may assume 2% or 3%, while for severe 
events the risk can be lowered much under the 
unit, to 1:1.000.000, for instance. The options 
also depend by the available budgets and 
cultural level of gouvernements.   
According to Eurocode 1 the concept of 
accepted risk is now available for use in any  
durability analyses regarding all works carried 
out by humans. Unfortunately, few of 
designers are properly applying these 
concepts  and the consequences do not delay.  

At the very beginning of twenty-first century 
in El Salvador, due to deforestisation in a 
seismic area, a landslide produced 585 
fatalities, 108.261 houses destroyed and 
169.962 houses damaged (Fig.8). Not much 
later, due to a human design error, in a few 
seconds a landslide covered   the Highway 
Taipei-Keelung in Taiwan (Fig. 9). On 3/11, 
2011, after Hiroshima and Nagasaki, a new 
name of sad remembrace was recorded in the 
history of Japan, a country organised  like an 
anthill. It is Fukushima, the place of nuclear 
power plants  (Fig.10). In spite of the so many 

isles in the Pacific Ocean naturally protected 
against tsunamis by coral reefs, the Japanese 
accepted exposure to risk was paid at a cost 
much too high. 
 

 
Fig. 8.  El Salvador, San Tecla January 13, 2001 

 

 
Fig. 9. Taiwan, Taipei Highway, April 26, 2010 
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Fig. 10. Fukushima nuclear power plants 

 
 
PLANET, QUO VADIS? 
 
Two events of ancient history are worth of 
remember. First is Babylon. Founded  by the 
King Hammurabi (1728-1686 BC) and raised 
to the first world metropolis by the King 
Nebuchadnezzar II (605-562 BC) it failed for 
ever after the unexpected death in 323 BC of 
Alexander the Great. The second one 
happened in Rome. The Great Fire of Rome, 
in AD 64 during Roman Emperor Nero, has 
radically changed empire’s fate [9]. Now the 
things are also critical, but essentially 
different. The whole Planet is in a global 
danger. Theory of self-selection cannot be 
accepted under any reason. Urgent solutions 
for balancing the Planet are strongly expected. 
This is why any contribution will be mostly 
appreciated.  
 
CONCLUSIONS  
 
The euphemistic approach of the physical 
phenomena that disturb the balance of 
environment by damages and fatalities is no 
longer appropriate. Human direct involvement 
and responsibility in such events should be 
finally recognised not only for the sake of 
truth, but especially for preventing further 
disasters and keep the existing fragile 
equilibrium, created by population growth, 
under control.  

Agriculture plays a crucial role in restoring 
the harmony between nature’s basic 
components, and now the humanity has the 
best opportunity to display the force of its 
consciousness acquired 13,463 years ago. So 
it’s worth doing the best that conference’s 
slogan Agriculture for Life, Life for 
Agriculture to come true.  
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Abstract 
 
Given that over 80% of the EU territory is represented by rural areas inhabited by over one quarter of the EU 
population, the Agenda 2000 of the European Commission adopted in June 1997 includes „coherent policies of 
sustainable rural development”. Since the Republic of Moldova has regained its independence, it has been eager to 
occupy its own place among the democratic nations of the world and currently nourishes hopes to build a competitive 
economy. This paper will consider the ways, components, implications of the export system, preceded by a very brief 
description of the specifics of the Republic of Moldova. The case of the microfinance system will be used for a better 
exemplification, especially the part focusing on rural areas, analyzed from the quantitative and qualitative points of 
view. 
 
Key words: Rural Area, Local Development, Microfinance, Welfarist and Institutionalist Approach, Non-banking 
Finance Institution, Credits and Saving Association. 
                                                    
 INTRODUCTION 
 
The definition of rural space has become a 
constant pursuit for various organizations of the 
European Community and affirms that „A rural 
space comprises an internal or a coastal zone 
containing villages and small towns, where 
most of the land is used for: 
- agriculture, forestry, water resources and 
fishery; 
- economic and cultural activities of the 
inhabitants of these zones; 
- leisure and entertainment of non-urban or 
nature protection character; 
- other destinations (except for dwelling).” 
In 1997, OECD proposed to classify a rural 
space „if the population density is less than 150 
persons per square kilometer” and to identify 
the following three categories, depending on 
the share of population living in rural 
communities: 
- predominantly rural, over 50% of population 
living in rural communities;  
- significantly rural, 15% to 50% of population 
living in rural communities;    
- predominantly urban, under 15% of 
population living in rural communities. 

This essay considers the ways, components, 
implications of export system, preceded by a 
very brief description of the specifics of the 
Republic of Moldova. The case of the 
microfinance system will be used for a better 
exemplification, especially the part focusing on 
rural areas, analyzed from the quantitative and 
qualitative points of view.  
 
1. Brief outlook on natural and economic 
potential, human capital and mobility 
The natural potential of rural space in the 
Republic of Moldova is made up of varied 
relief, spectacular landscapes, climatic 
conditions, water resources, flora, fauna, etc. 
At the beginning of the current year, the country's 
land fund has constituted 3384.6 thousand 
hectares. The area of agricultural lands comprises 
2511.8 thousand hectares, that is, 74.2% of the 
total area, including 1820.2 thousand hectares or 
72.5% arable lands, 301.8 thousand hectares /12 
percent/perennial plantations, 364.2 thousand 
hectares (14.5 percent) meadows and pastures 
and only 25.8 thousand hectares (or 1%) non-
arable lands.  
One of the most controversial problems that 
occurred in the result of land transfer to private 
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property is the legal-organizational form of the 
agricultural enterprises. Agricultural lands are 
held by enterprises and organizations (state 
entities, joint stock companies, collective 
farms, etc.), farmer's units, auxiliary units and 
other land owners. The area of land lots 
attributed to small agricultural producers, 
farmer's units and auxiliary enterprises 
decreased from 1048.7 thousand hectares in 
2003 to 987.4 thousand hectares in 2009. 
The agricultural lands attributed to farmer's 
units even within the limits of the same locality   
may be fragmented into several lots. As a 
sequence, the consolidation of farmer's units 
and the extension of agricultural enterprises is 
an objective necessity for the implementation 
of   efficient technologies. There are two 
models of land consolidation with the scope of 
forming large agricultural holdings: 
- the Soviet model - previously followed by our 
country, when lands consolidation was 
conducted under the pressure of the dictatorship 
regime. Consequently, the peasant was 
transformed into an employee of "kolkhoznic" 
or sovhoznic" type; 
- the western model that provides for deliberate 
association of small agricultural producers into 
large holdings based on the principles of market 
economy. This process is quite slow. For 
instance, in France, the share of agricultural 
holdings with areas exceeding 50 ha increased 
from 4.3% in 1955 to 32.9% by 2003.  
Evidently, we consider appropriate to follow the 
western model of consolidating agricultural 
lands granted that this process takes place in 
accordance with the requirements of the EU-
Republic of Moldova Action Plan for the years 
2007-2013, which encourages us to „continue 
the processes of voluntary re-parceling and 
consolidation of agricultural lands by means of 
land market”. 
Since 2000, Moldova's economic performance 
has been commendable, in contrast to its 
deteriorating performance through most of the 
1990s. The real GDP growth has been strong, 
averaging 6.6 percent since the recovery began 
in 2001. Moldova’s transition to a market 
economy system has been marked by a 
particularly prolonged and deep recession. 
Russia and the Ukraine, economies with which 
Moldova has strong trade ties, experienced 

similar problems. As a result, real GDP in 2005 
was still less than half of the 1989 level. This is 
one of the worst performances amongst the 
transition countries listed by EBRD.  
Economy showed remarkable resilience in 2006 
and 2007, followed by a yearly doubling of 
energy prices, a Russian ban on wine exports, 
and severe drought. Since 2007, growth slowed 
each upcoming year, stabilizing in 2011. 
Although investment has been picking up, 
Moldova’s impressive growth performance still 
remains largely consumption-led, driven mainly 
by the inflow of workers’ remittances. This was 
largely due to Moldova’s high vulnerability to 
external shocks (given its trade structure) and 
adverse weather conditions. Moldova’s external 
vulnerability has been further highlighted by the 
developments occurring since the beginning of 
2006: firstly, the doubling in the price of natural 
gas imports from Russia and, secondly, the 
Russian ban on Moldovan wine imports 
effective since the end of March 2006. The 
recent global financial and economic crisis has 
had a serious negative impact on remittances, 
exports, imports and budget revenues since the 
beginning of 2009.  
For the Republic of Moldova, agriculture was, is 
and, in the nearest future, will remain the most 
important segment of our national economy. The 
contribution of agriculture to the formation of 
GDP in our country decreased from 22.4% in 
2001 to 8.9% in 2011. 
In all countries, and obviously in our country as 
well, agricultural products are produced mainly 
for the internal market. The internal market of 
the Republic of Moldova is limited to 3.6 
million of consumers and conditioned by their 
purchasing power. 
From 2001 to 2008, the monthly average income 
per person increased by 4.9 times, further 
registered a stagnation, but even on the pick of 
growth in 2008 it covered only 86.9% from the 
monthly average value.  
In the Republic of Moldova, one of the poorest 
European countries, there is a considerable 
discrepancy between the disposable income of     
the rural and urban population. In the year 2010, 
the share of population with disposable income 
under 200 lei (14 EUR) per month in the urban 
areas was 1.1%, while in the rural space it was 
4.4%.  

