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Foreword

Climate change, population growth and competing demands for land and resources are
putting great pressure on the world's food systems. The current approach for feeding the world
is based on large-scale and high-input monoculture production system. The environmental and
socia problems caused by such an agricultural production model are well known. The current
agro-food system failed to feed the world population and to eradicate rural poverty. The most
dramatic environmental damage is caused by habitat conversion and corresponding climate
change, loss of biodiversity and ecosystem functions, soil erosion and degradation, and
pollution from fertilizers and pesticides. Nevertheless, agricultural development have greatly
aleviated hunger and poverty.

The world’s population is set to reach nine billion by 2050. To feed them it is needed
to produce 70% more food, and do so without destroying our environment. The
futureagriculture will be based on traditional knowledge, science, innovation, and ecological
principles. Sustainable agriculture concept, apart from agro-ecosystem services protection,
include various economic,environmental, social and institutional aspects. The successful
management of agricultural resources for meeting the changing human needs, while
maintaining or enhancing the quality of the environment and conserving natural resources, is
imperative for a stable food production.

Appropriate agricultural and rura development strategies in the Balkan area and
beyond should ensure food and nutrition security — through the sustainable intensification of
crop and animal production - while protecting the environment and natura resource base.
They should aso contribute to the eradication of rural poverty and improvement of
livelihoods of rural populations through the diversification of their income-generating
activities.

During three days, November 15-17™, 2012; the 3 Internationa Symposium
“Agrosym 2012” made an important contribution to the improvement of knowledge in
agriculture, environment and rural development fields. A total of 120 papers were presented
representing more than 20 countries (e.g. Albania, Algeria, Cameroon, Croatia, England,
Georgia, Greece, Ghana, Iran, Italy, India, Israel, Macedonia, Montenegro, Poland, Serbia,
Spain, Sudan, Turkey and Vietnam).

This publication comprises a selection of edited papers from those that were
submitted. We are convinced that the results reported here will be significant in the
dissemination of knowledge to the wider audience about important issues regarding
agriculture, food, environment and rural development.

The success of the symposium was made possible thanks to the unconditional
commitment and invaluable contributions of a wide range of partners and cosponsors. Much
appreciation is due to the authors of all papers submitted and presented at the symposium as
well asto all the symposium participants for ideas, insights and contributions.

Academician Dusan Kovacevic Prof. VesnaMilic
President of the Scientific Committee President of the Organizing Committee
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Abstract

Drought represents a certain period of time, which is manifested by a lack of rainfal
for anormal growth and development of crops with simultaneously high temperatures and low
humidity. Damages caused by drought depend on the time of its duration and its intensity. If
thistimeislonger, therefore damages are greater, and they can sometimes be catastrophic.

Drought occurs over a wide area in the first place as a result of reduced rainfall and
due to increased temperatures at the global level. It is believed that 1/2 of the Earth's
continental area has the deficit of rainfall. The tendencies of reduction in rainfall were
recorded in Serbia as well. In the last three decades, rainfall has decreased in the region of
Vojvodina, Sumadija, most of Pomoravlje (the Moravariver valey) and southern Serbia. The
highest rainfall deficit (20%) was recorded in the last decade. The causes of drought are
different. One of the main causes is the lack of atotal amount of rainfalls during the year and
their distribution during the vegetative period of plants and evaporation intensity of
precipitation. Furthermore, these are the properties and soil condition in which there are also
water needs of the plants. Within our climate, drought is an occasional occurrence which
sometimes manifestsitself in amild and sometimesin avery harsh form.

In the fight against drought, regular and specific cultural practices are used along with
an adequate assortment of plants more resistant to drought. Regular practices comprise soil
tillage, fertilising, sowing, care treatments, crop rotations, and as regards the particular
practices, they include snow retention, mulching, antievaporants. In addition to these
practices, it isimportant to mention irrigation as the most direct practice by which water can
be added in desired quantities completely independently of precipitation. However, irrigation
essentially changes all of the conditions substantially in a cropping system, so that it
represents, for itself, a special practice with far-reaching effects, which should be considered.

The am of this study was to analyse the data of the two-decade period between 1990-
2012 of rainfall and temperature, and to observe the change in Serbia and in the Belgrade
area. Based on the evauation criteria for climate according to Lang for our conditions, we
analysed the effects of certain practices on mitigation of drought in which the role of crop
rotation was particularly emphasised. On the basis of the data analysis, cultivation practices
which can be used for an indirect influence on drought and yields of the two most important
cropsin Serbia, maize and winter wheat.

Keywords.Climate change, ecological aspect of drought, adaptations, cultivation
practices, winter wheat, maize, Serbia

Introduction

The studies on anthropogenic climate change performed in the last decade over Europe
show consistent projections of increases in temperature and different patterns of precipitation
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with widespread increases in northern Europe and decreases over parts of southern and eastern
Europe (Olesen and Bindi, (2002).

In many countries and in recent years there is a tendency towards cereal grain yield
stagnation and increased yield variability. Some of these trends may have been influenced by
the recent climatic changes over Europe. The expected impacts, both positive and negative,
are just as large in northern Europe as in the Mediterranean countries, and this is largely
linked with the possibilities for effective adaptation to maintain current yields. The most
negative effects were found for the continental climate in the Pannonian zone, which includes
Hungary, Serbia, Bulgaria and Romania. This region will suffer from increased incidents of
heat waves and droughts without possibilities for effectively shifting crop cultivation to other
parts of the years. A wide range of adaptation options exists in most European regions to
mitigate many of the negative impacts of climate change on crop production in Europe.
However, considering all effects of climate change and possibilties for adaptation, impacts are
still mostly negative in wide regions across Europe Olesen, et. a. (2011).

Many definitions exist for each of the man types of drought, including
meteorol ogical, agricultural, hydrological and socio-economic Meteorological drought applies
to a long-term lack of precipitation that is frequently intensified by anomalously high
temperatures that increase evapotranspiration. This often leads to other types of droughts
including agricultural - periods during which soil moisture is insufficient to support crops;
hydrological - prolonged periods of unusualy low surface run-off and shallow groundwater
levels and socio-economic droughts an unusua shortage of water that produces an adverse
effect on society and the economy (Maybank et al.1995).

Drought is one of the major hazards affecting Serbia and drought is a normal part of
the climate. Most global climate models project increased summer continental interior drying
and, as a result, a greater risk of droughts is projected for the twenty-first century. The
increased drought risk is described as likely and is a result of a combination of increased
temperature and evaporation not being balanced by precipitation. Increasing the efficiency of
water use within agricultural systems is an essential priority in many regions and State of the
World including the R. Serbia. The primary source of water for agricultural production for
most of the world is rainfall. Amount of rainfall, frequency and intensity are three values of
which vary from place to place, day to day, month to month and also year to year. For crop
growth is important information of the amount, intensity and distribution of days, decades
monthly or annual rainfall for the most important places in the world. Crops with high water
consumption create greater deficits of moisture in the soil; therefore effective rainfal is
directly proportional to the rate of water uptake by the plant. Crop characteristics influencing
the rate of water uptake are the degree of ground cover, rooting depth and stage of growth.
The crop is an important factor in interpreting the basic data. Hence the seasonal needs of
major crops in a given area should be taken into account when the extent of effective rainfall
is assessed.

Some recent studies have pointed out more frequent and severe drought in the territory
of Serbia and in other parts of the Balkan peninsula (Bosnjak,1997; Dragovic,1997; Spasova
Danica et d.,1997; Spasova Danica etal.,1999; Spasov and Spasova Danica, 2001; Spasov,
2003; Marinkovic et.al., 2009; Maesevic et a, 2011).

This review examines the research priorities, the prospects for crop and soil
management and plant breeding and biotechnology that are needed to achieve high stable
yield under drought. Research must combine the latest latest knowledge including
agroecology, crop and soil management practices, genetics and ecophysiological
understanding of the interactions between crop plant genotypes and the growing environment
to better inform crop improvement.
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Ecological aspects of drought

When speaking about drought in ecology, it most often refers to the lack of active
moisture in the environment in which plant organisms are, that is, in lithosphere, pedosphere
and atmosphere. Drought occurs, either due to a real lack of water in the environment, or
because of difficulty in supplying plants with water in otherwise sufficiently wet environment.
Drought occurs over a wide area in the first place as a result of reduced rainfall and due to
increased temperatures at the global level. It is believed that 1/2 of the Earth's continental area
has the deficit of rainfall. The tendencies of reduction in rainfall were recorded in Serbia as
well. In the last three decades, rainfall has decreased in the region of Vojvodina, Sumadija,
most of Pomoravlje (the Morava river valley) and southern Serbia. Knowing the problem of
drought is of great importance particularly for the planning and rational use of natura
potentials in the area of plant production, as well as for taking measures to mitigate and
eliminate a harmful effect of drought (Cvetkovic et a., 1996; Cvetkovic and Oljaca, 1999;
Oljaca Snezanaet al., 2002).

Nature discovered in the course of evolution many different ways for the plants to
adapt to drought. It isabig challenge that many of them find their application in grown plants,
which are usually not resistant to drying out. Plants can avoid drought in two ways: to avoid
it completely by not growing in the dry season, or to actively adapt to those conditions. Plants
usualy avoid drought by means of accelerated growth and the completion of the life cycle
before the onset of a drought period. Tolerance to drought is acquired through various
developmental, morphological and physiological adaptations that allow the plant either the
balance between water uptake and transpiration, or water-deficit tolerance. Avoiding
dehydration is the ability of plants to maintain relatively high leaf water potential, when soil
or air droughts occur.

The causes of drought mainly come from the atmosphere. A man can hardly influence
the quantity and distribution of rainfall, therefore his actions to combat drought are mainly of
indirect character.

Drought represents a certain period of time, which is manifested by a lack of rainfal
for anormal growth and development of crops with simultaneously high temperatures and low
humidity. Damages caused by drought depend on the time of its duration and its intensity. If
thistimeislonger, therefore damages are greater, and they can sometimes be catastrophic.

Adverse physiological effect of drought reflects in stopping the increase if of lesser
intensity, and it can intensify until a complete halt to all vital functions of the plant. Due to
drought, transpiration and photosynthesis are reduced, but respiration is carried out
continuously and spare organic matters are used. The plant loses its weight, the |leaves wither,
and their tops dry. When a prolonged dry period occurs, the whole plants dry out. If a dry
period in the summer continues in the autumn then it hinders the timely sowing of winter
crops.

The causes of drought are different. One of the main causes is the lack of a total
amount of rainfalls during the year and their distribution during the vegetative period of plants
and evaporation intensity of precipitation. Furthermore, these are the properties and soil
condition in which there are also water needs of the plants. Within our climate, drought is an
occasional occurrence which sometimes manifests itself in a mild and sometimes in a very
harsh form. The evaporation intensity depends on the temperature, winds activities and
geographical location of a certain area and it increases in our country going from the west to
the east or from the north to the south of the country. In particular, these values are high in
the southeast. Temperatures unguestionably have a great impact on this phenomenon. The
evaporation is a product of the high temperature and it isin the closest relation to the direction
of decreasing of the rainfall. This fact should show the reasons why our eastern and
southeastern regions often suffer from more or less serious consequences of drought. Sail
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having favourable properties can absorb and retain moisture, which is available throughout the
year. Soils of favourable structure, loose, with plenty of humus better receive and hold
moisture than light sandy and heavy clay soil or shallow soils. In addition, if soils are well
cultivated, fertilised and generally speaking in a better conditional state, they less suffer from
the drought consequences.

Properties of plants and their water needs (xerophytes, hydrophytes) are aso different.
The size of the transpiration coefficient indicates water needs of the plant. If it is larger, the
water needs of the plant concerned are generally greater as well. In these terms, when growing
crops it is important to know how great their general water need is and when critical periods
for moisture occur.

As a consequence of global climate change, changes in the intensity and frequency of
climate extremes - tropical cyclones, droughts, floods, landslides, soil erosion, storm disasters,
snow storm and frosts, heavy rains of short duration, waves of extremely high temperatures of
air, fires, conditions for the spread of epidemics and pests (Easterling, 1996).

The greatest economic damages in Serbia have been caused by droughts, floods,
storms accompanied with hail, landslides, erosion caused by the torrents, and in recent years
there has been an increasing number of heat waves and the conditions for the occurrence and
spread of forest fires.

Taking along-term view, the problems arise due to the fact that since the seventies of
the twentieth century to the present days average annual temperatures in the country and the
region have been constantly rising. However, climate change in this area so far have been
reflected in the increased frequency and intensity of extremes, such as this one with the
drought in the past two years and with increasingly frequent occurrences of heat waves, etc.
If this trend of climate change continues as shown by the various climate change scenarios for
thisregion, it could lead to big problems in weather and climate as well as the water supply.

Characteristics of the main climate parametersin Serbia

Climate in Serbia can be described as moderate-continental, with more or less distinct
local variations. As the main plant production is carried out under conditions of moderate
continental climate in the lowland and undulating regions it is important to specify its main
features. The average annual temperature is around 11 °C, the warmest month is July with
about 23 °C, and the coldest month is January with about -1 °C of mean monthly temperature.
Temperature in spring rises quite rapidly, whereas a temperature drop in the autumn is sharp
aswell. The length of the period with the mean temperatures above 10 °C, and these are the
temperatures for the vegetation of spring crops (maize, sunflower, sugar beet, potatoes, etc.),
is equal to about 200 days. Mean temperatures above 20 °C last for three summer months,
around 80 days. The frostless period lasts approximately from 1 April to 15 November,
totalling around 230 days. The annual amount of rainfall amounts to 600-750 mm. The
rainfall ratio of warm to cold part of the year (warm part of the year lasts from 1 April to 30
September) is 55-60% to 40-45%. In other words, although there are more rainfalls during the
vegetative period for spring crops there is often a problem of their lack during July and
August. The maximum rainfal is received in June, whereas the minimum is measured in
January and February. The annual rainfall rate in different parts of central Serbiais mainly
satisfactory, athough there are years with the extreme lack of rainfalls (drought periods) that
affect asignificant decrease in crop yields.
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I nfluence of meteorological conditionsin the area of Belgradein the period (1990-2012)
on maize and winter wheat

Based on many-decade anaysis of the data obtained from the Republic
Hydrometeorologica Service of Serbiain the Belgrade area (Tables 1 and 2 at the end of this
paper as a supplement), it can be noticed that droughts have been increasingly frequent in
these regions for the last twenty years. Even six years of the last twelve years were dry. It is
very important for agriculture when drought occurs. If the drought occurs during the critical
periods for moisture in a given crop, or when the fruit is being formed and grain filled, then
the damages are the greatest. For example, in the analysed period of 22 years. 1992, 2000,
2007, 2003, 2001 and the current year of 2012 were very dry. In these years, drought was
observed in the spring, and it was especially noticeable in the summer period so that the
adverse consequences for most of the spring crops were great. In Serbia, 2007 even higher
temperatures than those in the current year of 2012 were recorded. The subject under
discussion is the highest temperature ever recorded in the area and up to 45 °C, when some
previous maximums were exceeded. Damages that are registered via reducing yields were
severe. Obtained maize yields were lower in comparison with the previous year by 32 per
cent, and yields of sunflower as the most resistant to drought were decreased by 23 per cent.
The spring drought also occurred in 2009, but it was overcome and it does not belong to
severe droughts. During the vegetative period of maize an increasingly frequent heat waves
are observed. In the beginning, these were the waves in the month of September, which
contributed to more rapid maturation of maize. However, in recent years, tropical heat waves
in which the nighttime temperatures do not drop below 20 occur earlier in August, and this
year they occurred in the second half of July. These waves contributed to the accelerated
maturation and disturbed the grain filling. Thisis becoming area problem these days.

A special problem arises when the drought is transferred to the optimal time for
sowing of winter crops (regarding our conditions, October to mid-November), which
significantly complicates and prolongs their seedling emergence until the winter. As the
example the situation from 2011 is given when the drought was pressing during the whole
vegetative period, particularly in August and September, when it was the worst. After that, it
continued in October and November resulting in the soil without any moisture for along time,
which had an effect on wheat yield the next year.

This 2012 was characterised by the fact that the rainfalls in June, July and August
were significantly lower than the average rainfall. In June, the rainfall measured was only 32
per cent of the average, and in July only because of the raining at the end of the month the
rainfall received was 86 per cent of the average. In August, only 5 per cent of the average
were recorded-there almost was no rainfall at all. Thus, in these three months most of the
territory of Serbia received 25-50 per cent of the average rainfall which is actually a severe
drought that has an impact not only on agricultural crops, but also on the water levels of rivers
and reduction of the amount of groundwater as well.

In contrast to the dry years in the analysed period there were those ones with more
abundant rainfalls such as 1999, 2001, 2004, 2005, 2009 and especially 2010. In 2010, the
rainfall received was 80 per cent higher than the average, there were even floods. Similar
results were obtained for 2005.1t is for this reason that humid years with long periods of
abundant rains that replaced drought in Serbia have contributed to more favourable situation
with the level of groundwaters that are sometimes significant as a source of water for the
cultivation, particularly of spring agricultural crops which are more distributed than winter
crops in sowing structure in Serbia. Abundant rainfall during the winter period has caused in
some years, as was the extreme 2010, severe damages such as floods and lying waters
throughout the territory, especially in Vojvodina.
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Table 3. Mean temperature and precipitation in different period of maize growing season in Belgrade
(1991-2010)

Average

Period June July August IV-IX I-XI11
summer
Temperature (°C)
Average1970/2000 20.4 22.1 22.0 21.5 18.6 12.1
2001/2012 22.1 24.3 23.9 23.4 20.3 *13.4
difference 17 2.2 1.9 1.9 1,7 1.3
Precipitation in mm
Prosek1970/2000 954 68.9 57.1 73.8 404.0 688.1
2001/2012 98.1 62.6 63.0 74.6 386.3 *719.2
difference 2.7 -6.3 5.9 0.8 -18.0 31.1

* Average 2001/2011: 2012 yet not finished

Using the analysis of the data in the study period for the past eleven years, the average
annual temperature has risen by 1.3 °C in relation to the reference period 1971-2000 (Table 3).
However, the temperature increase is far more significant in the vegetative period of maize as
well as of other spring crops by 1.7 °C compared to the same reference 30-year period at end
of the last century. The strongest influence on the crops in some extremely dry years as were
in 1992, 2000, 2007 and 2012, was exercised by temperature increase in June by 1.7 °C, in
July by 2.2 °C and in August by 1.9 °C, that is, averagely for the three months by 1.9°C. This
is particularly dangerous because the increases are accompanied by severa heat waves that
increase nighttime temperatures in July and August at the tropical level where the
temperatures during the night do not fall to alevel below 20 °C.

Table 4. Mean temperature and precipitation in different period of winter wheat growing season in

Belgrade (1991-2010)
. autumn winter spring veget.period
Period X-XII [-111 IV-VI X-VI
Temperature (°C)
1971/2000 7.2 4.0 16.7 9.3
2001/2010 8.6 4.6 18.2 10.5
difference 14 0.6 15 12
Precipitation in mm
1971/2000 166.3 127.8 223.0 517.1
2001/2010 177.0 154.1 190.3 521.4
difference 10.7 26.3 -32.7 4.3

As for rainfalls if their rate at the annual level is considered, and even at the level of
vegetative period of maize in the first decade of the new century, there was more rainfal.
Even in the two months, June, otherwise in this region with the highest rainfall, and in
August, the rainfall was averagely higher at amonthly level (Table 4).

Only in July, a smal deficit of 6.3 mm was reported. It is certain that the rainfall
became more extreme and more shifted in other periods, which isfavoured by wheat. Namely,
more rainfalls are distributed in the first half of June and the second half of August, which
additionally can create drought conditions because that is the critical period for moisture in
maize from silking to different stage of maturity.

Agricultural impacts and adaptationsto drought

The causes of drought mainly come from the atmosphere. A man can hardly influence
the quantity and distribution of rainfal, therefore his actions to combat drought are mainly of
indirect character. In the fight against drought, regular and specific cultura practices are used
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along with an adequate assortment of plants more resistant to drought. Regular practices
comprise soil tillage, fertilising, sowing, cultivation practices, crop rotations, and as regards
the particular practices, they include snow retention (to keep snow with residue precrops),
mulching etc. All those cultural practices are applied so as to retain moisture and prevent
moisture loss while encouraging its more efficient and economical use (Kovacevic et al, 2000;
Molnar et al., 2001, Smith and Skinner, 2002; Kovacevic et a., 2005a; Faloon and Betts,
2010). In addition to these practices, it is important to mention irrigation as the most direct
practice by which water can be added in desired quantities completely independently of
precipitation. However, irrigation essentially changes substantially all of the conditions in a
plant production system, so that for itself, it represents a specia practice with far-reaching
effects and special adjusting of all other cultivation practices that accompany it. The creation
of a new assortment of cultivated plants resistant to stressful conditions caused by the drought
comprises plant breeding. The proper selection of cultivars (hybrids), that is, genotypes of
crops more tolerant to drought is in accordance with the prevailing local conditions.

Fighting against drought is mainly focused on the implementation of certain measures
through soil and through the plants.

Basic tillage with seedbed preparation. The creation of favourable conditions in the
soil through tillage and fertilisation (agromeliorative tillage, creation of tilth, autumn deep
tillage) makes alayer of soil that is able to receive and carry or accumulate sufficient reserves
of moisture from the period when it is abundant as well as to put them at the disposal of the
plants in their critica periods for moisture.Hence the autumn deep tillage is of enormous
significance for all, especialy for the spring crops. All practices of presowing tillage methods
as well as care treatment aimed at capillarity cutting and moisture conservation are also
welcome for this purpose (drilling, interrow cultivation and hoe and ridge cultivation). For the
purpose of eliminating various unfavourable abiotic influences which are directly manifested
in the soil and creating favourable conditions for crops, different care treatments are used, first
of all, those of mechanical nature: drilling, rolling and interrow cultivation with hoe and ridge
cultivation (Kovacevic et al., 2000; Kovacevic et a., 2009a).

Sowing. When speaking about sowing, one should bear in mind the selection of
cultivars (hybrids) adaptable to drought for the known area, pre-defined technology (high or
low-input), expected meteorological conditions in the given year as far as possible to predict
on the basis of certain indicators, plant density and depth of sowing spacing, that is, the
guantity of high quality processed seed (high quality cleaning, calibration with full seed
treatment which means disinfection, disinfestation and protection).

One of the most common mistakes, but fatal in dry years, is ahigh crop density, much
higher than the predicted optimum that is recommended for a particular hybrid or cultivar. As
regards arid conditions or when on the basis of numerous indicators the dry year is expected,
the density of the crops sown should be lower than the one predicted for moderate years. In
irrigation conditions and humid regions, the density certainly does not have to be a problem
provided that there are sufficient quantities of water for all plants.

According Turner (2004) conventional plant breeding so far only increased the yield
of crops grown under drought at about half the rate achieved for crops grown in temperate
regions Crop response to stress is dependant on numerous traits many of which are
constitutive and expressed irrespective of water availability, but such constitutive traits may
also be modified by stress. Directed breeding strategies must focus on the key traits important
to performance under drought stress [e.g. phenology, rapid establishment, early vigour, root
density and depths, low and high temperature tolerance, **C discrimination (a measure of the
extent to which photosynthesis is maintained while stomatal conductance decreases), root
conductance, osmoregulation, low stomatal conductance, leaf posture, habit, reflectance and
duration, sugar accumulation in stems to support later growth of yield components]. The am
isto allow wheat to continueto grow and yield grain under water-limited conditions.
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Breeding for drought tolerance is further complicated bythe fact that severa types of
abiotic stress can challengecrop plants simultaneously. High temperatures, high
irradiance,scarcity of water, and nutrient deficiencies arecommonly encountered under normal
growing conditionsbut may not be amenable to management through traditionalfarm practices.
Certain soil properties such ascomposition and structure can aso affect the balance ofthese
different stresses. However, breeding combined with agronomy in an optimised system may
increase efficiency and productivity. Even if breeding for drought tolerance lowers the yield
potential of the crop, it may increase yield stability over seasons, which could still benefit
many farmers in drought-prone areas (Araus et al., 2003). However, in many cases, newer
improved varieties are accepted slowly by farmers.

The improvement is noticed in the field of genetic methods and breeders have been
working on the creation of new program to drought tolerance. We will need to develop water
use efficency in crop species, tolerance to periodic drought stress both in dryland and irrigated
crops, and adaptation of species that are more efficient in use of limited water. In the
meantime, until new culitvars more resistant to drought and other stressful conditions are
obtained, one should carefully select cultivars, that is, hybrids that have been best adapted so
far on the basis of previous experience. The proper selection of cultivars-hybrids, that is,
genotypes of crops resistant to drought is in accordance with the prevailing local conditions.
(Caderini and Slafer,1998; Brissona Nadine et al., 2010;Fleury et al., 2010; Kovacevic et al.,
2011; Kovacevic and Lazic Branka 2012).

Minimising the damage caused by the drought in most areas sown with maize can be
achieved by certain cultivation practices, selection of hybrids and sowing at the recommended
densities per unit area. The number of plants per unit area has the greatest impact on maize
yield in years with favourable weather. However, in years with lower rainfall, or ther
unfavourable distribution, it is very risky to grow hybrids at large densities because it results
in the occurrence of sterile plants (plants without ear). Maize hybrids created in our country
are better adapted to drought conditions in these areas. In addition, our hybrids have the
ability to produce high yields due to smaller number of plants per unit area in favourable
weather conditions, whereas in the dry years they are more tolerant of drought. Similarly,
these hybrids at lower density are more tolerant of the drought compared with the hybrids at
high density. For the purpose of better using of moisture supplies in the soil and of better
preventing of evaporation, there are plans for creating hybrids suitable for very early sowing,
even in early April in our climate. The work is being carried out apropos developing hybrids
with accelerated growth at the beginning of vegetative period so as to close vegetative area,
shade the soil and reduce evaporation, that is, free run-off of water, and besides that, to pass
earlier acritical period for moisture, which in our conditions from mid-June to mid-July.

Interrow cultivation and hoeing. The soil sown with wide-row crops is unprotected for
along period of time. Applying interrow cultivation, with cultivators intended only for such
purposes, the soil is cut and the loosed between the rows. In this way, the following objectives
are achieved: the existing crust is destroyed and the emergence of a new one is prevented,
capillarity cutting creates a loose layer on the soil surface, which also prevents unnecessary
loss of the existing moisture in the soil, as well as the ability of soil to absorb new moisture
from rainfall; bulk density is reduced while the porosity and air capacity are increased, which
increases aeration and improves the soil thermal regime, weeds from the interrow space,
which can be strong competitors to cultivated crops for moisture, are destroyed .

Mulch Tecniques reduce evaporation in such away that the lower surface is exposed to
sun and wind. The sun's rays reflect back more from lighter surfaces (mulch is lighter than
soil) causing a decrease in temperature. Chopped materials or tinier substances used for mulch
better absorb moisture and prevent its run-off or evaporation. The area under the mulch is
more porous without soil crust and can absorb more moisture. For these reasons, soil is
supplied with moisture.
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Thinning crops. The need for thinning crops occurs in those cases when due to various
reasons we have not succeeded in sowing crop at the desired density. All these redundant
plants have to be removed when hoeing for the first time. In this way, the best vegetative area
is left to the remaining plants by removing their competitors for water and nutrients.

Manuring and Fertilizing. Manuring of the soil under different crops cannot resolve al
issues in the field of plant mineral nutrition. Plants have very different needs for some
fertilizers (minera-inorganic fertilizers with macro and microelements in various, only for
them typical growth periods, during vegetative period. Fertilizer top dressing significantly
improves poor condition in winter worn and damaged winter crops (Malesevic et al, 2011).
As regards spring crops with along vegetative period, it is usually intervened about two times
with interrow cultivation and side dressing fertilizers in the way that they significantly help to
occupy the space faster and become more competitive regarding adverse conditions including
drought.

Irrigation. The lack of rainfall and their unfavourable distribution are eliminated in the
most effective and most direct way by irrigation. Irrigation is mentioned here as one of the
possible care treatments for eliminating the effects of drought. However, irrigation essentially
changes al the conditions substantialy in a plant production system, so that it represents, for
itself, a special practice with far-reaching effects. In irrigation cropping system, there are
numerous specific cultivation practices, and the existing ones require some adjustments to the
conditions which are significantly different from those in the natural wetting regimes.
Irrigation is particularly important in arid areas where crops cannot be successfully grown
without it. In other areas, it allows normal water supply and removing the discontinuity in an
unfavourable rainfall distribution.

Our experience with crop rotation in yearswith different rainfall regime

Crop Rotation. Agriculture is increasingly based on market laws of supply and
demand, that is, conjuncture and this is where economic interests dominate, which are often
not in accordance with the agrobiological reasons, at least when it comes to crop rotation.

Apart from continuous maize cropping that is still evident and is still only possible due
to the absolute domination of maize on arable land in sowing structure of Serbia, there is still
two-field crop rotation (winter wheat - maize) and an increasing number of three-field crop
rotation, which includes soya bean, which is very positive (Dolijanovic et a., 2006;
Dolijanovic et al., 2007; Dolijanovi¢ et al., 2009; Dolijanovic et al., 2010).

Crop rotation is the most general and most comprehensive cultural practice, which
more or less links al others in a mutualy dependent system, designed for the successful
achievement of certain objectives. Using modern cropping systems that include multiple
cropping, cover crops to create the most favourable conditions reliably ensuring that each of
cultivation practices best makes great success (Oljaca et a., 1999; Oljaca et al., 2000;
Govaerts et d., 2007; Kovacevic et al., 2005b).

In the crop rotation the crops before in cropping pattern should be taken into account.
No sensitive plants should be sown after the crops before in cropping pattern, which had
already spent a lot of moisture the previous year. Sunflower, sugar beet, alfafa are exactly
such crops. As for the plants themselves, it should be mentioned that apart from the selection
of species, the cultivars (hybrids) of one species should be also taken into account. Some are
more resistant to drought and adaptable to such circumstances, and some are still very intense,
with very high demands for al factors starting from nutrients to water (Kovacevic et al.,
Kovacevic et a., 2005b; Kovacevic et al., 2007b, Kovacevic et a., 2008a; Kovacevic et al.,
2010).

Water use can be further improved by changing cropping patterns. The choice of crop
to be grown is critical and should reflect both the availability of water and socio-economic
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requirements. Water requirements can be greatly reduced by replacing a crop requiring
substantial amounts of water, sugar beet, with crops requiring less water. Similarly, utilisation
of the best-adapted cultivarsis important in maximising yield under water stress. Even simple
adjustments such as cultivars that can be planted earlier to more closely match crop growth to
rainfall distribution can increase productivity (Turner, 2004). There may be a compromise
between yield and water use as more rapidly maturing varieties may have smaller yield
potential.

At "Radmilovac" experimental estate of Faculty of Agriculture in Zemun on
chernozem luvic soil type, different cropping systems have been established: continuous
cropping (winter wheat, maize and soya bean) and different crop rotations two-field crop
rotation (winter wheat - maize); three-field crop rotation (winter wheat - maize - soya bean)
and six-field crop rotation (winter wheat, maize - soya bean - spring barley - red clover -
sunflower). They are still there.

In order to compare the effects of crop rotation to the abiotic stressin dry years on the yield of
our two most important crops of winter wheat and maize, we had to choose, tentatively speaking, dry,
moderate and wet years from a series of meteorological data from the last two decades (1991/92-
2011/12), which are characterised by very pronounced oscillations in temperature and precipitation.In
agrometeorology and agronomy, when we want to gather more information about the type of
climate, it is necessary to know the specific climatic indices (Standardized Precipitation
Index) - SPI based on the amount of rainfall 30, 60 and 90 days with the step in the
calculation of one day; SPI for 1,2,3,4,5,6,9,12 and 24 months - a step in the calculation is the
calendar month; Palmer Z-index (Palmer Drought Severity Index - PDSI), which is a measure
of the monthly moisture anomaly or detailed climatograms. Considering the dependence of
the rate of plant growth on the moisture content in the soil and evaporation it has been shown
to be advisable to establish such indices which would indicate that climate characteristic of
the region in terms of the intensity of evaporation and soil moisture reserves (Spasov and
Danica Spasov 2001; Mihajlovic, 2002; Spasov, 2003, Radicevic Zoricaetal., 2011).

=

1- Years

Figure 1. Rainy factor according Lang per year in Belgrade, period 1991-2012
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W 1991/92-2011/12 Linear (1991/92-2011/12)

Figure 3. Rainy factor according Lang in vegetative period of winter wheat(Belgrade 1991-2012)
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Table 5. Effects of cropping system in different weather conditions on grain yield of maize (t ha)

Weat_h_er RF acc. Cont. 2-crop Crg-pc;g;)anon6-crop AC\rloepr)age ?ﬁiroer?fe
conditions  Lang CroP 1ot rot. rotat.  rotat. cropp.
2000 25.9 575 650 6.50 5.55 6.18

2003 42.4 6.05 545 5.69 5.36 5.50

2011 36.1 6.40 6.80 7.10 7.40 7.10

Dry Average 6.07 6.25 6.43 6.10 6.26 0.19
1994 50.2 852 887 8.91 9.34 9.04

2004 64,3 700 955 10.02 9.12 9.56

2006 56.9 825 840 8.60 8.60 8.53

Moderate Average 7.92 8.9 9.18 9.02 9.05 1.13
1999 87.3 845 9.67 9.75 10.74 10.1

2001 70.1 800 850 8.75 8.54 8.60

2005 64.8 720 9.15 10.60 8.80 9.52

Wet Average 7.88 911 9.70 9.36 9.39 151
Decrease grain yield 185 286 3.27 3.26 2.80

% 234 314 33,7 34.8 311

For this purpose, the most commonly used are Lang's rain factor, De Marton's drought
index, Conrad's index of continentality and Ivanov moisture coefficient (Spasov and Spasov
Danica 2001, Lalic Branidavaet al., 2002; Spasov, 2003; Radicevic Zoricaet al., 2011).

We opted for Lang's rain factor calculated as the ratio of annua rainfal and mean
annual air temperature of an area. (Figure 1, Figure 2 and Figure 3). According to Lang, the
characterisation of climate is as follows: 0 - 20 Desert - Arid, 20 - 40 Semi-desert, 40-60
Steppe and Savanna ; 60-100 Weak forests - Humid, 100-160 High forests and over > 160
Steppes and tundras-Perhumid. The graph shows the noticeable trend of decreasing moisture
indices according to Lang for the first twelve years of the new millennium compared to the
last decade of the old one. Thistrend is particularly evident in the vegetative period of maize.

On the basis of the rainfall regime and the average annual air temperatures for the whole year
in the Belgrade area, we have chosen three extremely dry, three moderate and three very wet years.

In those years, according to data from Table 5, appropriately established crop rotations
with greater diversification of crops such as three-field and six-field crop rotations provide
better tolerance of extreme humidity conditions as shown in our study compared to the
continuous cropping of winter wheat and maize.

Continuous cropping in this sense has proved to be worse solution even for maize that
is known to show better tolerance. High maize yields in dry years were obtained in smaller
areas with complete cultivation practices and full compliance with al deadlines of
implementation of management practices, so it should not be surprising that in widespread
practiceit is not the case.

Table 6. Effects of cropping system in different weather conditions on grain yield of winter wheat (t

ha'™)
Weather RF acc. Cont. 2-crop Crgfjc;g;)anon&crop Average aegcr)ﬁ?se
conditions Lang cropp TotaL. rotaL. crop rot. cropp.
2001/02 29.9 320 4.86 4.86 5.10 4.94
2002/03 34.2 290 310 3.10 3.30 3.17
2010/11 38.3 301 402 4.16 3.89 4.02
Dry Average 3.04 399 4.04 4.10 4.04 1.00
1997/98 46.6 316 341 3.51 4.56 3.83
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2000/01 52.5 330 4.60 4.60 4.70 4.63
2008/09 48.7 360 390 4.10 3.98 3.99
Moderate Average 335 3.97 4.07 441 4.15 0.80
1998/99 69.6 346  3.79 3.79 4.89 4.16
2005/06 64.5 310 335 3.35 3.90 3.53
2009/10 78.1 296 4.10 4.24 3.90 4.08
Wet Average 317 375 3.79 4.23 3.92 0.75
Decrease grain yield 031 -024 -0.28 0.31 0.23
% 925 6.01 6.88 7.02 5.54

All crop rotations produced higher yields, which averagely for three investigated
amounts to 0.19 t ha*, and we can say that it is not a big difference. This fact demonstrates
that when maize is lacking moisture with much higher temperatures and the above-mentioned
heat waves accompanied by the tropical nighttime temperatures, nothing can replaceit.

In years with moderate humidity and better distributed rainfall we have significantly
increased yield in crop rotation compared to continuous cropping and the highest one in over
wet years as for total rainfall (1.13t ha'; 1.51 t ha'). This shows what a stimulating effect the
moisture has on better availability of other vegetation factors, that is, on the synergistic effect
of all other applied cultivation practices for maize through well designed crop rotation
scheme. As regards winter wheat, it is known that it is not tolerant of continuous cropping,
therefore the yields in this system are always expectedly lower (Table 6). Unlike maize, at this
point crop rotation effect in dry years compared to continuous cropping was higher 1:00 t ha™.
While the moisture content increased, the influence of crop rotation decreased, and in
moderately humid that difference was 0.80 t ha*, and in the extremely wet ones it amounted
to0.75t ha™.

This advantage of crop rotation compared to continuous cropping is quite expected.
However, if crop rotations are compared with each other in different wetting conditions, then
it is noticed that in excessively wet years lower yield was produced than in the dry years in
crop rotations with smaller number of crops in rotation, in two-field crop rotation by 0.24 t ha
! (winter wheat-maize) and three-field crop rotation (winter wheat-maize-soya bean) 0.28 t hal
! compared to six-field crop rotation.

Conclusion

Based on a detailed analysis of climatic factors in the multi-year period for the
Belgrade region, which may be representative of the wider area of central Serbia, it can be
emphasi sed that some changes in terms of temperature and precipitation occurred. The causes
of drought mainly come from the atmosphere and affect our country and show clearly that the
climate is changing in our area. Based on these facts, we must have the right answers in order
to mitigate if not to completely eliminate these effects. Agronomic aspect of looking into the
problem requires a good knowledge of our crop needs for primary vegetative factors as well
as temperature and moisture.