186



 

 

If, in the urban areas, the population with 
disposable income under 1000 lei per capita per 
month was 52%, then in the rural areas it 
constituted 71.1 percent. The share of 
population with disposable income over 1600 
lei per month was 20.8 and 9.6 percent, 
respectively. Hence, one may easily conclude 
that the poverty level in the rural areas is much 
higher compared to the urban ones. 
The disposable income determines the 
structure of people's consumption costs. Both 
in the rural and urban areas foodstuffs and 
non-alcoholic drinks occupy the major place 
in the cost structure. In the year 2010, in the   
urban localities, foodstuffs occupied 41.2% of 
the costs while in the rural areas they 
occupied 46.4 percent of total costs. The 
external trade geography has changed 
categorically especially after the wine embargo 
imposed by Russia in 2006, the main destination 
for about 85 % of total wine products exports at 
that time, which forced reorientation towards 
other markets than the CIS countries and 
registered 52% to the EU countries in 2011. 
Thus, starting from the situation created on the 
food and agricultural market, we consider that 
the economic and financial crisis is quickly 
approaching Moldova; it can be diminished by 
the evaluation of the offers from the side of the 
European market. 
Human capital is one of the most important 
elements for rural development. There is a 
direct correlation and complex mutual 
dependency between human resources and 
territorial    development. The population of the 
Republic of Moldova increased from 2.88 
million people in 1959 to 4.34 million in 1989, 
and then it decreased down to 3.57 million in 
2008. 
Although the territory of the Republic of 
Moldova is compact enough, the evolution of 
the demographic phenomena (natality/birth 
rate, mortality/death rate, natural growth, etc.) 
have a different regional character; however, 
they generally maintain the same trends as the 
national ones, with only some differentiations.  
There is an essential gap in the evolution of the 
demographic phenomena in various zones and 
administrative units, and in the demographic 
units and age groups, respectively.  It is difficult   
to follow the evolution of the population 

number due to the numerous territorial changes 
that have occurred in the past decade. But one 
can certainly assert that the number of 
population has decreased in all administrative 
units.  Even the evolution of the depopulation 
process in the urban and rural communities is 
different. The number of rural population 
decreased in all zones. Depopulation affected to 
a greater extent the large communities in the 
Northern and Southern areas. 
The number of rural inhabitants is affected by 
smaller oscillations. In the year 1979 the 
number of rural population was the largest, 
accounting to 2.42 million people. Even 
nowadays it exceeds the figure of 2008 when 
the rural population attained 2.09 million 
people, accounting 86% of the peak year value.  
The village is the basic organizational unit of 
rural space. As of 1st January 2008, the 1575 
villages of our country were grouped into 917 
communes. The density of localities is on 
average 4.65 villages per 100 square 
kilometers. The average population number of 
one village is 1331 people, but it varies from 
less than 100 to over 100,000 persons.  
The population migration, one of the most 
complex demographic phenomena, exerts a 
considerable influence on the economic and 
social development of the state, on the 
distribution of population and human resources, 
and on the development of human habitat. Very 
often, the same type of migration is caused by 
several factors that concur according to the 
specific conditions of each stage in the history 
of the development of human society. 
Population migration, as a component of the 
whole migration process, is very different.  
Internal migration is not recorded, which makes 
it difficult to study the territorial mobility 
manifestations in accordance with the 
conditions of state development in each stage.  
 In relation to the information regarding the 
internal migration of the population during the 
period when statistical records were made, we 
can find the following: 
• Within the internal (urban, rural) migration, 
approximately 180-200 thousand migration acts 
are recorded each year, i.e. up to 80-90 
thousand inhabitants change their residence 
every year; 
• These directions are distributed as follows: 
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 urban to urban – 24%,   
 urban to rural – 26%,  
 rural to urban – 35%,  
 and rural to rural – 15%.  

One can see that the predominant part of 
migration is between the urban and rural 
communities, which generally accounts for 
61%. The rate of population migration between 
rural communities is insignificant (15%). 
Specialized studies show that, on the direction 
rural to rural, predominant is the population 
migration from small rural communities, 
categorized as lacking perspective, to large 
rural communities, categorized as rural 
communities with perspective, concentrating 
economic, social, cultural activities. Small 
towns are not attractive and they do not have 
the capacity to maintain the population in the 
territory. Chi in u maintains a high level of 
attraction, in its capacity of capital city and 
great economic, political, and cultural center, 
and, to a lesser extent, the town B l i.  
According to the UNFPA Report “Situation of 
the World Population 2007”, the Republic of 
Moldova continues to be the most ruralized in 
Europa. Considering internal migration, we can 
underline some key issues: 
• Internal migration of population holds the   
main place in the distribution of population 
between the rural and urban zones; 
• The lack of statistical evidence of internal 
migration generates studies on this important 
segment of population migration, based on 
intuition and some unofficial data – demand 
research, based on samples; 
• The intensity of the internal migration can be 
a measure resulting from the processes of 
urbanization and population concentration. 
On the other hand, Moldova has faced a big 
challenge due to external migration. The 
population migration under the present 
conditions of the Republic of Moldova requires 
a new vision of migration place in state  
development, and depends directly on the force 
of “attraction/rejection” factors, which are 
mainly economic. At the same time, both 
emigration and immigration have deeply 
changed the demographic situation:  
 emigration reduces the long term economic, 

demographic, and social potential of society.  

 demographic losses of economically active 
population,  
 diminution of demographic genotype,  
 definitive disintegration of many families 

by formal or informal divorce.  
Thus, a negative consequence of the external 
migration is the loss of reproductive population, 
economically active population and qualified 
population, according to the social and 
economic criteria.  
Illegal migrants represent the young population 
that lacks economic and social protection, 
whose life is subject to a higher risk, including 
in the European space, characterized by a 
higher degree of insecurity. Nevertheless, in 
their countries of residence, migrants do not 
enjoy social protection. Furthermore, in the 
context of its vicinity with the European Union, 
the Republic of Moldova must establish some 
priority options regarding migration with the 
states in the region. Given its low living 
standards, the Republic of Moldova has 
practically no chances to attract human 
resources. According to the statistics of the 
National Bank of Moldova, in 2008-2011, the 
citizens of the Republic of Moldova working 
abroad transferred an average of 1.7 billion US 
dollars through commercial banks, which 
represents approximately one third of the GDP. 
Since 2007, the Republic of Moldova has 
ranked first in the top of states according to the 
GDP remittances, with a share of 36.2 percent, 
competing Tajikistan. 
How we can influence the migration process? 
What changes must be done? What must be 
done to   assure the countries' minimum 
reproductive fund? With a great assumption, we 
can say that one of the solutions might be a 
well-functioning microfinance system.   
2. Premises, modalities, causes and effects of 
“export” of “new” products by international 
institutes. 
Social exclusion is a complex phenomenon, 
dynamic and multidimensional, linking various 
dimensions of life from which people are 
excluded. There is no single, agreed definition, 
mainly due to the difficulty in defining an ideal 
referenced state of inclusion.  
Social exclusion refers to marginalization from 
employment, income, social networks such as 
family, neighborhood and community, decision 
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making and an adequate quality of life. The 
problems of social exclusion are often linked 
and mutually reinforcing. It is often difficult to 
disentangle the causes and consequences.  
The risk of social exclusion is highest for those 
with multiple disadvantages. However, 
unemployment is the major factor that 
contributes to social exclusion, as employment 
and job security promise an income to satisfy 
basic needs and provide social integration and 
social identity at the same time. 
Financial exclusion can be described as the 
inability of individuals, households or groups to 
access necessary financial services in an 
appropriate form. The causes and consequences 
of financial exclusion can contribute to social 
exclusion. Those unable to access finance for 
enterprise development or personal 
consumption have greater difficulty in 
integrating economically through employment 
and self-employment.  
Eastern Europe has experienced dramatic 
economic change in the past 17 years where 
structural reasons for social exclusion prevail in 
the former communist countries. These reasons 
are, first of all, unemployment caused by the 
collapse of state-owned industry and farms 
followed by significant social welfare cuts.  
In Western Europe, social exclusion is also 
linked to unemployment. Here, however, 
unemployment is partly the result of the shift 
from industrial-based economy to service-
oriented and technology-dominated economy. 
And, although the welfare state is under 
pressure, when compared to Eastern Europe, it 
continues to provide significant benefits under 
the form of income support, national health and 
retirement payments.  
The fight against social exclusion has been a 
major concern of EU policy since the early 
1990s. Facilitating participation in employment 
and access to resources, rights, goods and 
services for all have become key European 
goals. In order to increase transnational policy 
cooperation, all Member States have been 
asked to prepare national action plans on social 
inclusion.  
The Role of Microfinance in Social and 
Financial Inclusion. Microfinance refers to the 
provision of financial services - micro-loans, 
savings, insurance or transfer services - to low 