Annua air temperatures in the investigated period increased not only at the annua
level, but aso in the vegetative period of winter wheat and particularly maize. The
temperature increase is particularly dangerous in the vegetative period of maize during the
three months of June, July and August by almost 2 °C. Precipitations at amonthly level of the
vegetative period or atotal per year do not provide such a picture. Besides the lack in July,
normally the warmest month, by and large, precipitations are somewhat higher than the
reference 30-year period 1971-2000. This fact tells us that precipitations are more frequent in
other parts of the year, which is more favourable for winter wheat, at least when regarding
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warmer years (especialy in the wet years as it is known in the case of extremely wet 2010
when it was vice versa).

A man can hardly influence the quantity and distribution of rainfal, therefore his
actions to combat drought are mainly of indirect character. This comprises a good knowledge
of the problems and prediction. For this, we need alot of knowledge of agronomy, genetics,
ecology, physiology, and relevant technica and economic possibilities. If we start from the
assumption that the main goal is to provide sufficient and safe quantities of food for our
population, then we need to focus on what we have in our hands and begin with it.

In the fight against drought, regular and specific cultivation practices are used along
with an adequate assortment of plants with more tolerance to drought. Out of regular
practices, soil tillage, particularly conservation tillage, proper fertilization, elimination of all
possible mistakes in sowing should be taken into account as for optimal time and plant
density. Care treatments are a useful tool which can eliminate the adverse effects and create
favourable conditions for the growth and development of cultivated crops, ranging from the
usual ones to some special ones that retain moisture and prevent moisture | oss by encouraging
its more efficient and economical use.

Appropriately established crop rotations with greater diversification of crops provide
better tolerance of extreme moisture, which is particularly the case of wheat. Our research
shows inferiority of continuous cropping of both crops compared with crop rotations.
However, when comparing crop rotations with each other then it can be noticed that the
proper setting, even under extreme conditions, provides better results. As for maize it is
evident that all increases of moisture are suitable for it asit is related to the warmer part of the
year, either as direct rainfall during the summer or indirectly if the reserve is provided from a
period when there are more precipitations during the autumn, winter and spring. Moisture
improves the efficiency of all other cultivation practices. In the case of its extended absence
followed by high temperatures it is quite the opposite.
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Table 1. Mean monthly temperature (°C) in Belgrade, period 1991-2012

Year Months Mean

Jan. Feb. March April May June  July Aug. Sept. Octob. Nov. Dec. X-VI  IV-IX Year
1991 -04 4.5 9.2 13.8 16.0 17.8 21.7 16.0 11.7 114 7.7 -1.1 16.1 10.7
1992 1.7 4.2 5.2 13.0 17.9 20.6 22.8 26.8 15.5 13.1 5.2 1.2 9.0 194 12.3
1993 15 -0.6 5.0 12.6 20.0 21.7 22.5 234 18.1 14.5 3.0 4.7 8.9 19.7 12.2
1994 43 3.5 104 12.8 18.5 21.0 24.3 24.1 21.7 11.2 7.5 34 10.3 20.4 13.6
1995 0.6 7.9 7.1 12.6 16.8 20.5 24.8 21.6 16.6 134 4.2 2.2 9.7 18.8 124
1996 -0.2 -0.6 2.6 12.6 14.3 21.9 22.0 22.1 14.0 12.6 10 1.7 7.8 17.8 11.1
1997 05 5.1 5.2 8.2 16.8 21.8 21.3 21.5 17.6 104 8.3 4.6 9.1 17.9 11.8
1998 3.7 6.2 4.8 13.6 16.0 21.7 22.0 21.8 15.9 12.8 4.4 -2.4 9.9 18.5 11.7
1999 14 1.9 8.2 13.2 17.3 20.0 21.1 21.1 184 12.2 4.8 2.2 8.5 18.5 11.8
2000 -1.0 5.2 8.1 16.2 19.6 23.0 23.5 25.7 17.9 14.6 119 5.3 10.0 21.0 14.2
2001 4.2 54 11.8 12.0 18.3 19.0 23.0 24.0 16.1 14.8 4.7 -1.9 114 18.7 12.6
2002 14 9.1 10.7 12.7 20.2 22.4 24.6 22.8 17.9 14.0 11.5 1.6 10.5 20.1 14.1
2003 0.8 -2.0 7.4 12.2 21.6 25.0 234 25.8 18.4 11.5 9.9 35 10.2 21.1 13.1
2004 -01 3.7 8.1 13.5 16.2 20.7 23.0 22.3 17.7 15.9 8.5 4.0 9.7 18.9 12.8
2005 21 -1.0 6.0 131 17.7 20.2 22.9 214 18.9 13.8 7.1 3.6 9.6 19.0 12.2
2006 -0.2 2.2 7.1 14.0 17.6 20.3 24.7 21.5 19.7 16.1 9.6 4.7 9.5 19.6 13.1
2007 7.9 7.8 10.8 14.7 19.8 24.4 26.9 25.2 15.8 12.1 5.6 15 12.9 21.1 14.4
2008 34 6.6 9.8 14.2 19.3 23.0 23.6 24.2 17.5 15.9 9.9 4.9 10.6 20.3 14.4
2009 0.1 34 8.6 16.2 19.8 21.1 24.0 24.5 21.0 14.0 104 4.9 111 21.1 14.0
2010 1.0 39 8.7 139 18.3 214 24.4 24.3 18.4 10.5 12.2 2.5 10.7 20.1 13.3
2011 20 1.4 8.2 14.6 17.3 22.4 24.1 24.7 23.2 12.9 5.0 5.8 10.1 21.1 13.5
2012 27 -2.5 10.1 144 17.9 24.6 27.1 26.2 22.0 10.1 16.1

*** Republic Hydrometeorological Service of Serbia
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Table 2. Precipitation (mm) in Belgrade, period 1991-2012

Year Months Total

Jan. Feb. Mar. April  May June  Jduly Aug. Sept. Octob. Nov. Dec. X-VI IV-IX I-XII
1991  20.2 112 837 513 94.7 86.3 43.9 32.8 25.8 84.2 62.7 31.7 334.8 628.5
1992 7.6 335 69 58.8 19.4 180.0 435 24.3 25.2 90.5 61.7 34.8 5285 351.2 586.2
1993 219 318 771 287 12.8 50.4 56.9 24.5 51.5 18.8 77.8 88.9 484.8 2248 541.1
1994 404 230 277 646 41.4 2122 46.1 90.5 29.5 37.9 35.9 34.4 409.7 4843 683.6
1995 822 459 439 610 83.6 64.7 33.7 69.2 92.6 0.3 57.0 67.1 594.8 404.8 701.2
1996 426 622 412 523 108.0 57.1 35.5 66.6 107.7 37.1 77.7 100.8 4895 427.2 788.8
1997 330 504 102 870 51.0 31.0 131.0 1130 31.0 106.0 30.0 81.0 487.8 4440 754.6
1998 704 40 284 310 68.9 42.7 34.4 82.2 89.7 91.6 55.3 28.5 4782 3489 627.1
1999 60.8 68.9 156 68.9 68.8 1355 2759 7.0 55.4 54.9 69.4 149.3 4624 6115 1030.4
2000 273 283 303 419 34.5 19.1 29.3 7.8 70.7 16.6 20.7 41.2 5939 2033 367.7
2001 353 272 656 1579 470 186.0 19.7 56.7 183.7 16.7 63.4 33.9 455.0 651.0 893.1
2002 14.0 14.0 150 55.0 21.0 80.0 62.0 107.0 50.0 80.0 34.0 53.0 5975 375.0 585.0
2003 510 26.0 110 220 40.0 33.0 116.0 5.0 57.0 1240 29.0 42.0 313.0 273.0 556.0
2004 991 282 184  69.0 62.8 107.1  93.7 88.1 45.8 30.6 1288 513 350.0 4665 8229
20056 530 870 320 530 48.0 94.0 90.0 1450 56.0 27.0 23.0 83.0 579.6 486.0 791.0
2006 43.0 580 105.0 97.0 40.0 137.0 220 123.0 26.0 21.0 25.0 48.0 5777 4450 745.0
2007 36.0 53.0 100.0 4.0 79.0 108.0 180 72.0 35.0 1040 131.0 34.0 613.0 316.0 774.0
2008  42.0 100 79.0 350 61.0 45.0 64.0 46.0 68.0 18.0 52.0 77.0 4740 319.0 597.0
2009 540 840 630 6.0 34.0 1530 79.0 45.0 4.0 101.0 620 1220 5410 321.0 807.0
2010 89.0 111.0 460 410 85.0 180.0 410 54.0 51.0 49.0 45.0 61.0 541.0 452.0 853.0
2011 400 530 260 110 63.0 40.0 107.0 9.0 49.0 35.0 6.0 49.0 837.0 279.0 4880
2012 80 620 30 67.0 1280 14.0 39.0 4.0 31.0 388.0 3348

*** Source: Republic Hydrometeorol ogical Service of Serbia
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Abstract

Advanced vegetable production under protected conditions have accomplished by
multifunctional integration of several methods and techniques in order to get produce for fresh
consumption with an added biological value. This paper deals with recent achievementsin the
field of integrated, biological and organic vegetable production and possibilities for biological
control of common pests and diseases in different crop models. The usage of modern
greenhouse covering films and mulch films has afforded several benefits in more precise
control of microclimate fluctuations. Photo-selective plastic films could change the character
and spectral composition of solar radiation, which leads to |ess pests and disease infection and
better crop performances, such us earliness, fruit size and uniformity and cumulative and total
yield.

Induced systemic resistance is one of the modes of action that allows soil born
diseases suppression with regular application of organic composted amendments as well
application of beneficial microorganisms. Trichoderma harzianum, Bacillus subtilis, Bacillus
amyloliquefaciens etc. Besides its mycoparasitism, permanent exudations of enzymes and
bioactive ingredients after roots colonization have influenced the decrease of inoculums
presence and disease susceptibility of the resistant varieties of peppers. Practical results of
application of lactate peroxidase, phosphytes, other simple salts and biopreparation, and
bioactive ingredients have showed great possibilities for wide implementation of 1PM,
especially with advanced application techniques. By pheromone traps and usage of predators
Amblyseius swirskii, Orius laevigatus, Aphidius colemani, as well application of oxymatrine
extracted from Sophora lutescens we could manage good balance in biological protection
under especialy adopted and designed greenhouse conditions.

K eywor ds: peppers, crop models, greenhouse microclimate, beneficial, predators,

Introduction - Consumer s perceptions and preferences to vegetable’s origin, quality and
cultural practice

Understanding how the environment and production and cultivation practices
influencing the composition and quality of food crops being fundamental to the production of
high-quality nutritious foods. Consumers demand healthy, bio, or organic products because
they believe they are more flavorful and respectful to the environment and human health.
High quality and health safety, high nutritive and biological value, high aesthetic values: color
intensity, shininess, uniformity in shape and size, preferable aroma and taste, and finally high
marketability; storability, transportability, the shelf life, these are the most important issues of
vegetables marketing. Many research have been dedicated last decade to investigate the
effects of conventional, integrated, and organic farming growing practice on quality of
vegetables.
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Vegetable nutritional quality is related to concentrations of antioxidants and other
minerals. The results of Aghili et al., (2012) indicated that bell pepper is an excellent source
of ascorbic acid and potassium for humans. Improved nutritional management in greenhouses
could enhance micronutrient concentrations in this vegetable.Field-grown vegetables had
lower contents of Cu, Mn, Fe, Zn, and ascorbic acid compared to greenhouse-grown
vegetables,In genera, the nutritional quality (contents of micronutrients and ascorbic acid) of
greenhouse-grown vegetables was better than that of field-grown vegetables, athough fruit
micronutrient concentrations of field- and greenhouse-grown vegetables were lower than
expected levels.

Reporting the effects of conventional, integrated, and organic farming, grown in a
controlled greenhouse, on color, minerals, and carotenoids of sweet pepper fruits, Perez-
Lopez et a., (2007) have proved that organic farming provided peppers with the highest
intensities of red and yellow colors, contents of mineras, and total carotenoids. Integrated
fruits presented intermediate values of the quality parameters under study, and conventional
fruits were those with the lowest values of minerals, carotenoids, and color intensity. As an
example, the concentrations of total carotenoids were 3231, 2493, and 1829 mg kg ~* for
organic, integrated, and conventional sweet peppers, respectively. Finally, organic red peppers
could be considered as those having the highest antioxidant activity.

In 3-year study Chassy et a., (2006), were measured total phenolics, percent soluble
solids, ascorbic acid, and the flavonoid aglycones quercetin, kaempferol, and luteolin in two
varieties of tomatoes and two varieties of bell peppers grown by certified organic and
conventional practices. Significantly higher levels of soluble solids (17%), quercetin (30%),
kaempferol (17%), and ascorbic acid (26%) were found in Burbank tomatoes. Bell peppers
were influenced less by environment and did not display cropping system differences.
Cultivars and growing conditions seems to play an important role in affecting the metabolism
of antioxidant components and antioxidant capacity. Deepa et a. (2006) have reported results
of ten cultivars of red sweet peppers grown over two consecutive years with regard to ascorbic
acid, total reducing content, -carotene, total antioxidant activity and free radical scavenging
activity.All cultivars fulfilled common requirement for vitamin C, but only some of them
excelled in terms of 3-carotene.

It is obvious that greenhouse production of vegetables should go to a certain level of
ecologization, trying to imitate natural ecosystems in their balance and sustainability, where
biological plant protection have a crucia importance for successful implementation of modern
growing practices.

M odeling greenhouse performance for passive ener gy efficiency and optimal
micr oclimate control

The development of energy conservative greenhouse systems is the overall result of
improvement of greenhouse construction, cladding materials and insulating techniques,
innovative climate control equipment and implementation of physical and physiological
knowledge in the operational climate control systems (Bakker et al., 1995; Bakker, 2006). The
development of these systems represents an optimization problem and the use of both physical
as well as physiologica information and models have shown to be a most powerful tool in
dealing with these issues. A control philosophy is described for maximizing the financia
margin between the value of a greenhouse crop and the cost of controlling the greenhouse
climate. This uses physical models, which describe how the conditions inside the greenhouse
are influenced by external conditions, to determine the inputs necessary to create the interna
climate. Biological models are used to predict the influence of the climate on crop production.
Economic models provide input costs and crop market value. These models are used in an
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optimization algorithm to determine the values of specific climate variables which maximize
the financial margin. The algorithm will operate in rea time in the greenhouse climate
controller to reduce the cost of greenhouse heating by optimizing the closing and opening
thermal screens, and by controlling heating on the basis of integrated air temperature.

Sweet pepper production is characterized by large fluctuations in fruit yield per week.
Buwalda et al., (2006) had described a dynamic, calibrated model which was able to smulate
the measured data fairly well, in particular the yield fluctuations, in order to improve chain’s
supply efficiency that requires farmers to supply production forecasts several weeks in
advance. Yield prediction was helpful for efficient labor planning, while the results obtained
in research of Van Henten et al., (2006) indicate that fluctuations in sweet pepper production
can be reduced using optimized temperature strategies, either by controlling production in one
part/block or by controlling production in opposite phase in two different parts.

For the continental climate of Serbia (Momirovic et a., 2010) passive methods
(double inflation plastic, IC screens and covers, transparent water tubes, mulching, shading)
for optimization energy efficiency of advanced tunnel’s production have enormous influence
on its sustainability

Baille et a., (2006) have analyzed the night energy balance of an air-heated
greenhouse in mild-winter climatic conditions of Almeria, south-eastern Spain. In their
conclusion the measures to improve the energy efficiency would be: (i) to improve the air
tightness of the greenhouse, (ii) to reduce radiation losses by means of thermal screens or IR-
opague plastic covering materials, and (iii) to increase the soil efficiency in storing solar
energy and releasing it during the night.

Precise, highly efficient irrigation could also have enormous impact on energy
efficiency of peppers production grown as protected crops, both because of cost and yield
influence, as well heat transfer to the soil layers. Greenhouse grown white blocky and white
conical peppers were used to develop recently introduced Time-Space deficit irrigation
(TSDI), irrigation technique based on regulated deficit irrigation (RDI) and partia root zone
drying (PRD) trough 3 drip laterals per each two-row beds covered by plastic mulch film.

By measuring plant growth, yield and irrigation water use efficiency Shao Guang-
Cheng et al., (2010) was concluded that it is difficult generally to apply TSDI for increasing
vegetative biomass but with it is possible to prevent crop yield reduction or to improve crop
quality. The ultimate profitability of a given watering regime for plant growth in the
greenhouse requires fine-tuning of the pattern and level of water supply to the plant response
during different stages.

Management of solar radiation toward better environmental conditions and less
pressure of pestsand diseases

Because of the inability to cure plant virus diseases and the need to protect the
environment from toxic pesticides, aternative indirect strategies of disease control are
required. In recent decades, virologists have developed non-pesticide, cultura control
practices aimed at reducing the damage caused by these virus diseases by interrupting their
epidemiological cycle. Accumulated data on the insects search for the host plants and
environment associated with visual communication by insect vectors have facilitated the
development of cultural practices that interfere with their search, landing and orientation to
the crop (Antignus et a., 1996a).

Modern PE films has afforded several benefits in greenhouse climate control,
significant savings of resources, machines and labor cost, as well as efficient control of plant
diseases and pests (Momirovic et a., 2011). Photo-selective films could have significant
application in Integra Pest Management Systems for vegetables, fruits, flowers and herbs.
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Many authors have reported benefits of these materials decreasing incidence of pests and
diseases (Antignus et al., 1996b, Antignus, 2000, Elad et al., 1997).

Antivirus (UV Dblocking) films have decreased application of pesticides for the
suppression of aphids, white fly, thripses, leaf miners and other pests and affording efficient
pollination and biological protection. Effects of particular films application and methods of its
combination in order to achieve better energy efficiency of the protected cultivation of
horticultural crops (Momirovic et al., 2010) In addition to conventional polymers used in
agriculture for greenhouses and mulches such as PE, PVC, EVA, photo-selective and
luminescent polymers have been used, in order to improve the quality of crops. For the same
reason plastic nets are used mainly in countries with tropical and Mediterranean climates. For
an environmentally friendly agricultural activity, an alternative strategy can be represented by
bio-based agricultura raw materials. For low environmental impact applications,
biodegradable materials for agricultural films are nowadays produced (Scarascia-Mugnozza,
ey al., 2011).

The individua and joint effects of covering the soil with polyethylene mulch before
planting and fungicides commonly being used by organic growers on tomato late blight
(caused by Phytophthora infestans), while in peppers Botrytis cinerea is the main problematic
disease.According to Shtienberg et al., (2010) application of fungicides resulted in
inconsistent and insufficient late blight suppression (control efficacy +/- standard error of 34.5
+/- 14.3%) but the polyethylene mulch resulted in consistent, effective, and highly significant
suppression (control efficacy of 83.6 +/- 5.5%) of the disease. It was found also that the type
of polyethylene mulch used (Al-Or, clear, or black) did not affect the efficacy of late blight
suppression. The disease-suppressing effect of mulch appeared to come from a reduction in
leaf wetness duration, because mulching led to reductions in both the frequency of nights
when dew formed and the number of dew hours per night when it formed. Mulching aso
reduced relative humidity in the canopy, which may have reduced sporulation.