income households. It is widely seen as 
improving livelihoods, reducing vulnerability 
and fostering social as well as economic 
empowerment. Microcredit refers to provision 
of micro-loans for microenterprise development 
and can be a tool for social as well as financial 
inclusion, as it helps to prevent and redress all 
areas of exclusion – poverty, low income, lack 
of employment - which are evidenced as a 
major component and reason for social 
exclusion. Moreover, programs that provide 
training, advice and networking opportunities 
enhance skills and social empowerment of 
underprivileged groups, further contributing to 
inclusion.  
The question of how best to provide financial 
services to the poor has fueled intensive debates 
worldwide. The debate can be summarized into 
two different schools of thought: the 
institutionists and the welfarists. Although both 
view poverty alleviation as their prime 
objective, each camp defines poverty 
differently, and, consequently, each has a 
different view of what is the best means of 
helping the poor gain access to financial 
services.  
The institutionists believe that microfinance 
will make a significant and permanent dent in 
poverty only if microfinance is significantly 
scaled up through its integration into formal 
financial systems which can guarantee 
permanent and financially self-sufficient 
services for large numbers of poor people.  
Welfarists do not believe that full financial self-
sufficiency is a prerequisite for them to be able 
to reach poor people. They fear that the need to 
be financially self-sufficient (profitable) in 
order to attract private capital will divert 
industry from its paramount goal of poverty 
alleviation. The microcredit programs 
implemented in the most of the East European 
countries generally fall into the institutionist 
school of thought and those implemented in the 
West generally fall into the welfarist approach. 
This difference is the result of historical, 
structural and legal factors; it creates excellent 
opportunities for cross regional sharing of best 
practices but also potential conceptual as well 
as practical difficulties in their application.  
The Republic of Moldova is the only place 
were the two approaches met at the same time, 
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from 1998 to 2004. The Institutionists were 
represented by World Bank group and the 
Welfarists by German Technical Assistance 
(GTZ). Aiming at the most vulnerable part of 
population, they started building the national 
microfinance system from creation and 
developing of Saving and Credit Associations, 
limiting their placement to rural area, i.e. 
villages. In order to understand this choice, it is 
necessary to have a glance over the past.   
During the soviet period, a branch of the saving 
bank existed in almost every village, mobilizing 
important amounts of savings from the 
population. Low interest credit facilities 
allowed young families to start off a new 
livelihood, this concerned especially credits for 
the construction of houses. The system 
collapsed due of high inflation during the early 
1990’s, in the first years after the proclamation 
of Independence. This led to the loss of all 
savings.  
Because peasants have lost their life savings, it 
was difficult for the financial institutions to 
start new saving activities, even in the self-
managed saving and credit associations. That 
was why the collection of deposits by 
commercial banks was highly insignificant 
during 1998-2002. Farmers lost their trust in 
these institutions, so whenever there was cash, 
it was immediately invested in assets or 
consumed. Trust in financial institutions had to 
be regenerated. After 1991, with the start of 
market economy relations, a process of 
informal lending was developed in rural areas. 
In villages, the money lending process was not 
conducted on a constant basis. Farmers used to 
borrow money when there was an urgent need, 
and lent money to others when they were able 
to.  
Today, the financial sector is still resilient to the 
effects of the financial crisis, but its capacity to 
credit the economy, in the current 
circumstances, is seriously affected. The most 
developed segment of Moldova’s financial 
infrastructure is the banking sector. It is 
comprised of 15 commercial banks. Its banks 
have high capital-to-asset ratios of more than 
17% and low levels of lending. The main 
shortcoming, common to all banks, is the lack 
of cheap credit resources.  

While Moldova achieved independence in 1991 
as a middle-income country, it is now one of 
the poorest countries in Europe, with GDP per 
capita significantly below the average of 
Central European countries. Moldova is ranked 
117th in the 2009 Human Development Report, 
with a Human Development Index (HDI) value 
of 0.72. Thus, Moldova is one of the lowest 
ranking countries, in terms of HDI, covered by 
the European Neighbourhood Policy. With a per 
capita income of US$ 880 (GNI Atlas method, 
2005), Moldova is the poorest country in 
Europe and the only one currently classified as 
a low-income country by the World Bank. 
Many of those who have recently moved out of 
poverty are just above the poverty line and are 
vulnerable to an economic downturn. Thus, 
massive land privatization and 
institutionalization of National Castrate System 
fertilized the land for SCAs development. 
Both donor organizations applied to local 
NGOs services in order to achieve their goals, 
ensuring the transfer of knowledge in a 
different way. Regardless of the differences 
mentioned above, both participants estimate the 
projects relevance at highest level.  First of all, 
there was a proper design, target groups were 
selected among the poorest out of poor; during 
the projects, 33500 people got an access to 
finance that allowed them not only to survive, 
but also to improve their livelihood. Moreover, 
it facilitated the “credit history”, making them 
more attractive for the banking system. We can 
conclude that this particular innovative 
financing was “delivered” just in time. 
There were divergences in the efficacy 
evaluation. WB group considered it as 
considerable while GTZ classified as good, 
mainly because of the differences in approach. 
WB provided massive assistance to institutional 
development while GTZ relied on the existing 
local structures. Trying to find the best one, we 
faced a problem. In our case, both approaches 
were the best ones as Moldova got some brand 
new institutions and enhanced (improved) the 
existing capacities at the same time. For a small 
country like Moldova, it was a tremendous 
success. Speaking about effectiveness, we 
cannot compare these two donor institutions 
just because they enriched the newly created 
institutions such as the National Federation of 
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Saving and Credit Associations and the State 
Supervisory Body by different means, that 
where most likely complimentary than 
contradictory. WB ensured a proper financing 
and some strategic hints and GTZ came with a 
massive Technical Assistance. The National 
Federation of Saving and Credit Associations 
was designed as a lobbying, consultancy and 

the training institution while the State 
Supervisory Body as a main monitoring 
institution for SCAs. Both institutions were 
created by WB assistance and GTZ joint later 
due to the divergences in the view over how it 
should be, that was described in the 
differentiation of the two main schools. 

 

Table 1. Comparative analysis of donors’ approaches 
Approaches WB group GTZ 

Management  Project implementation unit with local experts, 
combined with short-term visits of 
international experts teams (1-2 week/visit) 

Established office in Moldova with a 
permanent international experts team 
based on mid-term assignment (3-4 years)

Transfer of Knowledge Sort-term trainings of trainers and SCAs 
developers 

On-job training on a day-by-day basis 

SCAs development Use of trained NGO developers with seldom 
site visits 

Trained NGOs together with international 
expert 

Institutional 
development 

Built from scratch Use of local existing ones, selected 
through tender 

Financing Creation of intermediary non-bank financial  
institution – Rural Finance Corporation 

Use of local banking system, Moldova-
Agroindbank - leading bank in Moldova 

SCAs assistance Permanent tuition since the first meeting of the 
founders  

Initial support up to the first month of 
activity and after the Jungle rule – The 
strongest will survive is applied 

Consultancy Permanent On demand 
Source: Developed by author based on ex-post evaluation 
 

Much discussion can be made overt these three 
key issues of any ex-post evaluation, but it will 
be somehow different from the topic of our 
case study. Usually, the most applied approach 
for ex-post evaluation is the Development 
Agency Committee which includes five basic 
key issues such as Relevance, Efficacy, Impact, 
Effectiveness and Durability, as well as three 
transverse topics – Gender, Poverty and 
Sustainability. Our research focuses mostly 
over Impact and Durability. Both projects 
ended in 2004 and it is interesting to see how 
the system has evolved afterwards.  
Nowadays, the Microfinance System in the 
Republic of Moldova is formed from one 
specialized bank, twenty-four non-bank 
financial institutions and a network of 422 
Saving and Credit Associations (SCAs). About 
20 of the current non-bank microfinance 
institutions were founded in the last three years 
and are mainly oriented to consumption 
lending. We will exclude them intentionally, 
due to their very young age and still small 
impact over the national microfinance system. 

In order to follow the Impact, we will focus 
mainly on two the MFI – main SCAs lenders 
and the SCAs network itself. We will look at 
the Rural Finance Corporation (RFC), founded 
under WB group supervision as the specialized 
financing intermediary, and Microinvest, a 
successor of Moldovan Microfinance Alliance 
(MMA) assisted by GTZ. 
Analyzing the figures above-mentioned, we can 
observe significant changes within national 
SCAs network since 2007. WB and GTZ 
projects ended in 2004 with crucial outputs, as 
follows: 

 532 SCAs spread all over the country,  
 two specialized non-bank financial 

institutions ( RFC and Microinvest),  
 one lobby-training and consulting institute 

(National Federation of SCA),  
 and a supervisory organization (SSB) under 

the Ministry of Finance and the Ministry of 
Agriculture.  