Reflected diffused light could have great impact on yield and performance of severa
vegetable crops, due to a spectral interception (Kasperbauer and Hunt, 1998;. Kasperbauer et
al., 2007), aswell different soil temperature regime (Momirovic and Savic, 2007).

Soil micraobial activity and Induced Systemic Resistance-(I SR)

Enriching soils permanently with composted organic manure characterized by high
concentrated microbial activity, except fertility and aggregate stability could participate also
with lower soil born disease potential. History of organic amendment use to suppress plant
diseases is abundant (Hoitink and Boehm, 1999).In most cases, there is no single mechanism
controlling plant diseases in any given plant growing system; rather severa mechanisms
operate concurrently to suppress plant diseases. A recent literature review on biologicaly and
organic matter mediated disease suppression highlights several predominant mechanisms
(Stone et al., 2004): competition for energy and nutrient sources and for organic matter
substrate colonization. antagonism, competition for root colonization and induced systemic
resistance (ISR) or systemic acquired resistance (SAR).

Warman (2005) by his study have demonstrated that the long-term use of compost can
produce similar yields and elementa anaysis for most crops in compost- amended and
conventionally-fertilized soils. On the other hand, combined application of boat composted
manure and beneficial microbial: Bacillus subtilis, Bacilus amyloliquefaciens, Trichoderma
harzianum etc. especialy after few years of permanent application could lead to a certain
decrease or total avoidance of chemical pesticides.

The best explanation of several modes of action on roots infected by bacterial have
been revived by Compant et a., (2005). Trichodermaspp. are free-living fungi that are
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common in soil and root ecosystems. Recent discoveries show that they are opportunistic,
avirulent plant symbionts, as well as being parasites of other fungi. Root colonization by
Trichoderma spp. also frequently enhances root growth and development, crop productivity,
resistance to abiotic stresses and the uptake and use of nutrients (Harman et al., 2004). Ahmed
et al., (2000) were studied the effect of pepper seed and root treatments with Trichoderma
harzianum spores on necrosis caused in stems by Phytophthora capsici inoculation and on the
course of capsidiol accumulation in the inoculated sites. The results indicate that seed
treatments significantly reduced stem necrosis, which fell by nearly a half compared with the
values observed in plants grown from non-treated seeds. Necrosis was also reduced in plants
whose roots were drenched with various doses of T. harzianum spores, although the extent of
necrosis was not correlated with the dose used.

Elicitation of induced systemic resistance (ISR) by plant-associated bacteria was
initially demonstrated using Pseudomonas spp. and other gram-negative bacteria (Kloepper et
al., 2004).

Published results are summarized showing that specific strains of the species B.
amyloliquefaciens, B. subtilis, B. pasteurii, B. cereus, B. pumilus, B. mycoides, and B.
sphaericus elicit significant reductions in the incidence or severity of various diseases on a
diversity of hosts. Protection resulting from ISR elicited by Bacillus spp. has been reported
against leaf-spotting fungal and bacterial pathogens, systemic viruses, a crown-rotting fungal
pathogen, root-knot nematodes, and a stem-blight fungal pathogen as well as damping-off,
blue mold, and late blight diseases. ISR €licited by several strains of Bacillus spp. is
independent of salicylic acid but dependent on jasmonic acid, ethylene, and the regulatory
gene. Ramirez and Kloepper, (2010) have studied the effect of soil P-related properties and
inoculum concentration on plant growth promotion by the phytase-producing strain Bacillus
amyloliquefaciens FZB45. Significant interaction between P regime and bacterial inoculation
was found. FZB45.

Trichoderma harzianum could be used (Elad et al., 1993) for spaying vegetable crops
with concentrations 1g I plus surfactant, to achieve up to 90% of control fruit and stem grey
mould. Populations of T. harzianum were on alevel of 3 x 10°-8 x 10° c.f.u. per leaf and ten
times lower on one fruit. They remained high after the second and third sprays. Conditions
favoring the ability of T. harzianum to control grey mould were temperatures above 20°C and
relative humidity between 80 and 97%. Another treatments with amino-acids, see-weeds
extracts, phosphytes, as well lactate-peroxydase, potassium iodide, potassium-thiocyanate, or
Aureobasidum pullulans yeast strains, could afford very successful protection against
diseases.

Predator’s activity and their role to achieve certain threshold level of biological
protection

Among several pests attacking greenhouse crop of peppers, by far, thripses could
affect severdly, both the yield and quality of fruits, as well could transmit several viral
diseases. Knowledge of thrips population dynamics in relation to temperature can be used to
its successful control. In order to have monitoring, both blue and yellow sticky plates and
films being used frequently with pheromone attractant asit is Lurem.

The use of Amblyseius swirski (Neoseiulus swirski) and Orius laevigatus has proved to
be successful in the control of thrips and tomato spotted wilt virus (TSWV) incidence. In the
Southeast of Spain, about 10000 ha of sweet pepper are grown in plastic houses, in the
provinces of Almeria, Murcia and Alicante as have reported Sanchez et al. (2000). Out of
1300 ha in Israel amost 1000 ha is under IPM control with biological protection against
thripses. After introduction of Amblyseiuss cucumeris which was successful in reducing the
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increase of thrips populations in the first few months with lower temperature, we are now in
position to use Amblyseiuss swirski which is much more sustainable in hot and dry climate
conditions. Most of the other pests are controlled by natural enemies too.

Frankliniella occidentalis (Pergande) and Thrips tabaci Lindeman (Thysanoptera:
Thripidae) are major pests of sweet pepper for direct damage and tospovirus transmission. To
control their infestations, Orius laevigatus (Fieber) (Heteroptera: Anthocoridae) is produced
by many commercial insectaries and widely used on IPM vegetable crops of Europe. This
predator is naturally widespread along the Mediterranean and Atlantic coasts, and not in more
continental areas, where other Orius spp. are more common. Bosco et a., (2008) were
conducted research in a continental area of Northwest Italy to access the natural presence of
anthocorids on pepper, and to compare their colonization and predatory ability with those of
the species artificially introduced. O. laevigatus was rarely found and only in the greenhouses
in which it had been released. However, its introduction resulted in thrips control before
natural colonization by the native species occurred.

Population dynamics of Frankliniella occidentalis, Thrips tabaci, andOrius spp. were
studied by Tavelaet a., 2008 in sweet pepper crops, northwestern Italy, and best control was
achieved by Orius laevigatus, which was abundant in greenhouses that practiced integrated
pest management (IPM). O. laevigatuscould overwintered in Mediteranian area on flowering
plants (e.g.,Eriobotrya japonica, Rosmarinus officinalis, andVicia faba), and in the spring, the
adults spread to wild and cultivated plants both outside and inside greenhouses.O.
laevigatusadults appeared naturally inside sweet pepper greenhouses in June and effectively
controlled thrips, but it suppose to be late. The minimum night temperature alowing Orius
introduction is 16-17°C, Thrips populations decreased rapidly and disappeared after 20-30
days. Predator populations increased and reached their maximum in August.O.
laevigatusremained in the sweet peppers even at very low levels of thrips and fed on pollen.
When high thrips infestations occurred,O. laevigatuswas introduced as a control agent (1-2
adult/m®). Good results were obtained at 25°C when the sweet pepper plants were in flower
and covered with foliage.

As a cultura control strategy for reducing the spread of non-persistently transmitted
aphid-borne viruses, barrier crops have been used since the early 1950’s in Spain (Fererras ,
2000), and since then, this strategy has been investigated by severa authors, resulting in a
wide range of divergent conclusions on its effectiveness. The barriers acted as natural ‘sinks’
for non-persistent viruses and did not reduce the number of aphids landing in the protected
crop, as suggested by some authors. It is concluded that use of barrier crops can be an
effective crop management strategy to protect against virus infection, but only under specific
circumstances. Barley crop barrier oftenly being used in sweet pepper crops (Pineda and
Marcos-Garcia, 2008).

Aphidius colemani Viereck, Aphidius matricariaeHaliday (Hymenoptera: Aphidiidae)
are the main parasitic wasps used for biological control of aphids (Dik et a., 2002). Since
some aphid species has a very high rate of development and it is able to increase up to 12
times per week, we need to develop population of parasitic wasps very fast by increasing air
temperature up to 25°C for A. colemani and up to a 30 °C, for A. matricariae. Several
experiments have shown that the aphid parasitoid A. matricariae performs better and faster as
compared to A. colemani on Myzus species. The tobacco aphid Myzus nicotianae, a major
problem in sweet peppers, is easily controlled.. The ratio of female wasp:aphid at the start
should be approximatelly 1:20.

Against moths and caterpillars, especialy Ostrinia nubilalis, very promising results
we had achieved with oxymatrine, the natural extracts from Sophora lutescens, but we aso
could use Bacillus thuringiensis var. kurstaki. There is also very good effect against mites, so
we are not forced to use chemicals asit is Nissorun and Torque.
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Possibilities and constraints among crop modelsintensity toward integrated pest
management and full ecologization of greenhouse peppers production

Long term studies and practica achievements with particular pilot projects among
main growing regions in Serbia have resulted by significant export increase and price high
enough to cover certain improvements in greenhouse practice. Opposite to a standard crop
model with soil production of peppers in walking plastic tunnels, advanced systems were
good enough to accept integrated pest management or full biological protection,
predominantly because of optimized microclimate control.

Table 1. Long-term performance of different crop models of greenhouse peppersin Serbia

: Total . | class Average
Production / Crop model yidd Healthy Quality shares  bottom pgrice
(kg/m?) status  range (%) (EUR/Kg)
A) Soil production / Simpletunnels 7 +/- * 50 0,30
B) Soil production / Advanced tunnels/
Spanish system 14 + *x 65 0,45
C) Soail production / Doubleinflated plastic /
Trellising / Additional heating 20 ++ Frk* 75 0,65
D) Hydroponic on coco-peat / Modern
greenhouses/ Full heating 25 +++ il 85 0,85

Testing different crop models on the way to its full sustainability

Following average yield, quality and price dynamics data, then after with appropriate
cost calculations and trough few economics issues, we could confirm high profitability, as
well low risk of advanced crop models, comparing to a standard crop model of pepper
production. It is clear that based on domestic market, crop model B had the lowest risk
regarding price and yield break even points, while for export purpose both soil and coco-peat
grown peppers with heating are the crop models generating higher profit. Comparing results
with sensitivity analysis by Jovicich et al. (2005) for colored blocky peppers hydroponically
grown in pots, we could see similar results. Variation of the yield data had shown range
between 7 and 15 kg m™. Based on the yield of 13 kg m'™, breakeven point was 7,8 kg, even
expected price were bit higher.

Table 2. Break even points for yield and price of peppers among examined crop models

Yield of Price Annual Peppers Yield Price
Crop models peppers income turnover breakeven point breakeven point
tha' EURt" EURha’ EUR ha™” tha' EURt™
Model A 70 350,0 37.000,0 24.500,00 69,09 345
Model B 140 650,0 123.000,0 91.000,0 84,54 393
Model C 200 800,0 160.000,0 160.000,0 152,31 609
Model D 250 1.000,0  250.000,0 250.000,0 171,46 686
Conclusions

This article reweaving the modern trends in precise conventional, integrated, and
organic greenhouse production of peppers toward full ecologization of cultural practices and
growing techniques. The practical achievements in thisfield have shown great possibilities of
vegetables growers in Serbia and in the region to achieve certain level of quality and to
respond on high expectations in fresh consumption of vegetables regarding human health
implications and benefits. Sustainable crop models of greenhouse production of peppers that
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could accept integrated pest management methods are based on advanced growing techniques
with higher energy efficiency, enabling growers to have longer production cycle and higher
yields, as well precise microclimate control to avoid infection and to keep well balanced
biological protection against common pests and diseases.
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Abstract

Conventiona breeding technologies are including selection, mutagenic breeding and
somaclonal variation. Molecular breeding includeMAS,”omics technology and genetic
modification genetically modified organisms (GMO) with specific changes in genome by
genetic engineering. The main goal of breeding is to increase stable yield, which depends on
the genetic potentional and tolerance/resistance to biotic and abiotic stresses, but recently it is
intensive working to improve the properties and quality of grain.Genetically modified
RoundupReady soybean has 2.3% yields increase but 2 — 5 times higher amount of herbicide
applied. By conventional breeding maize average is increased from 2t/ha 1947 to more than
6t/ha during 2010. At Maize Research Institute “Zemun Polje” among 665 created and
officialy recognized hybrids by state officials, 83 has improved quality.Similar results were
obtained in other institution as well as in other plant species (wheat, soybean, sunflower,
tomato etc). By genetic engineering it is possible to introduce genes not only from plant
species but from evolutionary different organisms (bacteria, viruses, fungi, antisense genes)
and create GMO. Food produced from soybean and maize, has been on the market 1996.GM
crops are grown in the world at over 160mil/ha,mainly soybeans, maize cotton and canola, In
addition to tolerance to herbicides, drought and deseases has been much work on improving
the quality of grain (rice with increased content of beta carotene, oil crops with modified fatty
acid content,, altered protein, starch). Inaddition to food obtained directly from genetically
modified plants containing GM ingradients or GM derived ingradients the standard process of
food production, can be improved by adding different genetically modified microorganisms as
sources of enzymes. A lot of controversy is connected with GMO - food, including biological
safety, ecological effect and particularly economic aspect due to low for GMO plants
patenting in order to protect intellectual property.

Key words: plant breeding, molecular, conventional, GMO, food
Introduction

Food is essential for the surviva of human beings. Long - term improvements in well
being can only be accomplished by providing people with access to food, skills, education and
opportunities. Health involves ensuring adequate nutrition and safeguards against unsafe food.
Technicd progress in Agriculture and food production traditionaly occurred through a process of
sdection in the fiddd and adgptation of traditiona landraces of crops. This was supplemented by
purposive breeding of new varieties of crops, mainly through crossing varieties with desrable
characterigtics. Conventiond breeding is cumulative science and seeds accumulate innovations,
but can be very time consuming and is often not very accurate. Genetic engineering can create
plants with the exact desired trait as plant geneticists can isolate a gene responsible for
drought tolerance, pest resistance, herbicide tolerance, disease resistance, cold tolerance,
salinity tolerance, nutrition, pharmaceuticals, phitoremediationetc. and insert that gene into a
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different plant. Genetic modification offers both faster crop adaptation and a biological, rather
than chemical, approach to yield increases. GM foods or GMO is most commonly used term
to refer to crop plants created for production of safe food for human or animal consumption
using this technology.

In recent years the development of food and agriculture sector is being conceptuali zed
globally. For example, food — borne disease originating in one farm field my generate health
problem in several continents. In every large city on earth it is possible eat at “fast food”
restaurant and drink the same bottles soft drinks. Also important and actual question is
whether GM can solve world hunger (Diouf and Sheeren, 2010).

Overview of current result in GM and GMO - food research and
commercialization

Comparison of conventional and molecular plant breeding effect on
yield

The main goa in agriculture, independent on plant species, whether conventional or
new technologies are applied, isincreasing of yield and quality improvement. Modern science
requires from breeders to develop new highly yielding variety and hybrids tolerant to various
stress factors in as shorter as possible period. These requirements resulted in needs for the
development and the application of contemporary and efficient techniques and methods in
plant breeding. With increasing knowledge and improved technology, breeders have
developed ways to enhance the speed, accuracy and scope of the breeding process.
Achievement in various fields of science have resulted in the development of new approaches
and techniques in plant breeding such as molecular marker technology, MAS, *“omica”
technologies, transgenesis and cisgenesis. Marker assisted breeding allows breeders to
determine whether desired traits are present in a new variety at an early stage in the breeding
programme. Genomics research is generating new tools, such as functional molecular markers
and informatics, as well as new knowledge about statistics and inheritance phenomena that
could increase the efficiency and precision of crop improvement. The development of new
techniques in plant breeding did not lead to the replacement of the older methods. The use of
all available technologies is essentia for plant breeding. Conventional breeding techniques,
transgenesis and new plant breeding techniques are essential components of what we could
call the plant breeders’ toolbox.

The study concluded that in the United States, other agricultural methods have made a
much greater contribution to national crop yield increases in recent years than genetic
engineering. According to results from different studies including (Drini¢ et al. 2007) the
genetic yield potential of ZP maize hybrids over last 40 years amounted to 1000 kg per ha ™
per year. More than 665 high yielding hybrids have been officially recognized by State
regulations since 1964. including hybrids for special purposes and industrial use as high - ail
maize, high - lysine maize, waxy maize, white maize, pop corn and sweet corn, inbred lines
and hybrids resistant to economically important diseases and hybrids suitable for industrial
use (Saratli¢ et al. 2007., Babi¢ et al, 2011). Hybrids for specia purposes are obtained by
introducing genes controlling desired trait through conventional crossing procedure. The same
or similar results in maize breeding were obtained in different countries as well as with
breeding of other plant species (wheat, soybean, tomato, sunflower, sugar beet etc).

Data published by United States Department of Agriculture showed that the yield
contribution of engineered genes is a modest fraction—about 14 percent—of the maize yield
increase since the mid 1990s. Benbrook (1999)found that genetically engineered Roundup
Ready soybeans had a yield drag of 5.3% across all varieties tested. This "yield drag" is
similar to what is observed when other traits are introduced into soybeans by conventional
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breeding (Caviness, C.E., and H.J. Walters. 1971) and may not be due to the Roundup
Readytrait or the genetically modified nature of the crop. There have been no reports of "yield
drag" with the other Roundup Ready crops maize, sorghum or canola. Researchpublished by
Qaim et al. (2003)has shown that the use of genetically modified Bt cotton in India increased
yields by 60% over the period 1998-2001, while the number of applications of insecticides
against bollworm were three times less on average. In paper published by Carpenter (2010)
has beenreported that the results of 49 peer - reviewed studies on GM crops worldwide
average, farmers in developed countries experienced increase in yield of 6% and in
underdeveloped countries of 29 %. Monsanto claimed average yield was reduced by 25% in
those fields explained the corn varieties were affected by a mistake made in the seed breeding
process but Marian Mayet, an environmental activist and director of the Africa Centre for
Biosecurity in Johannesburg, called (http://www.digitaljournal.com/article/270101, retrieved
24 October 2010.) for a government investigation and asserted that the biotechnology was at
fault, "You cannot make a 'mistake’ with three different varieties of corn”. According to
Brasher, (2010) in 2009 South African farmers planted 1,900,000 hectares (4,700,000 acres)
of GM maize (73% of the total crop).

Genetically modified crops

Among huge number of domesticated plant species and varieties in last two decades
scientists did develop genetically modified crops, source of food and feed, such as.

Soybean (resistant to glyphosate or glufosinate herbicides), high oleic, M aize resistant
to glyphosate or glufosinate herbicides;, insect resistant via producing Bt proteins, some
previously used as pesticides in organic crop production: vitamin-enriched corn derived from
South African white corn variety M37W has bright orange kernels, with 169x increase in beta
carotene, 6x the vitamin C and 2x folate (Shaista Nagvi, et a. (2009), Cotton - cottonseed ail,
pest-resistant cotton; Alfalfa, resistant to glyphosate or glufosinate herbicides, Hawaiian
papaya variety is resistant to the papaya ringspot virus ( Manshardt, 1998); Tomatoes,
variety in which the production of the enzyme polygal acturonase (PG) is suppressed, retarding
fruit softening after harvesting (U.S. Food and Drug Administration 1994), Canola/
Rapeseed, resistance to herbicides (glyphosate or glufosinate), high laurate canola (U.S. Food
and Drug Administration, 1994) http://en.wikipedia.org/wiki/Genetically modified food -
cite_note-22, Sugar cane,resistance to certain pesticides, high sucrose content; Sugar beet,
resistance to glyphosate, glufosinate herbicides; Rice, Golden Rice: genetically modified to
contain beta-carotene (a source of vitamin A), Squash, (Zucchini/ Courgette, resistance to
watermelon, cucumber and zucchini/courgette yellow mosaic viruses (Pocket K , 2010);
Sweet peppers, resistance to virus (Paroda 2008). Varius enzymes from genetically
engineered micro-organisms are in use for the food production. These include alpha-
amylase from bacteria, which converts starch to simple sugars, chymosin from bacteria or
fungi that clots milk protein for cheese making, and pectin esterase from fungi which
improves fruit juice clarity (Panesar et al. (2010).

Comparing transgenic wheat with conventionally bred wheat, Baker et al, (2006)
concluded that "...transgenic plants could be considered substantially equivaent to
untransformed parental lines." Ridley et al. (2002)reported that genetically engineered maize
was equivalent to conventional maize for proximates, fiber, amino acids, fatty acids, vitamin
E, nine mineras, phytic acid, trypsin inhibitor, and secondary metabolites. Cheng et al. (2008)
showed that genetic engineering of soybeans cause’s smaller unintended changes than are
seen with traditional breeding. Comparing genetically engineered tomato Lycopersicon
esculentum and Nicotiana benthamiana. a close relative of tobacco (U.S. Food and Drug
Administration, 1994) with their untransformed counterparts and concluded that genetic
engineering did not significantly affect the plants' proteomic profile.
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Genetically modified foods - GM foods or biotech foods

World Health Organization (WHO report, January 2003) put on the table twenty
guestions on genetically modified foods : What are genetically modified (GM) organisms and
GM foods? Why are GM foods produced? Are GM foods assessed differently from traditional
food? How are the potentia risks to human health determined? What are the main issues of
concern for human health? How is a risk assessment for the environment performed? What
are the issues of concern for the environment? Are GM foods safe? How are GM foods
regulated nationally? What kind of GM foods are on the market internationally? What
happens when GM foods are traded internationally? What happens when GM foods are traded
internationally? Have GM products on the international market passed a risk assessment?
Why has there been concern about GM foods among some politicians, public interest groups
and consumers, especialy in Europe? How has this concern affected the marketing of GM
foods in the European Union? What is the state of public debate on GM foods in other regions
of the world? Are people’s reactions related to the different attitudes to food in various
regions of the world? Are there implications for the rights of farmers to own their crops? Why
are certain groups concerned about the growing influence of the chemica industry on
agriculture? What further developments can be expected in the area of GMOs? What is WHO
doing to improve the evauation of GM foods? Conventiona techniques by which humans
modify food organisms include selective breeding, plant breeding, animal breeding
and somaclonal variation. Genetically modified foods (GM foods, or biotech foods) are foods
derived from genetically modified organisms which possess specific changes introduced into
their DNA by genetic engineering techniques. Flavr Savr, a genetically modified tomato was
the first commercially grown genetically engeneered food to be granted a license for human
consumption. It was produced by Californian company Calgene and submitted to the U.S
Food and Drag Administration (FDA) in 1992.

Anima products have also been developed, although as of July 2010 none are
currently on the market (Holmes 2010).
http://en.wikipedia.org/wiki/Genetically_modified food - cite note-1. In 2006 (Fiester 2006.,
Kang JX et al. 2007) a pig was engineered to produce omega-3 fatty acidsthrough the
expression of around wormgene (Lai et a. (2006). Researchers have aso developed a
genetically modified breed of pigs that are able to absorb plant phosphorus more efficiently,
and as a consequence the phosphorus content of their manure is reduced by as much as 60%
(Guelph Transgenic Pig Research Program (2005). Although enveloped, animal products are
not currently on the market (Holmes, 2010).

Genetically modified foods - GM foods or biotech foods safety

Among the key areas of controversy related to geneticaly engineered (GE) food is
food safety. Consumers generally consider that traditional foods (that have often been eaten
for thousands of years) are safe. When new foods are developed by natural methods, some of
the existing characteristics of foods can be altered, either in a positive or a negative way
(Diouf and Sheeran 2010). GMOs' proponents (Ricroch, et a, 2011) note that transgenesis has
less impact on the expression of genomes or on protein and metabolite levels than
conventional breeding or plant (non-directed) mutagenesis (Ricroch et al. 2011)An example
of an allergenic plant created using traditional breeding is the kiwi.

Kuiper et al. (2002) suggestedthat "The concept of substantial equivalence is an
adequate tool in order to identify safety issues related to genetically modified products that
have a traditional counterpart”. They also noted difficulties in applying this standard in
practice, including the fact that traditional foods contain many chemicals that have toxic or
carcinogenic effects and that our existing diets therefore have not been proven to be
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safe.Millstone et al. (1999) argued that all GM foods should have extensive biological,
toxicological and immunological tests and that the concept of substantial equivalence based
solely on chemical analyzes of the components of a food should be abandoned ( Kedler and
Lappé 2001), comparing Roundup ready soybean to its unmodified counterpart, noted
significantly lower levels of protein than unmodified soybean”. Levels of trypsin inhibitor
were 27% higher and after toasting lectin was double that found in conventional soybean and
both are known allergens. GM soybean also has 29% less holine, a B — complex vitamin
(Milestone et a, 1999)

Up to date, no adverse health effects caused by GM products approved for sale have
been documented, although two products failed initial safety testing and were discontinued,
due to alergic reaction (WHO, 2003). Most feeding trials have observed no toxic effects and
saw that GM foods were equivalent to unmodified foods. Although there is now broad
scientific consensus that GE crops on the market are safe to eat (NRC, 2004) some scientists
(Seralini et al. 2007) and advocacy groups such as Greenpeace and World Wildlife Fund call
for additional and more rigorous testing of existing GM food and for approval of any new
introductions of GM food (Le Curieux - Belfond et al., 2009).

BT toxin (a protein having insecticidal effects on certain insects, produced by a gene
from a soil bacterium Bacillus thuringiensis) produced in genetically modified maize, has
been subject of the experiment. to evauate the correlation between maternal and fetal
exposure and to determine exposure levels of the pesticides and their metabolites. Authors
(NCBI ,2011) reported the presence of pesticides associated with GM foods in both non-
pregnant women and pregnant women and their fetuses (Poulter, 2012). The paper did not
discuss safety implications or find any heath problems. Several authors and organizations
found paper to be unconvincing (de Weck, 2011, FSANZ, 2011).

There are suggestionsthat GM food might trigger food allergies but in a study by
Lehrer and Bannon (2005) results from allergen testing of current GM foods stated that "no
biotech proteins in foods have been documented to cause alergic reactions’. GM soybean
with enriched protein content, intended for animal feed did not reach the market due to it
producing an allergic reaction. Investigation of the allergenicity were conducted by company
because it was supposed that allergen was transferred unintentionally from the Brazil nut into
genetically engineered soybeans, in a bid to improve soybean nutritional quality for animal
feed use. Testing included, radio allergosorbent testing, immune blotting, and skin-prick
testing. The tests reveded that they produced immune reactions in people with Brazil nut
alergies, since the methionine rich protein happened to be a major source of Brazil nut alergy
(Nordiee et al. 1996).Company discontinued further development of the GM soybean, due to
the difficulty in ensuring that none of these soybeans entered the human food chain (Streit et
al. 2001)

Pest-resistant field pea developed by the Australian CSIRO for use as a pasture crop
was shown to cause an allergic reaction in mice.The protein added to the pea did not cause the
reaction in humans or mice in isolation, but when it was expressed in the pea, it exhibited a
subtly different structure which may have caused the alergic reaction. The immunologist who
tested the pea noted that crops need to be evaluated case-by-case (Prescott, 2005). GM -
products that failed safety testing can either be viewed as evidence that genetic modification
can produce unexpected and dangerous changes in foods, or aternatively that the current tests
are effective at identifying any safety problems before foods come on the market, (Key et al.
2008).

According to Herman (2003) genetic modification can be used to remove allergens
from foods, which may, for example, alow the production of soy products that would pose a
smaller risk of food allergies than standard soybeans.This approach has been tried in ryegrass,
which produces pollen that is a major cause of hay fever: fertile GM grass was produced that

50



Third International Scientific Symposium "Agrosym Jahorina 2012"

lacked the main pollen allergen, demonstrating that the production of hypoallergenic grassis
also possible (Bhalla et al. 1999).

Flachowsky et al (2005) concluded that first-generation genetically modified foods
had been found to be similar in nutrition and safety to non-GM foods, but noted that second-
generation foods with "significant changes in constituents' would be more difficult to test,
and would require further testing. Long term effect of the use of GM food in the human diet is
not known and requests multiannual teststo have reliable determination of its safety.

Testing and regulations of GMO and GM Food

Availability of GM seed for testing is considered by some to be problematic because,
due to restrictive end — user agreements, independent researchers cannot obtain GM plants to
study. As a result of restrictive access to GMO seed, no truly independent research can be
legally conducted on many critical questions regarding the technology” (Stutz, 2010). While
recognizing that seed companies intellectual property rights need to be protected, Scientific
American called for the restrictions on research in the end-user agreements to be lifted
immediately and for the EPA to require, as a condition of approval, that independent
researchers have unrestricted access to GM products for testing (The Editors, 2009). GM Free
Cymru group argues that governments should use independent studies rather than industry
studies to assess crop safety and stated that independently funded researcher, Professor Bela
Darvas of Debrecen University was refused Mon 863 Bt corn to use in his studies after
previously publishing that a different variety of Monsanto corn was letha to two Hungarian
protected insect species and an insect classified as arare (Hungary Bans, 2005).

In the regulation of GMOs the most marked differences occurring between the USA
and Europe depending on the intended use of the products of the genetic engineering.
Determination the safety of a particular GM food in USA regulates severa laws (Guide to US
Regulation, 2012). Crop not intended for food use is generally not reviewed by authorities
responsible for food safety. The main conclusion from the efforts of more than 130 research
projects, covering a period of more than 25 years of research, and involving more than 500
independent research groups, is that biotechnology, and in particular GMOs, are not per se
more risky than e.g. conventional plant breeding technologies." (Acreage NASS, 2010)

When Monsanto was interested for approval in Europe to introduce a rootworm
resistant (MONB863) maize, Seradini, as member of the committee that reviewed MONB863 for
the French government, continues to be a critic of toxicity study design (Seralini et al. 2011).
Authors noted that "It must be said that very few tests on humans have been carried out up to
now”. European Food Safety Authority (EFSA) describing the data that Monsanto provided
concluded that the observed small numerical decrease in rat kidney weights were not
biologically meaningful, and the weights were well within the normal range of kidney weights
for control animals. It had no reservations about recommending the authorization of MON863
(Seralini et al, 2011). In June 2005

http://en.wikipedia.org/wiki/Genetically modified food controversies - cite note-44
German court released the original study by Monsanto (Statement of Court, 2005).

Conclusion

Results obtained by comparison contribution of conventional and molecular breeding
increase demonstrated that still conventional technologies have prestige. Higher molecular
breeding contribution has been recorded in undeveloped countries because GM genotypes
have higher yield before transformation and usually for the first time have been planted in this
part of world. Many scientific groups are investigated GMO - originated foods and amost all
agree that there is not drastic difference between food safety between foods produced from
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non - GM plant and varieties developed through conventional technology. Severa cases
when GM - plants have been found as dangerous for environment authors (particularly
Monsanto and Pioneer) stopped to sell those materials. Results on negative effect on
experimental animals and even several human cases USA- FDA did not find as convincing
one. Even there are differences between GM and GMO - food regulations in Europe and USA
many countries in Europe started to grow genetically modified plants. Highly processed
foods, such as vegetable oils or breakfast cereals, most likely contain some tiny percentage of
genetically-modified ingredients because the raw ingredients have been pooled into one
processing stream from many different sources. Also, the ubiquity of soybean consumer
derivatives as food additives in the modern American diet virtualy ensures that all U.S.
consumers have been exposed to GM food products. (http://vm.cfsan.fda.gov/%7Elrd/biocon)
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Abstract

The goa of this review is to discuss the most important issues in the dairy cattle
welfare challenges that facing the dairy industry today and tomorrow, namely dairy cattle
welfare indicators and standards and the most significant welfare problems, and to illustrate
the role of science in addressing these challenges.

It should be noted that producers have always been concerned about the condition of
dairy cattle and have tried to ensure that they are healthy and well nourished. In this tradition
of the dairy cattle care, good welfare is seen largely as the absence of illness or injury and
malnutrition. More recent concerns about dairy cattle welfare have focused on the pain and
distress that the cattle might experience as a result of widely accepted management practices,
and the possibility that the animals suffer as aresult of being kept under apparently inadequate
conditions.

The evidence suggests that, whilst improvements to the welfare of dairy cows in the
developed and developing countries have been made, we believe that more can and should be
done to ensure that adairy cow has alife worth living. The critical dairy cattle welfare issues
relate to the supply of trained, skilled dairy farmers and stockmen, the incidence, prevaence
and causes of lameness, mastitis, metabolic diseases, injuries and the infertility rate, though
this is not itself a direct measure of welfare, the lack of centralized recording schemes
yielding data at the national level, breeding policies for dairy cattle and public surveillance of
welfare.

Keywords:. dairy cattle, welfare, indicators, standards
I ntroduction

An improved understanding of motivation, cognition and the complexity of animals’
behaviour has led in the last 30 years to the rapid development of animal welfare (Broom,
1986; Hristov et al., 2006; Blokhuis, 2008; Fraser, 2008; Broom, 2011, OIE, 2011). That also
contributed to an increasing interest among scientists in the field of welfare of dairy cattle
(Albright, 1987; Rushen and de Passille, 1998; EFSA, 2009; FAWC, 2009; EFSA, 2012; von
Keyserlingk et al., 2009).

It should be noted that producers have always been concerned about the condition of
dairy cattle and have tried to ensure that they are healthy and well nourished. In this tradition
of the cattle care, good welfare is seen largely as the absence of illness or injury and
malnutrition (von Keyserlingk et al., 2009). More recent concerns about dairy cattle welfare
have focused on the pain and distress that the animals might experience as a result of widely
accepted management practices and the possibility that animals suffer (Fraser, 2008). Over the
past decade scientific research expanded on the welfare of cattle to address these issues
(Phillips, 2002; Webster, 2005; Broom and Fraser, 2007; Rushen et al., 2008; Grandin, 2010).
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The goa of this review is to discuss the most important issues in the dairy cattle
welfare challenges facing the dairy industry today and tomorrow, namely dairy cattle welfare
indicators, standards and the most significant welfare problems, and to illustrate the role of
science in addressing these challenges.

Dairy cattle welfare indicators and standards

Nowadays in the literature several definition of animal welfare and aso a range of
different type of welfare indicators are described (e.g., Dawkins, 1990; Hristov and Beslin,
1991; Broom, 1996; Bracke et al., 2001; Webster, 2005; Vucini¢, 2006; Broom and Fraser,
2007; Hristov et al., 2007b; Grandin, 2010). The definition of animal welfare is important in
assessment of this very important issue mainly from production, public, moral and ethic
reasons. Two approaches to definition of animal welfare have been dominating the scientific
animal welfare debates: the "feeling” and "coping” definition (Hristov and Beslin, 1991;
Duncan, 1996; Vucini¢, 2006; Grandin, 2010).

In the previous decade, great importance is given to the various indicators used to
assess the welfare of dairy cattle (e.g., Bartussek et al., 2000; Rousing et al., 2000; Capdeville
and Veissier, 2001; Fregonesi and Leaver, 2001, Johnsen, 2001; Keeling and Veissier, 2005;
Maksimovi¢ and Hristov, 2007; Reli¢ et al., 2008; Hristov et al., 2009; Keeling, 2009; Hristov
et al. 2010b; Hristov et al., 2011b, Ostojic-Andri¢ et al., 2011). The welfare indicators are
divided principally as direct and indirect, whether they take into account the wellbeing of
dairy cows and the environment in which they are kept (Huxley and Whay, 2006; Vucinic,
2006; Anon., 2009; EFSA, 2009; Grandin, 2010; EFSA, 2012).

In the papers by Broom (1996, 2011) was emphasized that early attempts to define
welfare referred to individuals being in harmony with nature, but the first usable definition
incorporated feelings and hedlth as part of attempts to cope with the environment. Most
reviews of the welfare now start with listing the needs of the animal, including needs to show
certain behaviours (Webster, 2005; Broom and Fraser, 2007; Grandin, 2010). This approach
has used sophisticated studies of what is important to animals and has replaced the earlier
general guidelines described as the freedoms. Many measures of the welfare are now used and
indicate how good or how poor the welfare is (Broom, 2011).

For some time public and consumer pressure for assurance that farm animals are raised
humanely has led to a range of private and public animal welfare standards, and for methods
to assess compliance with these standards (Hristov et al. 2007a; Hristov et al., 2010a; Rushen
et al., 2011). The standards need to be validated regarding the definitions of welfare that has
broad support and which is amenable to scientific investigation (Hristov et al., 2010a).
According to Rushen (2003) concepts of animal welfare have not dealt adequately with the
multidimensional nature of animal welfare. Ensuring that such standards acknowledge
scientific uncertainty is also challenging, and balanced input from all scientific disciplines
dealing with animal welfare is needed. On-farm assessment of animal welfare requires a
combination of animal-based measures to assess the actua state of welfare and resource-based
measures to identify risk factors (Rushen et al., 2011; EFSA, 2012).

Back in 1987, Albright observed that needed research includes studying learned
helplessness of cattle. Alert caretakers are encouraged to read behavior signals of cattle.
Increased standing of cattle is often taken now as a sign of discomfort or discontent in studies
of cow and calf confinement. Criteria that should be considered in assessing welfare or well-
being are behavior, heath, musculoskeletal soundness, productivity, physiological and
biochemical characteristics, and reproduction.

The paper by von Keyserlingk et al. (2009) provides that concerns about the welfare of
animals typically include 3 questions: is the animal functioning well (e.g., good hedlth,
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productivity, etc.), is the animal feeling well (e.g., absence of pain, etc.), and is the animal
ableto live according to its nature (e.g., perform natural behaviours)?

In the paper written by Johnsen et al. (2001) were described and compared nine
methods of ng the welfare of farm animals at herd level. A distinction is made between
two types of welfare parameter: the environmental and the animal-based. The relative weight
of these parameters, together with variation in their measurability, explains many of the
differences between the methods with which the paper is concerned.