The local NGOs involved in the project lost 
their attractiveness in terms of employment, 
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due to occasional assignments; therefore, 
trained developers were absorbed by financial 
institutions in order to cover the demand for 
skilled specialists in this area. Initially, SCAs 
were limited by: 

 geographical  boundaries with the village 
area, resulting to a good knowledge of each 
other,  

 management conducted by the most 
respected persons, regardless of educational 
background;  

 minimum capital requirement as 
membership contribution was symbolic (4 
USD); 

 small minimum number of members (20); 
 inability to receive savings (monopoly of 

commercial banks) and other “light” 
provisions. 

It is important to underline the fall of the 
institutionists’ approach in the case of SSB and 
NFSCAs. Both institutions were heavily 
financially supported by WB group during the 
project, offering their services for free. This 
was done by purpose at the very beginning in 
order to allow the SCAs’ strengthening of the 
financial capacity. Since 2002, NFSCA had 
some weak attempts to get some charges for 
particular services, such as legal assistance, 
accounting, training, etc. This led to the SCAs' 
ignorance for chargeable service, making it 
useless. Covering all SCAs, it created a big 
internal pressure on what should have been 
promoted and who would lead the process; by 
the end of 2006, it simply disappeared.  
Among the healthy and surviving 400 SCAs, 75 
percent were “affiliated” with the RFC and 
benefitted from access to the loanable funds 
and technical training offered within the RFC 
umbrella, coming to cover the gap and ensure 
uniformity.  
The case of SSB was conceptually different and 
it was supposed to be financed by state. The 
biggest question was who should undertake it, 
causing informal inter-ministerial fight. The 
problem was solved in 2007, owing to the 
findings of another WB project that identified 
four separate bodies supervising non-banking 
financial sector in Moldova – what a luxury for 
the poorest county in Europe. 
The growth of SCAs network performance 
indicators required the replacement of old 

regulatory approaches, creation of missing 
institutions and improvement of the existing 
ones. The newly-established mega-regulatory 
institution – the National Commission of 
Financial Markets, designed similarly to the 
German model, absorbed all para-ministerial 
bodies, putting forward the realization of the 
following main priority objectives:  
 elaboration of the regulation framework for 

an adequate, transparent and efficient 
supervision;  

 improvement of the quality control activity 
with increase in the number of control 
shares; 

 improvement of monitoring instruments and 
analysis of deviation from current 
legislation; 

 alignment to the EU standards and the good 
practices  in supervision and reporting 
requests;  

 MIS implementation for the analysis of the 
data and information provided by regulated 
entities;  

 assurance of adequate protection and trust 
consolidation on the non-bank financial 
market. 

Being above the government and reporting 
directly to the Parliament, it facilitated NCFM's 
ability in achievement of the objectives stated 
above and the fast changes in the legal 
framework, if necessary.  
New legal provisions existed, clearly stated in 
the mechanism of SCAs foundation, mergers 
and liquidation. The new framework introduced 
new prudential rules, designed on the basis of 
the banking rules, as presented in Table 2. 
This framework facilitated the consolidation of 
SCAs through partisl mergers because the areas 
they are permitted to service (often only a 
single village) are too small, with high 
administrative and fixed cost, saving 
acceptance opportunities, etc. 
Licensing was important for the durability of 
the development process.  It was transferred 
from the commercial banking sector with 
necessary adjustments in order to assure the 
differentiation among SCAs, underlining their 
capacities. 
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Table 2.  Main requirements by license type 
 License Type 

Requirement A B C 

Operational area  Village bounders Raion bounders Whole Moldova 

Management education 
level 

High from 2010 High from 2010 High from 2010 

Minimum number of 
members 

>50 >250 Central Association 

Range of activities Short-term Lending Short- and medium-term Lending and 
Savings, direct lending 

Treasure operations and 
A B  

MIS Mandatory from 
2010 

Mandatory from 2009  Mandatory  

Source: Developed by author based on legislation of Republic of Moldova 
 
By the end of 2010, about 340 SCAs obtained 
the A-type License and fifty-seven SCAs - B-
type of License; 20 of them received savings 
from members. Summarizing the evolution on 
deposit site, we can observe a high 
interdependence between savings and average 
monthly income per person on the one hand, and 
the increasing level of trustability of the prime-
level financial institutions, on the other. The B-
type License allowed medium-term lending 
providing borrowers bigger opportunities 
through flexible repayment schemes and a 
longer period of loans utilization. 
During the peak of the season, up to 70 % of 
members on average were borrowers. But even 
on the snapshot basis, we could observe the 
increasing conscious of members for 
repayment since 2003, caused by the threat of 
losing access to valuable assets rather than 
public pressure and image deterioration.  At the 
same time, we could assume that the SCAs 
network positively influenced people in terms 
of self-organization as well as credit history 
creation, increasing their attractiveness as 
potential borrowers for commercial banks. The 
average loan amount per borrower was still 
very small and not interesting for the banking 
sector. 
The C-type License gave an opportunity to 
operate all around the country and was 
introduced to facilitate creation of so-called 
Central Association, that is, supposed to 
combine the NFSCAs function with the 
treasure ones. Here again, two approaches 
confront since the institutionists considered just 

one while the welfarists – more than one. The 
idea was based on vertical integration and 
seemed appropriate, but might fail due to 
several crucial factors; among them, the most 
important were the lack of qualified labor force 
and the low level of start-up wages.  
To see the impact, we will use transverse 
topics:gender, poverty alleviation and 
sustainability. 
From the gender point of view, the SCAs 
network facilitates social inclusion of women 
into society. The results are impressive as their 
share in all categories is 56% in SCAs 
management, 52% out of total number of 
members, 59% out of the total number of 
borrowers and just about 49% as depositors. It 
varies with the same frequency as demographic 
distribution among zones.   
Villages with a strong and healthy SCA are 
more developed than others, which in many 
cases explain the urban-to-rural and rural-to-
rural migration described above; at the same 
time, agriculture is the easiest way to start a 
business in Moldova. Similarly, SCA improves 
the living attractiveness of the village, assuring 
population stabilization and demographic grow.  
From the poverty alleviation point of view,  
access to finance improves the members’ 
livelihood and influences the villages’ 
infrastructure development such as  
electrification, healthcare, primary and 
secondary education, etc. It also leads to an 
increase in the number of self-employed people 
in rural area and village business specialization. 
In several villages, we can found informal 
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clusters at an initiation and very early 
expanding stage. We can also observe a 
possible positive relationship between the 
average monthly income and the loan amount, 
even though the pace is different.  
Considering sustainability, we may assume that 
the SCAs network is just at the end of the linear 
innovation process model and takes some very 
first steps towards the complex interactive 
model. The performance of SCAs network, as 
well as the establishment of mega-regulatory 
body, encourages the development of 
microfinance activities in the urban areas too 
and, as a result, about 20 non-banking financial 
institutions have been founded over the last 
three years.  
The SCAs network has playe a huge 
educational role, familiarizing people with 
basic knowledge of finance categories, such as 
lending, deposits, interest rates, etc., as well as 
“learning to allocate” to fill the existing gap in 
rural area. Thus, we can assume the impact is 
generally good. 
Summarizing all the above-mentioned, we can 
imply that the biggest problem of SCAs 
network and the rural area is the population’s 
educational level. The accent should move 
from “learning to allocate” to “learning to 
learn” and here we can make a big assumption 
on the SCA role as an educational center for 
villages. Therefore, it is tremendous to strength 
their own educational level and training 
capacities. SCAs must play the same role as 
local banks in the developed countries, 
knowing that the population can identify people 
with entrepreneurial abilities. 
 Education of entrepreneurs and managers 
could be the “magic” tool for further 
development. 
  
CONCLUSIONS 
 
Analyzing the evolution of the Microfinance 
system in the Republic of Moldova, we can 
observe the tremendous role of legislation in its 
development. During the last ten years, huge 
amendments occurred, which has come to 
support the thesis of law as a living body, 
reacting to major external changes and enabling 
the vitality of the system in time. Many 
qualities such as adjust-ability, compatibility, 

uniformity, unicity, etc are definitely 
characteristic for the “set of rules” of this 
sector, being at the same time integrated and 
incorporated into the legal system of a country.  
In our opinion, this is one of the most relevant 
examples of two major ways of system export 
with numerous pros and cons. Probably the 
institutionalist approach is relevant for the 
countries in transition, as well as for the less 
developed countries, in terms of time and it is 
very important to find out the most appropriate 
moment to shift towards the welfarist approach.  
In conclusion, we should state that the durable 
development of the rural space in our country 
may be assured by the development of the 
institutional system and the efficient 
mechanisms of legal regulation, as follows:  

 Mobilization and thought-through  use of 
human, natural and material capital; 

 Promotion and support of economic 
activities in the rural space; 

 Protection of the environment and cultural 
heritage specific to rural localities; 

 Preservation and transmission of specific 
traditional professions;  

 Improvement of the business climate and 
provision of support to small agricultural 
producers; 

 Assurance of a favorable investment climate 
for the development of the business 
environment; 

 Vocational education of human resources in 
the rural space. 
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Abstract 

 
The aim of this paper is to inform the employees of the agrarian sector in Serbia about the key elements necessary for 
the effective international marketing activities of the company. Namely, the previous period was dominated by a 
production orientation which had not respect for market requirements. Agricultural enterprises in Serbia lost the brand 
and traditional markets. A way out of crisis requires a constitution of market-oriented enterprises, implying a number of 
structural changes directed toward the improvement of business efficiency and adjustment to market requirements. 
Namely, the current volume and structure of agricultural production, its high extensiveness and fluctuation and low 
productivity, together with the inefficient organization of  production and payment operations, and the inefficient  
strategies of all types of agriculture enterprises which insufficiently take market signals into account – are the basic 
factors that prevent domestic producers from becoming competitive in food and agriculture products. The paper shows 
that  it is necessary to reexamine the existing and develop new business and international marketing strategies of the 
agricultural producers, based not only on developing the producers' capacities but also on the awareness of the 
consumer, new technologies, market approaches and other contemporary market principles. In doing so, the awareness 
of market approaches – the constant and intensive market changes – is the first and basic supposition on which it would 
be wise to base new strategies that are different from the competitors’ in innovation, technology and quality. New 
strategies, conditionally, must also include the provision of critical money supply, as well as stimulating the agrarian 
policy, which enables us to keep up with the up-to-date market, technological and marketing trends.  
 
Key words: agriculture, competitiveness, international marketing, marketing program, strategy. 
 
INTRODUCTION 

Insufficient competitiveness of the domestic 
producers and exporters is a result of many 
factors, of which the most important could be: 
the insufficient inflow of direct foreign 
investments, significant delay in accomplishing 
privatization, banking credits at high rate – all 
resulting in a negative effect upon productivity 
and investments, necessary for keeping pace 
with technical-technological and marketing 
progress in modern agriculture.  
Conventional attitude to productivity and 
competitiveness resources puts in focus such 
external production factors as work, capital and 
natural resources. Therefore, the competition 
match will be won by those who have so-called 
comparative advantage, i.e. the advantage in 
costs based on the superior combination of 
production external effects. Globalization, 
however, relativizes the significance of the 
competitive advantages of external resources, 
therefore the essential development issue of 

every national economy is becoming – making 
conditions for quick and sustainable 
productivity growth by using knowledge and 
other internal sources of competitive advantage, 
such as strategy and quality of business 
environment.  
Although the competition based on the 
abundance of natural resources and cheap 
labour is a legitimate competitive strategy, the 
problem lies in the fact that this resource 
combination is easy to imitate and there is a 
great probability of new competitors' 
appearance, who can offer the same product at 
a lower price. It is more than obvious that this 
strategy cannot supersede the advantages of 
knowledge, new developmental strategies of 
enterprise and developed business environment.  

All this determines the best for our country 
which has been persistent in the conventional 
comprehension of competitiveness (raw 
materials and semi-products, i.e. working and 
resource intensive products, dominate export in 
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general and agrarian export in particular) and 
which is not competitive on any grounds on the 
domestic and international market, especially 
not regarding prices. There should be 
emphasized that, in regard to our export 
structure, price is still a decisive factor of 
competitiveness (it partially loses its 
significance when it refers to products in the 
higher stage of final processing and products 
with a developed brand, i.e. recognition).   
In its economic relations with foreign countries, 
Serbia records multi-year-lasting cumulation of 
negative tendencies concerning different 
aspects (coverage of import by export, export-
import structure, i.e. local and export prices, 
regional export direction, technological 
production obsolescence, etc.). Cumulatively 
observed, the total trade deficit over the last 
couple of years has come near to our foreign 
debt and, if some radical turn does not make 
toward new competitive sources, economic 
growth and export growth will not enable the 
foreign debt repayment in the years to come. At 
the same time, without productivity increase 
and development of adequate marketing 
strategies, based on knowledge and innovations 
in the enterprise sector, and without the 
development of qualitative and stable business 
environment in macro-economy segment, the 
comparative advantage which Serbia has in the 
field of agriculture will remain only as unused 
export chance and developmental perspective.  
 
MATERIAL AND METHOD OF WORK 
 
In realization of our research work, we used a 
desk research of data which refer to the 
international marketing strategy applied by the 
Serbian enterprises in the agrarian sector. Such 
research implies a use of data from the official 
sources: data from the Republic’s Statistical 
Office, materials from the Serbian Chamber of 
Commerce, etc; data from domestic and foreign 
literature; internal documentation. There were 
also used quantitative methods, primarily the 
time series analysis. The combination of the 
mentioned research methods can lead to a more 
dependable answer to the key questions, which 
impose the analysis of internationalization and 
marketing behaviour of the Serbian agrarian 
enterprises.  

RESULTS AND DISCUSSION 
 
In the period January-December 2011, the total 
exchange of goods in Serbian agriculture with 
the world was 3,732.9 million USD, of which 
export was 2,696.6 and import 1,382.1 million 
USD. In this period, agriculture realized a 
surplus of 1,314.5 million USD in turnover 
with the world, which is 9.1% more than in the 
previous year. In regard to the same period in 
2010, agrarian export was 20.3% higher while 
import simultaneously increased by 33.4%. The 
coverage of import by export in Serbian 
agriculture was 195.1%, while in the same 
period last year it was 216.2%. The best results, 
the higher surplus in exchange, were achieved 
for cereals and cereal preparations, 648.8 
million USD, followed by vegetables and fruit, 
356.6 million USD, and animal and vegetable 
oils and fats, 155.9 million USD [1]. In the 
calendar year 2011, Serbia exported around 
240.000 tons of wheat, 146.000 tons of flour 
and 38.000 tons of seed wheat. At the same 
time, it exported 1.595.000 t of maize, 192.600 
t of sugar and around 116.000 t of fresh apples 
(Table 1). 

Table 1. The most important products in export and 
import in 2011 

EXPORT  

 
Tons 

  
Millio

n 
USD 

IMPORT Tons Million 
USD 

Maize, 
white 1,594,692 

423.8 
 
Coffee, 
roasted 

32,466 102.5 

Sugar, 
white 192,599 159.9 

 
Cigarettes  5,851 62.8 

Raspberry 
Roland 33,561 101.2 

Bananas, 
fresh 53,010 38.4 

 
Wheat 239,268 

73.3 

Food 
products, 
unmentione
d 

9,569 37.9 

Sunflower 
oil 41,900 66.7 

Oranges, 
fresh 48,291 28.7 

Apple fresh 
115,725 62.2 

Tomato, 
fresh 25,094 18.5 

 
Beer 80,965 59.6 

Tobacco, 
dried 2,907 17.9 

Soft drinks 
103,603 

56.9 

Coffee 
based 
products 
 

3,896 16.2 

Sour 
cherry, 
Roland 

26,050 
54.5 

Palm-tree 
oil 11,631 15.4 

Soy oil 
40,286 52.8 

Other food 
products 787 15.1 

Source: The Republic's Statististical Office, 
http://webrzs.stat.gov.rs/axd/index.php   
 
According to the group of countries, the highest 
export of agrarian products was achieved in 
EU-27 countries in an amount of 1.3 milliards 
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USD, then in the countries of CEFTA region 
1.2 billion USD and the rest in other countries 
(Table 2). On the import side, the most was also 
imported from the EU countries, in an amount 
of 757 million USD, then from the other 
countries 530 million USD and the rest from 
the countries of CEFTA region [1]. 
 

Table 2. The most significant countries in foreign trade 
exchange regarding Serbian agriculture in 2011 

EXPORT/ 
COUNTRIES Tons Million 

USD 
IMPORT/ 

COUNTRIES Tons Million 
USD 

B&H 638,533 465.2 Macedonia 136,690 123.5 
Romania 1,245,436 355.3 Germany 40,835 111.9 
Montenegro 362,095 328.9 Croatia 100,637 110.6 
Germany 110,231 192.3 Brasil 24,389 89.5 
Macedonia 246,157 172.2 Italy 48,124 87.2 
Russian 
Federation 

188,633 165.7 B&H 71,630 66.1 

Italija 366,353 152.5 Ma arska 52,408 56.0 
Hrvatska 562,945  114.6 Gr ka 64,905 55.6 
Ma arska 185,197 100.3 Holandija 24,845 51.7 

Source: The Republic's Statististical Office, 
http://webrzs.stat.gov.rs/axd/index.php   

At the same time, according to the data of the 
Serbian Republic’s Statistical Office (Table 3), 
besides the continued decrease of share, the 
costs of food, beverage and tobacco, were still 
highly represented in the costs of family budget 
in Serbia [5].  