The paper of Hristov et al. (2012, in press) scrutinized the most important group of
welfare indicators that are based on an assessment of the current state of the welfare of dairy
cows on farms with detailed consideration of their behavior, health, physiology, performance
and disease resistance. In addition, the paper describes the indicators for the evaluation of
welfare of dairy cows to observe a way of managing the farm and specific interactions
between animals and housing systems. Severa systems of welfare quality evaluation of dairy
cattle are in use during last decade as Animal Need Index (Bartussek et al., 2000), the related
TGI200 in Germany (Sundrum et al., 1994), the ethical account in Denmark (Sorensen et al.,
2001), Freedom Food schemes in the United Kingdom (FAWC (1993)), specific tools for
dairy cows in France (Capdeville and Veissier, 2001) and Italy (Tos et al., 2001), assessment
protocol for cattle which is developed within Welfare quality® project (2009) and finally the
system of welfare indicatorswhichwas developed in Serbia within the nationa project "TR
20110: Development and implementation of welfare and biosecurity standards to improve the
technology of cattle and pigs production” (Anon., 2011).

In the paper of Rushen (2003) were discussed some of the major conceptual and
methodological problems that have arisen in attempts to assess the relative levels of farm
animal welfare in different housing systems. In some cases these problems arise because
applied research has not kept pace with more fundamental research.

The most significant welfare problemsin dairy cattle

Given a natural healthy life, cows can live for twenty years or more. However, high
yielding dairy cows are usually culled after three lactations, because they are chronically lame
or infertile (EFSA, 2009; von Keyserlingk et al., 2009; EFSA, 2012). Mastitis is aso very
important cause. It is well known that there are a large number of bacteria, both contagious
and environmental, that are capable of causing mastitis. In some countries, records of the
incidence of clinical and subclinical mastitis for individual cows are collected regularly as part
of disease surveillance. Examples of other endemic diseases that may lead to premature
culling of dary cattle are tuberculosis, bovine vira diarrhoea, infectious bovine
rhinotracheitis, leptospirosis and Johne’s disease, although some of these can be controlled by
vaccination. Metabolic diseases of dairy cows are important in terms of lost production and
poor welfare and include ketosis, milk fever, left displaced abomasum and acidosis. Many
other causes as overproduction of milk, restrictive housing systems, poor nutrition, and
physical disorders impair the animals’ welfare in industrial dairy operations. In their fragile
end-of-production state, handling, transport, and slaughter raise additional welfare concerns
(FAWC, 2009; EFSA, 2009; 2012).

It is well known fact that cows kept indoors have less opportunity to act naturally and
exercise. Very often poor ventilation and high humidity increase the risk and spread of
infection. Hard concrete flooring can cause foot damage and is more painful for lame cows to
stand and walk on. Also, zero-grazing systems have been linked to increased lameness. Some
herds are kept on concrete floors with inadequate bedding. These are uncomfortable for the
cows to walk, stand or lie down on. Management and nutritional factors can have a large
effect, often obscuring the influence of housing. The behavior of the cow, particularly time
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spent lying or standing, can influence the likelihood of lameness. The diet of high yielding
cows often has relatively little fibrous content and is inappropriate for their type of digestive
system. This can lead to acidosis and painful lameness from laminitis (von Keyserlingk et al.,
2009; Hristov et al., 2011; de Vries et al., 2011; Shearer and van Amstel, 2011).

In commercial dairy farming, nearly al caves are taken away from their mother
shortly after birth. This causes severe distress to both the cow and the calf and has long-term
effects on the calf’s physical and social development. The most significant welfare problems
in dairy calves in intensive rearing conditions have been investigated in the paper by Hristov
et al. (2011). These problems mainly result from inadequate intake of colostrum (separation
from the mother), inadequate ventilation (resulting in inappropriate airflow, low or high
temperatures, high humidity and poor air quality), poor floor conditions (wet floor, without
bedding), inadequate monitoring of health, exposure to pathogens causing respiratory and
gastrointestinal disorders and occurrence of iron deficiency. In addition, on cattle farms in our
country welfare problems in calves originate from continuous restocking (no "all in - all out™)
and mixing caves from different sources, as well as insufficiently balanced solid food,
insufficient access to water and generally poor response of farmer to health problems,
especially necessary dietary changes. A specia welfare problem is insufficient floor space
allowance which results in calf’s discomfort.

In the EFSA reports (2009; 2012) and opinion of FAWC (2009) was suggested that
nearly all diseases affect the welfare of dairy cows to some degree. In recent decades, a
marked increase has occurred in the incidence of various production diseasesin dairy cattle of
which lameness is the most prevalent. Lameness continues to be a common problem across
many types of housing. Lameness of dairy cattle is avery visible well-being issue as well as a
production and economic issue. In the paper of Hristov et al. (2011) analysed the most
significant predisposing factors and causes of lameness of dairy cows. It is considered that
lameness is related to the genetics of the animal, housing and nutrition. High levels of
production do not necessarily lead to increased lameness, although genetic correlations
between levels of production and the incidence of lameness suggest that continued high
selection for milk production will likely exacerbate the problem.

Unsuitable designs of cubicles are commonly implicated in hock, back and hook bone
lesions; feed barrier design and access to feed are implicated in neck and shoulder calluses.
Risk factors for the more severe injuries associated with slipping and falling include the floor
surface, loafing space/overcrowding, shed design (cow flow), poor stockmanship, social
group size, care of high risk, recently-calved animals in the herd and bulling cows. The
common injuries to dairy cows are hock abrasions and swollen hocks, neck calluses, calluses
on the back, injuries of the hook bone and skeletal injuries after slipping, e.g. fractured or
dislocated hips (Regulaet al., 2004, EFSA, 2009; FAWC, 2009; EFSA,2012).

Recent research has shown that body condition affects both health and fertility. The
cow with high genetic merit for milk production produces more milk partly because of a
greater propensity for losing body condition to support milk production. This leads to a
greater negative energy balance in early lactation, with more rapid loss and a slower recovery
of body condition that, in turn, affects her ability to conceive. The immune resistance of high
yielding cows in negative energy balance during early lactation is weak, raising susceptibility
to some diseases. Cows of high genetic merit for milk production need a high level of
management to ensure good nutrition, avoid extremes of body tissue loss and hence be fertile
(EFSA, 2009; FAWC, 2009; Roche et al., 2009; EFSA, 2012).

Infertility among high yielding dairy cows is linked to stress, poor body condition and
the demands of high milk production on the cow’s general health. Infertility is aso influenced
by concurrent disease, such as lameness and mastitis. Inappropriate phenotype for the system,
poor management, inadequate feeding, breeding immature heifers and using inappropriate
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bulls that exacerbate dystocia, al contribute to infertility. Management of the dry cow is also
critical to fertility, particularly to ensure that cow is neither too thin nor too fat at calving.
Appropriate nutrition is clearly important to avoid metabolic diseases. In addition, observing
cows for heat and timing of insemination is crucial to good management (EFSA, 2009;
FAWC, 2009; EFSA, 2012).

Good stockmanship is the key to good welfare and the quality of stockmanship is
critical to the management of high yielding dairy cows. Sound education and up-to-date
training of dairy farmers and stockmen are essential to promote and maintain good welfare in
dairy herds (Hristov et al., 2010a).

When dairy cows come to the end of their productive life, they may be transported
long distances to be slaughtered. The effects of l1and transport on animal welfare are described
by Broom (2005). Animal welfare during and as a result of transport can be assessed by using
a range of behavioural, physiological, pathologica and carcass-quality indicators that are
described in this paper. Measures of the extent of any disease, injury or mortality resulting
from, or exacerbated by, transport are important because health is an important part of
welfare. Factors affecting the welfare of animals before, during and after transport mainly
related to: definition of the staff responsibilities and competence, attitudes to animals and
need for training of staff, planning of journeys and methods of payment of staff, laws and
retailers’ codes, genetics, especially selection for high productivity, rearing conditions and
experience, the mixing of animals from different social groups, handling and loading
procedures, driving methods, space allowance and increased disease susceptibility and spread
of disease.

Animal health, the most important aspect of their welfare, has vastly improved, as has
the care of sick or injured animals. At the same time, the latest amenities used in livestock
rearing, transport and slaughter are helping to eliminate situations involving extreme stress
and suffering (Seng and Laporte, 2005).

Conclusion

On the bases of literature data about welfare of dairy cattle — today and tomorrow and
experience of authors could be concluded:

- Dairy cattle health, the most important aspect of their welfare, has vastly improved, as
has the care of sick or injured animals. At the same time, the latest amenities used in
livestock rearing, transport and slaughter are helping to eliminate situations involving
extreme stress and suffering;

The evidence suggests that, whilst improvements to the welfare of dairy cows in the
developed and developing countries have been made more can and should be done to
ensure that adairy cow has alife worth living;

The critical dairy cattle welfare issues mainly relate to the incidence, prevalence and
causes of lameness, mastitis, metabolic diseases, injuries, infertility overproduction of
milk, restrictive housing systems, poor nutrition, and physical disorders impair the
welfare of the animalsin industrial dairy operations.
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Abstract

Sustainable rural development requires increased economic productivity and the social
development of communities. Economic productivity can be increased in a number of ways:
1) improving quality of existing production, 2) improving quantity of existing production, 3)
improving reliability of supply to the market, 4) developing added-value products, 5)
diversifying into new types of production, and/or 6) diversifying into new economic sectors.
Traditiona approaches to rural development have tended to focus on one or the other. We
propose a holistic perspective where economic and social development work together to
strengthen rural communities. To support this, a systems approach is taken, where targeting
individual sectors within a community is integrated into a strategy to build on existing social
capital and develop improved interaction and co-operation to support both socia and
economic growth.

For this combined strategy to work, we need a clear initial picture of a community’s
existing strengths, weaknesses, opportunities and threats. This establishes a baseline of
information, not only on conventiona economic indicators, but also of socia capital
indicators such as levels of trust, existing willingness to cooperate, social problem areas,
traditional community culture, etc.We recently completed a baseline survey of the community
of Boljevac, in KruSevac municipality, located on the slopes of Jastrebac mountain in
southern Serbia. The community is fortunate in still having a village school where the local
schoolteacher, Aca MiloSevi¢, has been playing the role of community development officer,
in addition to his teaching duties. In consequence, the survey showed high levels of trust
within the community, and considerable willingness to cooperate and share resources, skills,
labour. The survey aso identified in several households awillingness to innovate and develop
new economic activities.

Thus the scene is set for discussing with the community specific opportunities to
improve its economic productivity, while at the same time cultivating improved trust and
cooperation amongst community members. This holistic perspective is essential if increased
economic productivity is to lead to the increased economic cooperation required to generate
better buying power, exploit new markets, etc.

Keywords. rural development, systems approach, economy, social capital,
cooperation

Introduction

Drift of population from rural to urban areas is a centuries-old global phenomenon.
Serbia has not escaped this phenomenon, having experienced a shift from over 79% rural
population (settlements <10,000 inhabitants) in 1948 to only 45.9% rural population at the
2011 population census (Anon 2004, 2011). During this period the capital city Belgrade, for
example, grew from only 630,000 (11% total population) to over 1,630,000 (23% total

63



Third International Scientific Symposium "Agrosym Jahorina 2012"

population) (Anon 2004, 2011). The causes of rura depopulation are many, including
expectations of gaining a better job; a better standard of living; to attend school; a desire for
technology; or a desire to experience the better amenities that an urban environment can offer.

This drift from rural communities to the urban centres results not only in the
breakdown of rura social networks and an impact on rural economic productivity if land is
abandoned, but pressure on the infrastructure and socia services of urban areas to which the
population migrates. The financial implications of this population drift for local authority
budgets are considerable. Thus, the experience of KruSevac municipality in southern Serbia is
typical: “The biggest problems facing KruSevac are: unemployment, environment and lack of
gpaces in the pre-school institution ‘Nata Veljkovi¢’, stated during the interview, and the
priorities currently engaging the management of the City are: water supply, modernization of
schools, streets and roads, and ...” (Anon 2010). KruSevac spends 20% of its budget (ca. €6
million) on buildings, maintenance, supplying heating and water (Anon 2012).

Sustainable rural development, through increasing the productivity and social
development of rural communities, serves the dua purpose of raising the economic
contribution of rural areas to the wealth of the region and reducing the pressures of migration
on urban centres by improving the quality of life of rural communities. Economic productivity
can be increased in a number of ways: 1) improving the quality of existing production, 2)
improving the quantity of existing production, 3) improving the reliability of supply to the
market, 4) developing added-value products, 5) diversifying into new types of production,
and/or 6) diversifying into new economic sectors.

Social development builds community assets, socia capital, co-operation and
democratic involvement. Traditional approaches to rural development have tended to focus on
individual sectors, such as agriculture or tourism (e.g. Mihajlov and Petrovi¢ 2011, Hristov
and SivCev 2007, UNDP 2009). Strategic plans for rural areas also tend to take a piece-meal
approach. Thus, Bogdanov and UNDP-funded coworkers (Bogdanov 2007) established that
problems of the young in rural areas were generally inadequately treatedin municipality
strategic plans. Municipalities whose programmes included alleviating problems of the young
in rura areas usualy addressed them through educational programmes related only to
agriculture. Further, the position of women in local communities was not frequently
considered in municipal strategic plans (only 35% of municipalities).

To overcome the limitations of targeting specific sectors of the rural economy, we
propose a holistic perspective where economic and social development work together to
strengthen rural communities. To support this, a systems approach is taken. Intensive
development at the level of a small village is linked to the wider economic system — other
surrounding villages, nearby major city markets, strategic commercial actors and so on. This
intensive development takes a ‘matrix pattern’. One aspect targetsimproved productivity
through technical help in carefully specified economicactivities. This is integrated into a
strategy to build on existing social capital and develop improved interaction and cooperation
to support both social and economic growth.

An essentia first step in implementing this strategy for a rural community is to
establish a baseline upon which to build; namely a SWOT (Strengths, Weaknesses,
Opportunities, Threats) analysis. This will identify the community’s existing social capital
upon which ideas to develop further the community’s economy and social capital can be built,
facilitated by expert support and guidance, akin to the neo-endogenous approach to rural
development proposed by Ward et al. (2005), and references cited therein.

Thus, here we present a preliminary report on results of abaseline survey of aspects of
social capital of a rural community, focusing on establishing the community’s existing levels
of trust and cooperation; essential factors determining the community’s capacity to make
progress.
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Material and methods

The rural community at the centre of our research is Boljevac, one of seven
settlements making up the parish of Ribare in KruSevac municipality. The village is located
on the south-eastern flank of Jastrebac mountain at an altitude of 660-700 m, at the end of a
badly-worn Macadam road 3 km from the main asphalt road to KruSevac. According to
preliminary results from the 2011 population census (Anon, 2011), the village has 125
inhabitants distributed amongst 43 households. The community is typical of much of rural
Serbia, with most families carrying out largely subsistence farming, and a few with
employment outside the village.

Although the village has no public transport, shop or local amenity, it still has avillage
school providing education for the first four years. The village schoolteacher, Aca MiloSevic,
in addition to his formal role as schoolteacher, has also acted as an unofficia community
development worker during the five years since he started teaching at the school (Petrovic,
2011). In consequence, many in the community are already motivated to improve themselves
and their livesin the village.

A questionnaire was put together on the basis of questions provided by a group of
experts and motivated individuals who were interested in helping Boljevac to develop. They
had expertisein:

- agricultural production,

food processing,

tourism,

agricultural pollution control,

small-scale energy production,

market economics,

product branding,

entrepreneurship and book-keeping,

rural economics,

ethnology and

community cooperation.

In this way, we would get a broad picture of the village’s social capital and its
strengths, weaknesses, opportunities and threats in many sectors potentialy of interest, apart
from aspects of agriculture. The questionnaire had over 370 questions, divided into the section
headings shown in Table 1.
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Table 1. Section headings of the questionnaire. Headings in bold indicate questions for which results
are presented here.

Section heading Questions
Y ou and your family 4-10
You and your community 11-38
M ember ship of associations, clubs, etc 39-52
How far and often do you travel? 53-60
Who doyou trust? 61-76
Y our household assets, services, support 77-101
Y our use of land 102-117
Y our crop production 118-195
Y our food production 196-202
Y our animal production 203-231
Y our selling and marketing challenges 232-240
Y our other sources of income 241-248
Y our farm production and household costs 249-274
Y our agricultural support services 275-279
Your level of cooperation 280-337
Borrowing and saving money 338-344
Y our views on tourism 345-366
Y our thoughts on the future 367-372

To speed up the process of interviewing villagers, show cards were prepared for
groups of questions, so that respondents could just point at the most appropriate answer on the
show card, which would then be recorded by the interviewer on the questionnaire. The
guestionnaire was prepared and formatted in English and then translated into Serbian.

Two post-graduate (diploma) students were given instructions on how to conduct the
interviews, which took place during one week in late October/early November 2011, and
every household in Boljevac was visited. The interviewers stayed in a house in Boljevac that
had previously provided accommodation for visitors. The village schoolteacher had informed
some of the villagers of the questionnaire shortly before the interviewers arrived, though
many households were not previously aware that interviewers would call.

Completed questionnaires were transcribed into both SPSS (for detailed quantitative
and qualitative analyses, to be reported elsewhere), and Excel (Microsoft, Version 2004 for
Mac) for the analyses presented here.

Results and discussion
The survey process

Of the 43 households in the village, 34 agreed and six declined to take part in the
guestionnaire (85% return), and three households were absent during the time of the survey.
The respondent was usually head of the household (25/34 households), with the remainder
being either wife or son of the head of the household. The process was completed quicker
than expected because many respondents had no idea of the answers for many questions, in
particular about agriculture - no idea how big their fields were, no idea what their crop yields
were, no idea what prices they got, and so on - they seemed in many casesto live avery hand-
to-mouth existence. They knew which fields were theirs and they could see how big they
were, but it wasn't important to know how many ha/ares they were! No-one kept any farm
records of anything; not surprising as most of the adults were known to be functionaly
illiterate!
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One student interviewer found it easier to communicate with respondents than the
other, as people in Boljevac had met her on a previous visit and had more trust in her. A few
people were reluctant to give answers because they feared they were officias from the council
or some other mistrusted organisation. One person didn't want to answer the questionnaire
because he works for alocal influential politician. Although most of the time the male head of
the household gave the answers, often the women knew more about their agricultura
production than the men!

Although show cards had been prepared for each batch of questions, these were rarely
used, partly because it saved time to go through the choices of answer verbally, and partly
because all the information on show cards had been typed in Latin Serbian, whereas the
villagers, especially those who left school early in their education, were more used to reading
Cyrillic Serbian! On other occasions the wording of some of the questions was difficult for
them to understand.

Many respondents were very happy to spend the time going through all the questions,
but a sizeable proportion thought it was rather long and were clearly impatient to get to the
end. Many were also reluctant to give answers because of lack of trust. One person initially
said 'No' the first day (lack of trust and not lack of time), but then a day later said 'OK" and
agreed to answer the questions.