Table 3. Macroeconomic indicators  
of Serbian agriculture 

 Unit 2005 2006 2007 2008 
Share of agriculture, 
forestry and fishery      

    
In GDP % 10.3 9.6 8.7  
in employment 
(ARS) % 23.2 20.5 20.8 21.4 

Share of food 
industry, beverages 
and tobacco in GDP 

 4.4 4.7 4.4  

Total  95 100 92 108 
Plant production  94 97 82 123 
Livestock breeding  101 97 100 97 
Share of food, 
beverage and tobacco 
in family budget 
costs 

 
% 41.7 43.4 45.1 45.8 

Trade of agricultural-
food products 

 
mil. 

€ 
1,353.7 1,713.1 2,035.5 2,327.1 

Export mil. 
€ 731.7 991.9 1,217.9 1,327.3 

Import mil. 
€ 622.0 721.1 817.6 999.8 

Foreign trade balance mil. 
€ 109.7 270.8 400.2 327.5 

Share of agricultural-
food products in:      

Total export % 20.3 19.4 18.9 31.3 
Total import % 7.4 6.9 6.1 6.4 

Source: The Republic's Statististical Office – various 
publications 
This share was amounted 54.0% in 2000, and 
45.8% in 2008. Such state points out to the still 
low life standard and therefore insufficient life 
quality, regarding that small amount of assets is 

left over for the satisfaction of other needs of 
non-existential character. 
In the field of agriculture and food industry, the 
level of company sophistication (technical–
technological equipment, high-educated 
personnel) differs, and this difference has been 
caused by the privatization method and the 
capital investments' amount by their owners. In 
accordance to the National Program of Rural 
Development (2011-2013), only few enterprises 
in the field of primary agriculture and food 
industry are highly sophisticated (there single 
out those enterprises in the field of oil industry, 
beer, milk, industry for water processing), 
while most enterprises depart from the modern 
tendencies regarding significant technology and 
personnel.  
The low sophistication of business operations 
and strategies of companies in agribusiness are 
most often reflected in the following indicators: 
1) low innovation level in technological and 
marketing development of products and 
business processes; 2) orientation toward raw 
materials production or products of low added 
value; 3) low export orientation of companies; 
4) slow introduction of necessary quality and 
management standards (ISO 9000, ISO 14000, 
HACCP quality system, GLOBAL GAP); 5), 
lack of high-specialized and trained personnel, 
etc. The low sophistication in business of 
companies and family agricultural husbandries 
is a result of undeveloped and non-stimulating 
macro and micro business environment.  
Experience shows that, in the countries with 
emphasized problems within the purview of 
economic relations with abroad, the application 
of basic postulates and concepts of international 
marketing are often missing, such as the 
modern concept of creating and realizing the 
competitive advantage and market success in 
international and world proportion. This 
reminds us of our country, where the 
application of international marketing is still in 
infancy, linked to many problems and 
challenges. The reasons for engagement of 
enterprises on the international market are 
numerous [4]: production, market, 
technological, competitive, and financial. It is 
interesting that, for our enterprises in the field 
of agriculture, the main reason for export is 
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financial, while the marketing and 
technological ones are almost unidentified.  
International marketing can be identified as 
market direction and coordination of business 
activities regarding, as more successful as 
possible, internationalization of business 
entities and their more adequate fitting in 
foreign environment. From the viewpoint of 
enterprises, the international marketing strategy 
provides direction of marketing activities in a 
way that contributes to the achievement of the 
goals taken into consideration during decision-
making on international engagement of 
enterprises. On the national economy level, the 
concept of international marketing strategy 
means realizing surplus in exchange of goods. 
The process of creating the international 
marketing strategy for enterprises implies 
making many planned decisions of strategic 
character:  

 Analysis of international environment; 
In international marketing, it is 
necessary to retrospect the environment 
from the political point of view (specific 
legal issues, influence of legal 
regulatory rules on marketing 
instruments, problem of bribe and 
corruption, etc.); socio-cultural 
dimensions (problems of different 
cultures, languages, significance of 
religion, etc.); 

 Selection of foreign markets; 
 Orientation of the internationalization 

frame and selection of enterprises' 
performance on the foreign market; 

 Selection of optimal combination of 
marketing instruments, i.e. the decision 
on marketing mix; 

 Making adequate organization of the 
international marketing activity.  

During drafting of agricultural-food products' 
international marketing, the research of Philip 
Kotler on the marketing challenges the 
enterprises nowadays face with is extremely 
useful. That is to say, in his seminars, Philip 
Kotler received answers from numerous 
managers, on how they saw modern customers, 
and which could also be useful for perceiving 
new market trends in international placement of 
agrarian products. 
Some of the answers are [2]: 

 customers are more and more 
sophisticated and susceptible to price; 

 do not have time and seek for greater 
conveniences; 

 aware that increases the products 
equality from supplier to supplier; 

 less susceptible to production brand and 
more and more accept the brand of 
middleman and generic products. 

Accordingly, the decision on the marketing mix 
must be made also for distribution channels and 
final users. The marketing program of 
agricultural products should provide orientation 
toward real and anticipated needs of inhabitants 
as consumers, economy and society, and the 
efficient sale of products on domestic and 
international market. The characteristics of 
agricultural products and their purposes, as well 
as characteristics of supply and demand have an 
effect of these products' marketing activities 
program to be significantly specific.   

The product is a very important instrument in 
the program of marketing activities. Therefore, 
it is important to make a difference between the 
products meant for direct consumption, which 
are not exposed to processing, except removing 
shells, sorting and packing (for example fruits, 
vegetables, eggs) and other groups, made of the 
products meant for industrial processing as raw 
material (for example, cereals, sugar beet, 
livestock etc.). Numerous products belong to 
both categories, because they are used for direct 
consumption of households and big consumers, 
as well as raw material for industrial 
processing. Briefly, a specificity of products 
in marketing mix of agricultural products 
results from the peculiarities of the agricultural 
production, which are the consequence of its 
biological character. That is to say, the 
production program of the agricultural 
producers is mostly conditioned by land 
character, crop rotation, climate, existence of 
vegetation season in plant and livestock 
production; thus, by respecting everything 
previously mentioned factors, it is necessary to 
adjust the products to the market needs. 
Besides, in regard that agricultural products are 
substantially homogeneous, there are small 
chances for product differentiation, and 
especially the differentiation of those products 
– inputs for food industry. For those 
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agricultural products which sell on green 
markets and/or via supermarkets, there are 
certain possibilities for differentiation, 
primarily through two essential features of the 
product: packing and labeling. 
For example, apples can have a special type of 
packaging, meaning that each is coated 
individually with cotton or plastic network, 
which protects it, but at the same time an 
instrument which provides the diversity of 
supply [3]. The relation between the consumer 
and packaging significantly varies from one 
country to another, as a result of different 
socio-economic and cultural factors. Therefore, 
the consumers in developed countries are 
increasingly sensitive to the visually-esthetic 
experience of packaging. Here we should 
emphasize also that the placement of our fruit 
on the European market is precisely limited 
not by quality, but by the non-fulfillment of 
strict procedures of gathering, freezing, 
packaging, shipment and transport. The quality 
of our fruit (plums, raspberries) is without 
equal on the rigorous European market, but the 
price is often lower due to bad packing and 
disrespect of some elements clearly stipulated 
in contracts (e.g. delivery terms). Therefore, 
due to top-class packaging and regularly 
gathered fruit, plums from Poland, Czech 
Republic, Hungary, Turkey, are sold at a higher 
price despite the fact that their quality lags 
behind Serbian plums considerably. 
Labeling the products is an important feature 
of packaging, or characteristic of agricultural 
products (it is about groceries affecting people's 
health, liable to spoilage, etc.). Labeling the 
products (trade marks, declaration of product's 
origin and quality) significantly contributes to 
product differentiation which can be made 
differently from the autochthonous point of 
view, from aspect of healthy, organic food etc. 
Labeling the products has a crucial role 
resulting from the increasing presence of the 
genetically modified food (soy, sweet-corn sort 
BT 11, which is allowed for distribution only 
within the EU, but not for growing). Since 
April 2004, an obligation has been in force in 
the EU-25, which stipulated the marking of the 
genetically modified food, aimed to partly 
protect the consumers; but only the pocketful 
ones. The poorer consumers will still choose 

according to the price, while even health 
criteria will be neglected for some others, along 
with the EU “blessing“.  

Concerning the price competitiveness of 
agricultural products, Serbia has different 
characteristics. Owing to its fragmentized 
property, it has more production costs regarding 
basic wheat sorts which also cause price non-
competitiveness in these products exchange. On 
the other side, due to the relatively cheap 
labour, favourable climatic circumstances and 
high quality, Serbia is competitive regarding 
fruit and vegetables, baby beef and lamb meat 
(meat of specific, more accurate high quality of 
young animals, which is placed on the markets 
of Greece and Italy, providing charging of 
higher export prices than the average world 
prices).  

Generally, a possibility of influence the prices 
of agricultural products is less than the prices of 
industrial products. Fundamentally speaking, 
for many agricultural products there is a 
complete competition market. Both on supply 
and demand sides there are more participants in 
exchange process, and the product is 
homogenous. Linked to the price influences, in 
theory and practice two types of actors stand 
out on the market of agricultural products: 
firstly, those who have possibilities to affect 
significantly their products' market price (price 
searchers) and secondly, those who, by their 
activity character (mostly regarding stock 
products – wheat, industrial plants), do not have 
that possibility (price takers, take it or leave it).  

In regard that many agricultural products have 
stock market prices, it is clear that the 
international competition based on prices is 
more intensive. In that sense, since for them it 
is impossible to achieve the price 
competitiveness of those products, Serbian 
producers and exporters must turn to the export 
of agro-food products, which require higher-
processing phases and where there are 
possibilities for differentiation, whether through 
the autochthonous nature of the product, high 
quality and/or ecological correctness. In the 
export of agro-food products from Serbia, the 
important competitiveness element in the future 
will be just the development and improvement 
of the non-price aspects of competitiveness: 
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quality, innovations, design, packing, reliability 
and swiftness of delivery, trade mark, ability of 
satisfying the specific requirements of the 
consumers and similar other issues.  

In Serbia, the producers of agricultural products 
have limited selection of alternative sale 
channels on the domestic market. Numerous 
agricultural producers sell their products 
directly to consumers and/or to tradesmen 
(middlemen) on the nearest local market, and 
some to manufacturers. In our country, this 
marketing area represents a great problem. That 
is to say, the lack of well organized repurchase 
system, efficient trade network and traffic 
infrastructure disable mobilization of all 
available market surpluses in all surplus areas 
and, at the same time, pose limitation in 
realizing two main goals, uniting supply for 
export and balance, i.e. reduction of prices on 
domestic market. The peculiarities of 
agricultural production and agricultural 
products (uneven spatially disposed agricultural 
production, seasonal character, products liable 
to spoilage) cause significant problems of 
distribution, more accurate sales channels, 
transport and storage (stocks) of agricultural 
products in the developed countries, too. 
Therefore, the role of commodity stock market 
in turnover of agricultural products is very 
developed in the world.  

Finally, promotion in international extent has 
also additional form, which could be marked as 
the promotion of national identity, i.e. the 
national export promotion. Enterprises in many 
countries seriously count on the government’s 
support (informative, financial and 
promotional) during their entry onto the 
international market; producers and exporters 
of agricultural products from Serbia could 
expect this support, as well. In this context, the 
image improvement of the origin country - 
"Made in Serbia" (image improvement of 
ecologically clean country, areas without 
genetically produced food, etc.) is very 
significant, because it directly influences the 
image of specific products (wine, meat, fruit, 
etc.).  
 
 
 

CONCLUSIONS 
 
The comparative advantage which Serbia has in 
the field of agriculture, primarily in  the form of 
natural resources, cheap labour and built 
processing capacities, modern market 
conditions and world economy globalization is 
not enough, and, as practice in some countries 
shows, it is not even necessary for providing 
competitive performance on the international 
market. The modern market trends and 
economy globalization relativize the 
significance of competitive advantage's external 
resources, so the central competitiveness issue 
of each national economy and business entities 
lies in providing conditions for fast and 
sustainable productivity growth – by using 
knowledge, strategies (based on visions, 
innovations, investments) and a qualitative 
business environment.  
Respecting the modern conception of 
competitiveness, and starting from the current 
performances of domestic agriculture and low 
potential of agricultural products market, the 
general conclusion of the paper is brought 
down to a remark that, for using the 
comparative advantages and tradition which 
Serbia has in the field of agricultural 
production, there are necessary processes of 
domestic agriculture transformation, as well as 
all forms of economy entities in this activity. 
These transformation processes must go in a 
way of reassessing the current and development 
of new business and marketing strategies of 
agricultural producers, based on the producers’ 
developmental capabilities and power, but also 
on the recognition of consumers' preferences, 
new technologies, marketing approaches and 
other modern market postulates of economy. 
Therefore, respecting the market approach, i.e. 
the constant and intensive changes on the 
market represent the first and basic assumption 
on which it would be rational to formulate new 
marketing strategies, different from 
competitiveness by their inventiveness, 
technology and quality. Conditionally speaking, 
the new strategies must also imply the 
provision of financial assets critical mass (from 
privatization, credit arrangements, foreign 
direct investments, cooperation with foreign 
investors), as well as stimulating agrarian 
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policy, without which it is impossible to follow 
the modern market, technological and 
marketing trends. Although the competition 
based on the abundance of natural resources 
and cheap labour is a legitimate competitive 
strategy, the problem lies in the easy imitation 
of this resource combination and there is great 
probability of new competitors' appearance, 
which can offer the same product after lower 
price. It is also more than obvious that this 
strategy cannot replace the advantages of 
knowledge, new developmental strategies of 
enterprise and developed business environment. 
In this context, analyzing previous competitive 
performance of Serbian producers and 
exporters, resting upon the conventional 
competitiveness, we can conclude that the 
modern conception of competitiveness 
(accentuating strategies, knowledge, 
innovations and quality of business 
environment) is the basic assumption of 
successful use of comparative advantages 
which Serbia has in agriculture and, 
simultaneously, the main driving factor of 
development and export of agrarian sector and 
economy as a whole.  
Essentially, the application of the international 
marketing strategy, as the assumption of 
agricultural producers and exporters 
competitiveness on the world market, basically 
means the selection of optimal combination of 
market segmentation strategy and products' 
differentiation, most often used simultaneously.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Finally, the implementation of the marketing 
strategies by agricultural producers and 
exporters, based on modern conception of 
competitiveness factors, implies significant 
investments and will be greatly hastened by the 
creation and development of clusters and other 
forms of association which contribute to the 
business environment quality.  
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Abstract 
 
Trade flows in agricultural products are subject to continuous dynamic. Importers will buy from the markets 
where products arrive at the best price for the market of destination, and exporters will focus on the markets 
where the product price is more advantageous. Romania is a net importer of sugar, and the deficit has 
increased more than three times, in terms of value, between 2002 and 2004. This paper analyzes the 
evolution of trade flows with sugar and sugar products of Romania, and test their degree of correlation with 
domestic production, the average wage and exchange rate: Lei/$. 
 
Key words: evolution, Romania, sugar, trade, trends 

INTRODUCTION 
 
The growing demand, the changing consumer 
preferences, the expansion of multinational 
network of retail and food service, have led to 
the remodeling the international markets, 
including that of sugar. 
Radical changes in sugar beet occurred in 
Romania after 1958, when it was decided that 
the entire required of sugar should be produced 
by our crops. In 1965 the area sown with sugar 
beet increased from 190 000 hectares to 234 
400 hectares in 1977, and the average yield per 
hectare increased from 14 t in 1938 to 28 
tonnes in 1972 and 29.4 in 1976. Currently, of 
the 33 factories that existed for more than 21 
years, works only 4, two who process sugar 
beet - Bod and Ludus, and two who process 
sugar beet processing raw sugar - Roman and 
Oradea [2]. 
The creation of the Romanian varieties of sugar 
beet was a significant achievement of 
agricultural science, as these varieties were 
adapted to the climate and soil of our country 
and were more productive. 

In 2002, the area planted with sugar beet was 
39 thousand hectares and, as can be seen from 
the chart and tables below, it increased slightly 
until 2003 and then suffered a decline of more 
than 50%. Various oscillations underwent in 
subsequent years, reaching to the smallest area 
planted with sugar beet 17,656 hectares in 
2011. (Table 1, Table 2, Fig. 1) 
In 2009, 21,300 hectares were cultivated with 
sugar beet and a total production of 816,810 
tonnes was obtained. In 2010, production was 
792 000 tonnes in a cultivated area of 24,000 
hectares [3]. 
Direct consumption of sugar in Romania is 
about 320,000 tonnes per year. Adding the 
industry, consumption reaches about 500,000 
tonnes. By comparison, Poland consumes 1.4 
million tonnes, Hungary and Czech Republic 
350,000 tonnes and 150,000 tonnes Slovakia.  
Before 1989, Romania annually produced 
approximately 550,000 tonnes of white sugar 
from sugar beet, covering its consumption 
needs and refines approximately 150-200 
tonnes of imported raw sugar for export. On 1 
January 2007, Romania joined the European 
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Union. For the sugar sector, Romania received 
a national quota of 109,000 tonnes of white 
sugar from beet and a traditional refining of 
329 000 tonnes of white sugar from imported 
raw cane sugar, i.e. a total of 438,000 tonnes, 

which led to a decrease in the domestic 
production of sugar. 
As can be seen, sugar production fell to 93,922 
tonnes sugar in 2011, a large part of household 
consumption being covered by imported 
products [1]. 