During the interviewing process the two interviewers got the impression that the
village was divided amongst those who got on well with each other and a (probably smaller)
proportion who didn't get on well with each other, and were mistrusting. These impressions
were reflected in answers to many of the questions on trust and cooperation (see below).

On atechnical note, the questionnaire demonstrated a widespread lack of information
amongst the people of Boljevac on aspects of agriculture, no doubt in part associated with
functional illiteracy amongst most adults. Therefore, future activities in Boljevac should
include opportunities for the villagers to improve their reading and writing skills. The
challenge of reading and understanding information using the Latin as opposed to the Cyrillic
Serbian alphabet needs to be taken into account not only for our future activities within the
Boljevac development project but because it has much wider implications for projects on rural
development in general. For international aid projects in particular, the Latin aphabet is more
generaly used for documentation (leaflets and brochures) for project stakeholders, which
would include subsistence farmers (V Jovanovic, personal communication).

Selected findings from the questionnaire

Population structure is shown in Figure 1. Of the 109 people recorded, half were over
48 years old, and the number of children of school age, at 18.3% (20/109), was exactly
average for avillage of itssize in rural Serbia (Anon, 2003). The continued supply of children
reaching school age each year explains why the village still has a functioning school, teaching
years 1 to 4 of basic schooling. Although the number of children at school is currently only
six, the school roll has shown no significant trend during the last 18 years, fluctuating
between six and nine (A MiloSevic, personal communication).

Nine households had a family member with a job outside the village. No respondents
were planning to move from Boljevac and only three respondents had children who were
planning to move from the village. So, the population of the village is likely to be stable for
the next few years, which is an encouraging sign. Membership of associations and clubs was
not high, being essentialy limited to politica parties (9 respondents), trade unions
(syndicates) (4), and sports clubs (3). Although nearly everyone visited the centre of the
parish (Ribare) at least once a month, one third of households had never visited Belgrade and
only one person had ever been out of Serbia.
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Household assets painted a general picture of poverty in the community. Nearly two
thirds of households (21/34) either owned or had access to a car, though tractor is the most
frequent form of transport. Twelve households had no bathroom or toilet; only five
households had a computer of some sort; only 21 households had a vacuum cleaner and no-
one in the village had air conditioning, even though summer temperatures reach 40°C. The
only service that was regarded as good in the village was access to water (30/34 scored this
very good), which comes from a local spring and is piped by gravity around the village.
Housing, health care, dental care, education and bus services were generally considered to be
either OK (housing and education), poor (health and dental care), or very poor (bus transport)
- not surprising considering that the nearest bus stop is 3 km from most of the village, along
unlit cart tracks. Despite the generally worse-than-average picture in these quality of life data,
71% of respondents assessed their persona life as being better than the life of their parents,
21% assessed this as the same and only 9% as worse.

Achieving sustainability in rural development for the community will be determined
largely by the extent to which individuals are able to develop effective and long-term
cooperation of various types, both amongst the inhabitants of Boljevac itself and with people
from neighbouring communities, particularly those in the six other settlements making up the
parish of Ribare. However, effective cooperation needs trust. Therefore, several questionsin
the questionnaire probed aspects of trust (Figures 2a,b) as well as aspects of cooperation
(Table 2, Figure 3).

It was clear that most people in Boljevac put high trust in their family members and
relatives, with 76% of respondents saying they could trust all family members and relatives
(Figure 2a), though 21% said they could trust only some of their family and relatives. As
would be expected, levels of trust decreased the further away respondents got from family
relationships. Only 25% trusted all of their friends; only 21% trusted all their neighbours, and
levels of trust in people they did not know well from outside Boljevac were much lower (only
6-12% respondents choosing ‘All’). Consequently, the choice ‘None’ gained the highest score
for people they did not know well from other nationalities (79%), and the frequency of ‘None’
gradually reduced the nearer they got to family relationships. Even so, two respondents said
they couldn’t trust any of their friends, and five said they had no trust in any of their
neighbours.

Regarding the level of trust of representatives of different categories of official and
profession (Figure 2b), members of political parties commanded the least trust (32/33
respondents choosing either ‘Some’ or ‘None’). Note that four respondents who were
members of political parties said they had no trust in members of any political party! Lack of
trust in political parties was closely followed by members of state government (30/33
choosing ‘Some’ or ‘None’), then private companies (28/32) and local government (27/33). In
contrast, responses were the other way round for members of professions, with schoolteachers
having very high levels of trust (27/33 respondents choosing ‘All’ or “Most’), then doctors
and priests with reasonably high levels of trust (22/33 for both). Only two respondents did not
trust any schoolteacher, five didn’t trust any doctors, though, interestingly, seven (21%) did
not trust any priests!

Questions on cooperation were divided into existing cooperation within Boljevac and
with neighbouring villages, and future intentions on cooperation within Boljevac and with
neighbouring villages. Results from these questions are summarised in Table 2. Currently
around two thirds of people in Boljevac (68%) aready cooperate with others in the village,
and 21% are cooperating in some way with people in other local villages. Most popular forms
of cooperation with others in Boljevac were supply of mechanical/machinery services (20
respondents), supply of animal feed (18), supply of agricultural labour (15) and supply of
artificial fertilisers (12). In addition to these four types of cooperation (either 3 or 4
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respondents), cooperation with people outside Boljevac included supply of seeds (3), sales of
crops (3) and sales of livestock (3).

Interestingly, four respondents who were currently cooperating with othersin Boljevac
were not planning to continue this cooperation, though others not cooperating in the village at
the moment planned to do so in the future, resulting in very little change overal in the
proportion of people planning to cooperate within Boljevac in the future (65%). However,
many more people from Boljevac were planning to cooperate with othersin loca villagesin
the future (53%). These planned increases in outside cooperation targeted supply of
mechanical/ machinery services (8), supply of agricultural labour (6), sales of milk (5), fruit
and vegetables (5), aswell asfood products (4). Food products were evidently seen by severa
respondents as a potential growth area, requiring cooperation both within and beyond the
village.

Table 2. Questions relating to cooperation of villagers with othersin Boljevac and in neighbouring

villages.
Question Yes No
Do you co-operate with other householdsin Boljevac on agricultural issues? 23 11
Do you co-operate with people in other local villages on agricultural issues? 7 26

Do you intend to co-operate more with other households in Boljevac in the future? 22 12
Do you intend to co-operate more with peoplein other local villagesin the future? 17 15

When asked for their general views on cooperation (given free choice to say what they
wanted), replies could be categorized into four types of response: they thought cooperation
was a bad thing or unnecessary, they fondly remembered the former cooperative (that
collapsed around 10 years ago) and wanted something like that back again, they thought
cooperation was generally a good thing or useful, they thought cooperation was essentia or
very good. Freguencies for these four categories of response are shown in Figure 3. Only
three respondents thought that cooperation was either not necessary or bad. Thus, overal,
91% (31/34) considered that some sort of cooperation would be useful, either as a cooperative
like the former Ribare cooperative, or some other form of association with othersin Boljevac
and/or neighbouring villages. This result gives considerable encouragement for providing the
village with a better future.

Respondents were also given a free choice to suggest any type of training that they
would like to receive in the future, both to improve existing skills and to introduce new skills.
Two thirds of households (23/34) suggested at least one type of training, including six
households aready in their 60s or above. Of those households not interested in training, seven
were in their 60s or above and only one household specifically stated that no training courses
were needed. The most popular types of courses were on aspects of agricultural production
(crops, soft fruit and animal and milk production, irrigation and soil conservation), with five
households specifically requesting training in aspects of food processing, and one household
requesting advice on tourism. This indicates avery high level of interest amongst the younger
households (over 80%) in improving themselves and their future economic prospects.

Conclusions

The data collected from our Boljevac questionnaire have provided a detailed picture of
a small village community, which would be typica of many in rural Serbia. While their
quality of life in terms of assets and incomes is inevitably below average for the country as a
whole, the fact that the large majority of families is content to stay in Boljevac indicates that
quality of life means more to them than just tangible assets and money. Several respondents
who have jobs outside the village said they enjoy life in the village because there they can
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relax, enjoy the clean environment and peace and quiet. Nevertheless, there was universa
complaint about the absence of an asphalt road to the village.

Improving the quality of life standards will inevitably need improvements in the
economic productivity of the community. As explained earlier, this may be achieved through
one or more of the following mechanisms: 1) improving the quality of existing production (to
get higher prices per unit sold), 2) improving the quantity of existing production (to sell more
at the same price), 3) improving reliability of supply to the market (to encourage buyers to
pay a premium), 4) developing added value products (to get much higher prices than selling
unprocessed goods), 5) diversifying into new types of production (to sell new crops for which
there is high market demand), and/or 6) diversifying into new economic sectors (to get
additional income from tourism, or small-scale energy generation, for example).

Training of one sort or another, working alongside the villagers on aregular basis, will
provide opportunities for them to make progressin one or other of these six areas of economic
development. However, although outside expert support for Boljevac is needed to ensure that
the community builds on its existing strengths and interests, future development work should
be undertaken with caution, as intensive development of the village could lead it to lose the
very character and appeal that its inhabitants cherish at present. The ambitions of the villagers
seem modest, and this needs to be recognised by those who seek to help the village to develop
sympathetically and sustainably.

To achieve any of these developments will require cooperation of some sort to a
greater or lesser extent, maybe initially to pool resources in some form of informal
association, which might lead eventualy, if the market conditions are appropriate, to a new
cooperative focusing on one or other products the village has to offer, creating a ‘Boljevac’
brand. It is clear that the existing level of cooperation of households is high. Evidently the
groundwork in community development laid during the previous five years by Aca MiloSevic,
as the village schoolteacher in Boljevac, has had an impact on people’s willingness to do
something (as evidenced by the high level of interest in training courses), and to cooperate to
improve the village’s economic future.

Thus, for our systems approach to rural development to be implemented successfully
in other rural communities around Serbia, an essential starting point will be the existence
within the community of awillingness to doing something for itself and an existing high level
of cooperation with others; i.e. initial groundwork in community development needs to be
carried out by someone in the community who commands a widespread high level of trust and
respect, like the village schoolteacher, as an essentia prerequisite for any project on rural
development to have sustainability beyond the end of the project.

As a footnote to this research, following publicity for Boljevac on local and national
media during the past two years, an investor has recently bought land on the edge of the
village with the intention of setting up a fish farm, and providing accommodation for tourists.
The new government of KruSevac municipality has also agreed to provide funds to make a
start on building a road to Boljevac in 2013. Thus, the efforts of the village schoolteacher to
motivate the community and to publicise Boljevac are beginning to bring tangible rewards.
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Figure 1. Frequency distribution of population in Boljevac.
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Figure 2a. Frequency distribution of level of trust in different categories of people. Answersto the
following question - Everybody has different opinions about different groups of people. Please tell me

if you think you can trust: All, Most, Some, or None of the people in the following groups:

Question number:

1 - Family and relatives

2 - Friends
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4 - People you do not know well from other loca villages

5 - People you do not know well from nearby cities such as KruSevac
6 - People you do not know well from Belgrade

7 - People you do not know well from other nationalities
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Abstract

Fundamental changes in food consumption and production patterns are indispensable
for achieving sustainable development. The paper aims at analysing food production and
consumption environmental sustainability in Bosnia, Italy and Serbia by comparing the water,
ecological and carbon footprints. The paper is mainly based on secondary data from different
sources. FAOSTAT; Water Footprint Network; Global Footprint Network; etc. FAO food
balance sheets data were used to characterise the food consumption patterns in Bosnia, Italy
and Serbia. The water footprint of food consumption in each country was calculated using
water footprints per commodity. All the three countries have an ecological deficit. Carbon
footprint is higher in Italy than in Serbia and Bosnia (1.17 ghal/capitalyr). Water saving in
Italy is higher than in Bosnia (1,890 Mm?®/year) and Serbia. Total food supply in Italy is much
higher than in Bosnia (3082 kcal/capita/day) and Serbia. The share of plant-based energy in
the diet is higher in Bosnia (84.7%) with respect to Italy and Serbia. Water footprints of food
supply are similar in Bosnia (1849.70 Mm?®/capitalyear) and Italy but lower than in Serbia
Water footprint of a Bosnian citizen is 0.08% higher than an Italian one and 22.86% lower
than that of a Serbian. The highest water footprint is the green one. Meat and dairy products
represent more than a half of the water footprint. Adoption of more sustainable food
consumption and production patterns can bring about not only significant human health
benefits but aso reduce the food consumption environmental footprints on natural resources
especially water.

Key words: Food; footprint; Bosnia; Italy; Serbia.
I ntroduction

The participants to the United Nations Conference on Sustainable Development
(Rio+20) recognized that fundamental changes in the way societies consume and produce are
indispensable for achieving globa sustainable development. Therefore, they recalled the
commitments made in the Rio Declaration on Environment and Development, Agenda 21 and
the Johannesburg Plan of Implementation and adopted the 10-year framework of programmes
on sustai nable consumption and production (United Nations, 2012).

There is growing evidence on the impact of diet on health, including increased risk of
obesity, cardiovascular diseases and cancers, and also of its role as a socia indicator (Reddy
et al., 2009). However, sustainability of food systems and consumption patterns is about more
than health concerns as it regards also environmental impacts. Agriculture is the largest single
source of greenhouse gas emissions in the food chain (Carlsson-Kanyama, 1998). Diets are a
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significant factor in a number of critical sustainability issues such as climate change; public
health; social inequality; biodiversity; energy, land and water use; etc. (Reddy et al., 2009).

Many studies provided a strong evidence for a beneficial effect of higher conformity
with the Mediterranean dietary pattern on risk of death from al causes, including
cardiovascular diseases and cancers (Giugliano and Esposito, 2008). In the Mediterranean
region, there have been unprecedented changes in lifestyles and food consumption patterns
during the past few decades. Diet change is the result of the dual phenomenon of the spread of
the English-speaking countries dietary model and of globalization (Padilla, 2008). The
adhesion to the Mediterranean Diet (MD) by getting the food proportions and composition
defined in the new Mediterranean Diet pyramid can not only influence human health but also
the environment (Saez Almendros et al., 2012).

The paper aims at analysing food environmental sustainability in Bosnia, Italy and
Serbia by comparing the water, ecological and carbon footprints.

Material and methods

The paper is mainly based on secondary data from different sources: FAOSTAT Food
Balance Sheets; Water Footprint Network; Global Footprint Network; etc. The current
Bosnian, Italian and Serbian food consumption patterns were characterised using data from
the FAO food balance sheets 2006 (FAOSTAT, 2010). In this paper, three environmental
footprints have been taken into consideration i.e. Ecological Footprint (EF), Carbon Footprint
(CF) and Water Footprint (WF).

The EF on anational scale was fully explained by Ewing et al. (2010, 2010b). The EF
measures appropriated biocapacity, expressed in global average bioproductive hectares, across
six mgor land use types (i.e. cropland, grazing land, fishing grounds, forest land, carbon
footprint, and built-up land). The EF methodology uses a consumer-based approach; for each
land use type. The EF of consumption (EFC) is thus calculated as. EFC=EFP+EFI-EFE;
where: EFP is the EF of production; EFI and EFE are the ecological footprints embodied in
imported and exported commodity flows, respectively.Biocapacity refers to the capacity of
ecosystems to produce useful biological materials and to absorb waste materials generated by
humans (GFN, 2011).

The CF is ameasure of the exclusive total amount of CO, emission that’s directly and
indirectly caused by an activity or is accumulated over the life stages of a product (Wiedmann
and Minx, 2008). The carbon Footprint is calculated as the amount of forest land required to
absorb given carbon emissions (Ewing et al., 2010).

The WF is the demand of freshwater resources required to produce goods and services
and it represents a measure of human’s appropriation of freshwater resources measured in
terms of water volumes consumed (evaporated or incorporated into a product) or polluted per
unit of time (Mekonnen and Hoekstra, 2011). The water footprint concept is closely linked to
the virtual water concept (Hoekstra and Chapagain, 2007). The water footprint includes the
use of blue water (ground and surface water), green water (rain water or moisture stored in
soil strata), and grey water (pollution) (Hoekstra et al., 2011). Water footprint of food
consumption in each country was calculated using average water footprint per ton of
commodity per country, weighted based on origin (Mekonnen and Hoekstra, 2011).

Results and discussion
Ecological and carbon footprints and biocapacity in Bosnia, Italy and Serbia

Italy has a higher EF of consumption compared to Bosnia and Serbia. Concerning the
EF of production, Italy has the highest value compared to Bosnia and Serbia. Bosnia presents
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the highest biocapacity per capita (1.6 gh/capita) among the three countries (Ewing et al.,
2010).

Net importing countries import more biocapacity than they export and have an
ecological footprint of consumption greater than their ecological footprint of production
(e.g.ltaly). The opposite is true for net exporting countries (e.g.Serbia). All the three countries
have an ecological deficit — as the ecological footprint of consumption is higher than the total
nationa biocapacity: Italy (3.8 gh/capita), Bosnia (1.1 gh/capita) and Serbia (1.2 gh/capita).
The highest carbon footprint was recorded in Italy (2.66 gha/capitalyr), followed by Serbia
(1.27 ghalcapitalyr) then Bosnia (1.17 gha/capitalyr). In Serbia and Italy, the carbon footprint
is alone higher than the total national biocapacity (Tab. 1).

Tab. 1. Ecologica footprint and biocapacity, 2007 (Source: Ewing et al., 2010).

World Bosnia Italy Serbia Europe
2.70 2.7 4.99 24 4.68
Ecolog_ical Ecological Footprint of Consumption
'(:(?Ot)parll nt Carbon Footpri nt 1.44 1.17 2.66 1.27 2.54
glo
hectares per 2.70 247 3.08 244 431
capita) Ecological Footprint of Production
Ecological Deficit 0.9 11 3.8 12 18

Water footprint of national production and consumption in Bosnia, Italy and Serbia

According to Mekonnen & Hoekstra (2011), the global water footprint was 9087
Gm3/yr (74% green, 11% blue and 15% grey) in the period 1996-2005 and agricultural
production contributes 92% to this total footprint. Moreover, the water footprint of the global
average consumer was 1385 m>/yr in the period 1996-2005. Serbia is the country with the
largest water footprint of consumption (2390 m®yr) compared to Bosnia (1256 m*/yr) and
ltaly (2303 m>/yr). The differences can be partially explained by differences in consumption
pattern and by water consumption and pollution per unit of product per country. The share of
water footprint of agricultural products consumption in the total water footprint of national
consumption is 94.9% Bosnia, 89.4% in Italy and 61.85 inSerbia.Regarding production side,
ltaly is the country with the largest total water footprint of production (70392.1 Mm°/yr)
followed by Serbia (28898.8 Mm®/yr) then Bosnia (3057.9 Mm°/yr). In all countries, the water
footprint related to agricultural production (crop production, grazing, and animal water
supply) takes the largest share in the total water footprint within the country: 99% in Bosnia,
85.4% in Italy, and 58.6% in Serbia.

Thetotal volume of international virtual water flows related to trade in agricultural and
industrial products was 2320 Gm® yr* (68% green, 13% blue, 19% grey) of which 76% is
related to crop products trade (animal products trade contributes 12%). Italy presents a water
saving of 62,157 Mm°®year which is higher than Bosnia (1,890 Mm?®year), while Serbia
presents a negative virtual water balance (-1,779 Mm®/year), which means that it has a net
virtual water export.