 
Table 1. Evolution of surface, production of sugar beet and sugar, 2002-2006 

 
Specification 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Surface  
(thousands ha) 41.6 45.2 20.8 25.2 39.8 25.0 19.8 21.3 24.4 17.65 

Total production  
of sugar beet 
(thousands t) 

954.63 265.47 672.72 729.66 1152.2 748.84 706.66 816.81 792.54 608.58

Total production of 
sugar (thousands t) 102.34 94.47 87.79 91.63 149.56 92.11 97.73 121.71 105.53 93.92 

                                   Source: MADR 
 

Fig. 1. Evolution of sugar sector, 2001-2011 

Table 2. Extraction yield, 2002-2011 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

E
xt

ra
ct

io
n 

yi
el

d 

10.92 11.25 10.7 12.27 13.05 12.55 12.98 13.83 13.83 14.9 15.43 

                   Source: MADR 
 
Extraction yield is the amount of crystallized 
white sugar which is processed in the factory 
from 100 kg sugar beet roots. Analyzing the 
situation of the extraction yield of sugar beet 
from 2002 to 2011, we see that in 2002 the 
extraction yield was very low, only 10.92%, 
which means a sugar low technological value. 
But, since 2003 we can see an improvement 
with small oscillations, reaching values 
between media technology from 2004 to 2009 

and the very best technology values since 2010; 
in 2011 the yield reached a value of 15.43%. 
The need to cover sugar consumption has 
intensified the trade with this product, and that 
the quota system has reduced surfaces, namely 
the production of sugar. [3] 
 
MATERIAL AND METHOD  

In order to analyze the evolution of the 
Romanian foreign trade sugar for the period 
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2002-2011, we used a number of indicators. 
The data provided by MADR were processed 
and interpreted. 
 
RESULTS AND DISCUSSIONS 

The statistical results presented by MADR 
shows that over the last 10 years (2002-2011) 
the balance (exports - imports) of the foreign 
trade sugar decreased considerably, as can be 
seen in the graph below: 
 

 
Fig. 2. Trade sugar balance 2002-2011 

 
From 2002 until 2006, the balance decreased 
steadily, in 2007 it reached a value of $ -202.62 
million, comparative with $ -217.55 million in 
2006, then it decreased further. 
In 2011, the deficit on sugar chain was the 
largest with a balance of $ -308.06 million, due 
to imports of $ 177.21 million. 
Concerning product categories, in 2011 we 
exported the most sugar cane and sucrose for a 
total of $ 423,951,730. 
Although imports have increased considerably 
in recent years, it can be seen that exports have 
also increased.  
Regarding the worldwide balance of trade in 
sugar from 2002 to 2011, and also at the Euro-
pean Union level, we find that, after the aces-
sion, the amount of sugar imported from the 
Union had a significant increase from the pre-
accession. In addition, as seen in the graph in 
Fig. 2, trade balance for the sugar product is 
increasingly deficient, as compared with 2002 
(Fig. 3). 
The quota system is a setter for the sugar market. 
Sugar quota is the amount of sugar, isoglucose 
or inulin syrup produced under quota in a 
marketing year and awards to a sugar factory. 

 
Fig. 3. Sugar trade between 2002 and 2011  

world and the U.E. 

According to the European Commission, the 
elimination of quotas in 2016 will increase by 
1.9% in the beet production and an 8.2% 
decrease in the price of sugar by 2020. An 
impact assessment carried out by the EC 
expects EU sugar exports to increase by 6.9% 
and imports to decrease by 4.7% in 2020, but 
the bloc will continue to be a net importer. [2] 
Import price was calculated by dividing the 
revenue from imports in quantity imported, the 
price of export income from exports relative to 
the amount exported. As seen from the chart 
below, the price of sugar, both import and 
export, increased from 2002 to 2011, reaching 
values of about four times higher. 

Fig. 4. Evolution of import and export prices, 2002-2011 
 
The percentage difference between the two prices 
shows that, in 2004, the export price was 383% 
higher than the import, and 164% in 2005. In 
the other years. the difference between the two 
prices oscillated with an additional 5 to 85%. 
After tax evasion cuts the sugar market players 
in Romania, our country has only four sugar 
factories currently functioning compared with 
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33 in 1989, raising production quotas imposed 
limited EU industry recovers not native (Fig. 4). 
 

Table 3. Evolution of deficit relative  
to the base year, 2002 

 
Total  groups 

deficit 
Sugar 
deficit % 

Evolution of 
the deficit 

reported at 
2002 for total 

trade 

Evolution of 
the deficit 

reported at 
2002 for total 

sugar 

2002 -739.185,1 -97.138,1 13,14 100,0 100 

2003 -1.169.688,7 -130.302,2 11,14 158,24 134,1 

2004 -1.311.642,2 -129.362,4 9,86 177,44 133,2 

2005 -1.680.442,5 -156.583,8 9,32 227,34 161,2 

2006 -1.961.385,4 -217.550,3 11,09 265,34 224,0 

2007 -2.957.438,9 -202.615,6 6,85 400,09 208,6 

2008 -3.036.225,4 -307.627,6 10,13 410,75 316,7 

2009 -2.272.699,5 -288.138,7 12,68 307,46 296,6 

2010 -980.960,5 -218.783,9 22,30 132,71 225,2 

2011 -572.831,6 -308.062,7 53,78 77,50 317,1 

     Source: MADR 

Using a fixed-base indicator, the table above 
shows that , in terms of total evolution balance 
from 2002, this percentage increased with 58, 
77, 127, 165, 300 and 310% from 2003 to 2008, 
then it declined slightly in 2009, reaching a rate 
of plus 207% compared to 2002; in 2011, it 
reached 23%, compared to the base year. If we 
still consider the shortages of sugar and 
confectionery group, this percentage increased 
compared with 2002, reaching a peak in 2011, 
with an added value of 217%. This means that, 
in 2011, we imported most of our sugar in order 
to cover domestic consumption (Table 3). 
One can notice that, after we joined the EU 
community, the dependence on imports towards 
UE increased significantly. If, in 2002, we 
could discuss about a dependence of 9.77% in 
2007, the year of accession of Romania, 
49.97% of the revenues imports returned to the 
EU. In 2011, dependence increased to 39.90% 
more than 10 percent after one-year 
membership (Fig. 5). 
We also can see the dependence on exports to 
the Union. In 2002, 21.36% of export revenues 
came from products destined for the European 
Union. 
This percentage increased significantly until 
2005, when it reached a share of 90.84%, then 
decreased to 42.85% in 2006. The dependence 
on exports to the EU increased significantly 
again after accession, reaching almost total 
dependence in 2009, 94.68% of sugar and sugar 

products being exported within the European 
Community. 
 

Fig. 5. Import dependence  
on the European Union 

 

Fig. 6. Dependence on exports  
to the European Union 

 
As seen before, the value of import revenue 
was significantly higher than export earnings. 
The graph below shows the coverage of imports 
by exports (Fig. 7). 
In 2002, the exports covered only 4.77% of the 
amounts spent on import of sugar. The year 
2003 experienced the lowest percentage of the 
period, only 2.48%. Since 2003, the coverage 
started to become more significant, with some 
fluctuations, reaching 36.52% in 2011. 
Although the imported value increased 
significantly, we also exported more, compared 
to 2002. 
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Fig. 7. Coverage of imports by exports 

The graph with the deficit developments of 
sugar and sugar confectionery, and each class 
of this subsidiary between 2002 and 2011, can 
be seen below. As noted, the deficit revenue of 
sugar and sugar confectionery group became 
significant from 2002 to 2011. If, in 2002, we 
could talk about a deficit of $97,138,000 in 
2011, it reached a deficit of $ 308,063,000, i.e. 
a difference three times higher than the year we 
started analyzing the subsidiary (Fig. 8). 
 

 
Fig. 8. Evolution of the deficit for sugar and 

confectionary sugar, 2002 -2011 
 
Within this product channels, the most impor-
tant category of exports is sugar cane or sugar 
beet. A difference can be observed as big as the 
largest group in part between 2002 and 2011. 
If, in 2002, the deficit was $89,436 million in 
2011 to triple again occurs, leading to a value 
of $253,362 million of our country's budget 
deficit and sugar confectionery. Concerning the 
sugar confectionery containing no cocoa or 

other sugar, including fructose, lactose, glu-
cose, isoglucose, we observe the same signi-
ficant change in the deficit between the analy-
ses. Instead, the subgroup of molasses obtained 
from the extraction or refining of sugar, dealt 
with in 2006 and 2011, recorded a surplus of 
the product. The amount of revenue was 
$183,000 in 2006 and $488,000 in 2011. 
  
 CONCLUSIONS  
 
The sugar sector is found in a continued reform 
and needs to become efficient and more 
flexible, closer to the customer and market. 

 
The accession of Romania to the EU has led to 
the introduction of quota sugar, and the reduc-
tion of acreage in sugar beet production, res-
pectively, with consequent domestic sugar 
processing factory closures and increasing 
imports.  
The year 2011 was the poorest marketing year 
for the sugar chain and recorded the largest 
imports for the period studied. In 2011, the last 
year studied, exports also increased. That could 
be explained by either the improvement of 
sugar quality, owing to a better extraction yield 
for 2010, or by the possibility of purchasing 
sugar at relatively lower prices and resold it at 
higher prices. 
Our accession to the European Union has led to 
an increased dependence on imports and 
exports of sugar product. We have almost 
become dependent on a percentage close to 
100%. 
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