Economic efficiency of land and water use

Natural resources use economic efficiency changes from a country to another as well
as depending on the footprint that is used in calculation so the considered resource (i.e. Land,
water). Economic efficiency of land use - EF/GDP - is the highest in Italy followed by Serbia
then Bosnia. That means that a higher surface of land is needed in Bosnia in order to generate
one million of national income than in Serbia and Italy. The situation is different regarding
water. In fact, in this case the highest water use economic efficiency - WF/GDP - is recorded
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again in Italy, but followed by Bosnia then Serbia. It can be noticed that in both cases Italy
does the best.

Characterisation of food consumption patternsin Bosnia, Italy and Serbia

FAOSTAT (2010) data show that dairy products are the most consumed food group in
Italy and Serbia while vegetables are at the top of the list in Bosnia. Cereals represent the
second most consumed food group in Italy; vegetables are ranked second in Serbia and dairy
products in Bosnia. Meat consumption is much higher in Serbia (74.02 kg/capitalyear) than in
Bosnia (20.10 kg/capitalyear). Total food supply in Italy (3649 2748 kcal/cap./day) is much
higher than in Bosnia (3082 2748 kcal/cap./day) and Serbia (2748 kcal/cap./day). Moreover,
the share of plant-based energy in the diet is higher in Bosnia (84.7%) with respect to Italy
(74.2%) and Serbia (67.8%).

Water footprint of food supply in Bosnia, Italy and Serbia

Water footprint of food supply in Bosnia (1849.70 m%cap./yr) is slightly higher than
that recorded in Italy (1848.29 m>/cap./yr) but much lower than the total water footprint in
Serbia (2397.78 m®/cap./yr). The analysis of the total water footprint of food supply in Bosnia,
Italy and Serbia shows that the average water footprint of a Bosnian citizen is 0.08% higher
than an Italian one and is 22.86% |lower than that of a Serbian one (Fig. 1).
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Fig. 1. Green, grey and blue water footprints of food supply in Bosnia, Italy and Serbia; 2006.

In al the three countries, the highest water footprint is the green one, followed by the
grey then the blue one. That is also an indicator of the relevance of agricultural products since
there is no green water footprint in the cases of industrial products and domestic water use.
However, the shares of the three components of the water footprint change from a country to
another. The grey component is the second highest in all the three countries. The highest share
of the blue water component in the water footprint is recorded in Italy; where water is used to
irrigate Mediterranean crops (Fig. 1).

Meat contribution to the water footprint is the highest in all the three countries. In fact,
in Italy, Bosnia as well as Serbia about a third of the water footprint is due to mesat
consumption. The contribution of vegetable oils to the water footprint is relevant in Italy but
not in the case of Bosnia and Serbia. Dairy products are also another important contributor to
water use. When considering both meat and dairy products, they represent in all the three
countries more than a half of the total water footprint of food supply. The contribution of
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stimulants (i.e. coffee, cacao, tea) is particularly relevant in the case of Bosnia The same
thing istrue for sugar and sweetenersin Serbia (Fig. 2).
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Fig. 2. Food product groups contribution to the total water footprint of food supply in Bosnia, Italy and
Serbia; 2006.

The top ten contributor products to the total water footprint of food supply change
from a country to another. In Bosnia, they are - in descending order: milk, wheat, bovine
meat, maize, coffee, cocoa beans, poultry meat, potatoes, sunflowerseed oil, and offals.

Conclusions

Total food supply in Italy is higher than in Bosnia and Serbia. The share of plant-based
energy in the diet is higher in Bosnia with respect to Italy and Serbia. Dairy products are the
most consumed food group in Italy and Serbia while vegetables are mostly consumed in
Bosnia. None of the three countries has an ecological reserve. In fact, there is an ecologica
deficit in al the analysed countries as the ecological footprint of consumption is higher than
the biocapacity. The highest carbon footprint was recorded in Italy. Serbiais the country with
the largest water footprint of consumption compared to Bosnia and Italy. In all countries, the
water footprint related to agricultural production takes the largest share in the national total
water footprint. Italy is the country with the largest total water footprint of production. Italy
presents a water saving higher than Bosnia, while Serbia presents a negative virtual water
balance. The average water footprint of a Bosnian citizen is 0.08% higher than that of an
Italian one and 22.86% lower than that of a Serbian one. The green component is the most
relevant one followed by the grey then the blue ones. Meat and dairy products represent in all
the three countries more than a half of the total water footprint of food supply. The top
contributors to the total water footprint of food supply in Bosnia are milk, wheat, bovine meat,
maize, coffee, cocoa beans, poultry meat, potatoes, sunflower seed oil, and offals. Adoption of
more sustainable agro-food production systems and food consumption patterns in Bosnia,
Italy, and especially, Serbia can reduce the food environmental footprints on the scarce natural
resources especially water.
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Abstract

Maizeis main field crop on arable lands in Croatia. According data of State Bureau of
Statistics, maize in the 2010 growing season was grown on 296195 ha or 22% of utilized
arable land of the country. In the period 2001-2010 mean yield of maize in Croatia was 6.33 t
ha* (mean harvested area 303946 ha) with variation among the years from 4.2 t ha* (2003) to
8.0 t ha' (2008). Wesather characteristics, especialy precipitation and temperature regimes,
are mainly the most responsible factors for these yield differences. In general, the higher and
good distributed precipitations as well as lower air-temperatures during three summer months
(June-August) are mainly in connection with high yields of maize. The growing season 2003
was the most unfavorable for maize growing among ten tested years because precipitation in
June-August period was for 30% lower (Osijek) and for 48% lower compared to 30-year
average. At the same period, air-temperature was for 3 °C (Osijek) and even 4.7 °C (Zagreb)
higher. This phenomenon is main reason for considerable yield reduction (mean yield 4.2 t ha
Y in Croatia. In accordance with global climatic changes, frequency occurrence of ,,dry
years* (below 150 mm in June-August) hasincreasing trend.

Key words:grain yield, maize, precipitation, air-temperature, Croatia
I ntroduction

Weather characteristics, especialy precipitation and temperature regimes, have
considerable effects on yields of field crops. The influences of weather characteristics on
maize plants start seven before sowing. The lower the soil-moisture reserve is in connection
with the higher precipitation requirements in this crop-season. It is desirable that by preseason
precipitation soil is supplied by water in level or above field water capacity, but without too
much excess. In the early vegetative growth needs of maize for water are mainly moderate
and cold weather decreasing growth rate. However, in the late vegetative stage, tasseling,
silking and pollination, the relationships between weather and yield of maize are more marked
(Shaw, 1988). The experiences from USA Corn Belt (Thompson, 1963) indicated low
correlations between maize yield and both June temperature and June precipitation. However,
optimum July precipitation is much above normal for the Corn Belt states. Also, August
temperatures are higher than those associated with optimum maize yields in the Corn Belt.
During the ear-filling stage, significant reduction in yield can occur from water shortage and
the higher air-temperatures (Thompson, 1986). The higher and good distributed precipitations
as well as lower air-temperatures during three summer months (June-August) and especialy
in July and August are in connection with high yields of maize in Croatia (Josipovic et a.,
2005; Kovacevic and Josipovic, 2005; 2010b; Markulj et a., 2010). Also, similar effects of
weather conditions on maize yields were found in Serbia (Jelic et al., 2009; Kovacevic et a.,
2009a; Maklenovic et a., 2009) and Hungary (Kovacevic et a., 2009a, 209b). Aim of this
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study was testing of precipitation and temperature regime status in three months period (June-
August: Osijek Weather Bureau) and maize yields in Croatia for the 2000-2010 period.

Material and methods

For this study, the data from State Hydrometeorological Institute (precipitation and
air-temperature: Osijek and Zagreb-Maksimir Weather Bureaues) and State Institute for
Statistics (statistical yearbooks: maize yields) were used. Rain factor (RFm) was calculated
monthly as quotient of precipitation (mm) and mean air-temperatures (°C) according
Gracanin (1950).

Results and discussion

Maizeis main field crop on arable lands in Croatia. According data of State Bureau of
Statistics (SYB, 2011) utilized arable land areain Croatia (status 2010) was 1334825 ha with
harvested areas of main field crops as follows: maize 296195 ha, wheat 168507 ha, soybean
56524 ha, barley 52524 ha, silage maize 30 145 ha, afafa-hay 27207 ha, sunflower 26412 ha
and rape seed 16339 ha. Maize growing in Croatia is characterized with high yield variations
among years. In the period 2001-2010 mean yield of maize in Croatia was 6.33 t ha®
(303946 ha) with variation among the years from 4.2 t ha’ (2003) to 8.0 t ha™ (2008).
Weather characteristics are mainly the most responsible factors for these yield differences.

Table 1. The harvested area, grain yield of maize in Croatiaand meteorologica data
Maize Year (The Weather Bureaues. OS = Osijek; ZG =Zagreb-Maksimir)
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Harveted area (ha) and grain yield (t ha™) of maize in Croatia for 2001-2010 period
ha 304035 305625 304762 319855 297692 290816 313125 313125 295000 295428
tha' 5.7 6.4 4.2 6.3 6.9 6.5 4.9 8.0 7.4 7.0
Precipitation (mm) in 3-month (June-August) period*
0S 324 172 146 216 521 240 105 201 138 377
ZG 190 338 145 228 381 250 248 244 243 298
Mean air-temperature (°C) in 3-month (June-August) period*
oS 208 214 233 206 201 210 228 217 218 222
ZG 209 213 240 204 201 211 221 214 216 215
* 30-year (1961-1990) averages: 211 (OS) and 278 (ZG) mm, 20.3 (OS) and 19.3 (ZG) °C

Precipitation and air-temperature regimes in three summer months (June-August) are
considerable factors of maize yields in Croatia. With that regard, the growing season 2003
was the most unfavorable for maize growing among ten tested years because precipitation in
June-August period was for 30% lower (Osijek) and for 48% (Zagreb) lower in comparison
with 30-year average. At the same period, air-temperature was for 3.0 °C (Osijek) and even
4.7 °C (Zagreb) higher. This phenomenon is main reason for considerable yield reduction
(mean yield 4.2 t ha). The growing season 2007 was also unfavorable for maize growing,
especialy in the eastern part of the country. For example, precipitation in June-August in
Osijek was 50% lower and air-temperature for 2.5 °C higher from 30-year mean (Table 1).

Monthly distribution of precipitation and air-temperaturesin Osijek and Zagreb (Table
2) were specific with high variations for the same month among different years. Excess of
precipitation accompanied with cold weather in June and very low precipitation with the
higher air-temperatures in August characterized 2001 growing season. Two growing seasons
(2003 and 2007) were unfavorable for maize. For example, mean June temperature in Osijek
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was 24.3 °C or 4.8 °C and in August 23.6 °C or for 3.3 °C higher than LTM. August air-
temperature in Zagreb was 25.0 °C or even for 5.7 °C higher than LTM and this stress was
accompanied with only 17 mm precipitation. The 2007 growing season was especialy
unfavorable for maize in the eastern part of Croatia. Adequate June and August precipitation
and water deficit in July characterized the 2010 growing season. Monthly precipitation and
temperature regimes in remaining tested years were less or more closeto LTM.

Table 2. Precipitation and mean air-temperature in June-August period

Osijek Weather Bureau Zagreb-Maksimir Weather Bureau
Year June July August June July August
Precipitation (mm) and mean air-temperature (°C): LTM = average 1961-1990
mm °C mm °C mm °C mm °C mm °C mm °C
2001 240 181 77 216 7 227 121 184 55 218 14 22.5
2002 36 21.1 59 223 77 209 71 211 124 219 143 208
2003 44 243 61 221 41 236 66 239 62 230 17 25.0
2004 77 19.2 43 215 96 210 102 191 70 21.1 56 21.0
2005 112 195 171 215 238 193 69 199 137 215 175 189
2006 91 20.1 15 235 134 193 40 205 32 238 178 189
2007 33 223 27 239 45 222 97 222 49 229 102 213
2008 76 215 79 21.8 46 218 103 209 86 219 55 21.4
2009 63 192 14 232 61 229 68 198 96 223 79 22.6
2010 234 204 32 232 111 217 104 204 53 232 141 208
Mean 101 206 58 225 86 215 84 206 77 223 96 21.3
LTM 88 195 65 21.1 58 203 100 185 83 201 95 19.3
Rain factor (RFm): precipitation / mean air-temperature (Gracanin, 1950)
June July August June July August
2001 13.2h 3.6sa 0.3a 6.6 h 25a 0.6a
2002 1l7a 26a 3.7sa 34sa 5.7sh 6.9h
2003 18a 28a 1l7a 28a 2.7a 0.7a
2004 40sa 20a 4.6 sa 5.3sh 3.3sa 2.7a
2005 5.7sh 8.0h 12.3h 35s 6.4 sh 9.2h
2006 45sa 0.6a 6.9 h 20a 13a 9.4h
2007 15a lla 20a 4.4 sa 21a 48 sa
2008 35sa 3.6sa 21a 49sa 39sa 26a
2009 33sa 0.6a 27a 34sa 4.3 sa 3.5sa
2010 11.3h l4a 5.1sh 5.1sh 24 a 6.8 h
Mean 4.9sa 26a 4.0sa 4.1sa 35=a 4.5 sa
LTM  45sa 3la 29a 5.4 sh 41sa 49 sa

Legend: a=arid (<3.3), sa=semiarid (3.3-5), sh = semihumid (5-6.6),
h = humid (6.6-13.3), ph = perhumid (>13.3)
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Table 3. Response of maizeto fertilization (Stojic et a., 2012)
Response of maize (2004-2011) to ameliorative fertilization (April 2004)

Fertilization (2004) Y ear (residual effects 2006-2011)
P,Os K,O 2004 2006 2008 2009 2011  Mean
kg ha* Grain yield of maize (t ha')
a)STD* 0 0 1228 1037 1093  9.00 7.58 10.03
bya+P 1000 0 1262 1084 1130 9.74 8.42 10.58

c)a+K 0 1000 12.73 10.58 1136 9.78 8.42 10.57

da+PK 1000 1000 13.75 11.17 11.70 10.27 8.83 11.14
LSD gos 0.52 0.64 0.50 0.49 1.02

* P2K2 effects (STD = 100) 112 108 107 114 116

* STD = basic (standard) fertilization in kg ha’: 160 N + 60 P,Os + 80 K,0

Daruvar Weather Bureau (June-August period: 1961-90 = 30-year averages) 1961-90

Precipitation (mm) 225 274 314 169 205 276

Mean air-temperature (°C) 19.8 20.1 20.7 20.8 21.2 19.7

RFm average values for 30-year period in Osijek characterizing semiarid climate in
June and arid climate in July and August, while in Zagreb these values were in level of
semihumid (June) and semiarid climate (July and August) and for this reason something more
favorable for maize growing. However, for 2001-2010 decade period these values have
tendency for increasing aridity degree. Especially unfavorable for maize growing was the
growing season 2003 because rain factor in June-August period both in Osijek and Zagreb
characterized arid climate (Table 3).

Kovacevic et al. (1994) reported survey of maize yields and precipitation regime in
Slavonija and Barannya region for the 1960-1989 period. Average yield of maize in the
region was 4.82 t ha™ with yield variation among years from 2.74 to 7.08 t ha™* (Croatia: 3.81
t ha* and from 2.45 to 5.33 t ha'). Precipitation quantities in June-August (Osijek) was 201
mm and variation among years from 138 to 460 mm and in eight year they were below 150
mm. The 2001-2010 period characterized by the higher precipitation (mean 244 mm), their
higher variation among years from 105 to 521 mm and below 150 mm precipitation in three
years (Table 1). However, by addition of the last two years 2011 and 2012 in consideration
(precipitation in Osijek for June-August period: 129 and 120 mm, respectively), frequency of
occurrence ,,dry years* at beginning of 21 century have increasing trend.

Additional factor of relative low yields of maize and yield variation among years
could be growing under soil conditions characterizing different soil fertility. By adequate soil
and crop management practice is possible to alleviate detrimental effects of unfavorable
weather conditions on field crops yields (Butorac 1999; Kovacevic, 2010a). Stojic et al.
(2012) reported that by ameliorative fertilization with phosphorus and potassium were
increased maize yields under drought stress of 2009 and 2011 for 14% and 16%, respectively
(Table 3). Kovacevic et a. (2011) found effects of KCI fertilization and genotype on
nutritional status and yield of maize, soybean and wheat.

Conclusion

Maizeis main field crop on arable lands in Croatia. Weather characteristics, especialy
precipitation and temperature regimes, have considerable effects on yields of maize. In
general, the higher and good distributed precipitations as well as lower air-temperatures
during three summer months are in connection with the higher yields of maize. In accordance
with global climatic changes, frequency occurrence of ,,dry years” (below 150 mm in June-
August) hasincreasing trend.
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Abstract

The residual effect of liming on soil pH and plant available phosphorus and on maize
grain yield was studied in the 2011 growing season. Field trial was conducted in 2006 in the
east Croatia on the very acid luvisol with low phosphorus availability. Liming materia
containing 73 % CaO and 2-3% MgO was applied at following rates: 0, 5, 10, 20 and 40 t ha
! Liming gradually raised soil pH from initial very acid to even alkaline reaction on the
highest rate. Also, available phosphorus content was considerably improved by liming.
Significant liming impact on maize grain yield was ascertained, and it was higher on all
liming treatments except on the 40 t ha’, due to overliming. The highest yield (11.9 t ha)
was achieved on the treatment with 10 t ha™*, but between application of 5, 10 and 20 t ha™* of
lime there were no significant differences. So, liming with moderate lime rate proved to be
effective five years after application.

Key words: liming, soil pH, plant available phosphorus, maize grain yield
I ntroduction

Acid soils occupy about 30% of the world’s ice-free land area (von Uexkull and
Mutert 1995). In Croatia the problem of natural and anthropogenic acidification of the soils
has a great importance. There is about 1.6 million hectares of acid soils in Croatia
(Bogunovic et al. 1997) and they are especialy widespread in the eastern Croatia. Major
causes of acidity are leaching and plant uptake of basic cations, production of organic acids
from organic matter decomposition. Also, fertilisation, especially with some nitrogenous
fertilisers containing strong acid forming anions, may increase acidity of soils with weak
buffering capacity (Bierman and Carl, 2005). Under temperate climates long term losses of
base cations from lower soil layer change the soil chemical properties and decrease nutrient
avaliability. High levels of soil acidity (low soil pH) can cause reduction of root growth,
nutrient availability, reduction of crop yields and deterioration of soil physical properties
(Adams 1984). In genera it affects the biological, chemical and physical properties of soil,
which in turn affect the sustainability of crop production. In order to produce a better maize
yield on acid soils, farmers are recommended to apply liming materials rich in calcium and
magnesium to increase the soil pH and thus eliminate Al toxicity and increase nutrient
avaliability, especialy phosphorus. Liming is common recommendations for improvement of
acid soilsin Croatia (Kisic et a. 2002, Kovacevic et al. 2006, Loncaric et a. 2006, Rastija et
al. 2007, 2008, 2009, Kovacevic and Rastija 2010, Andric et a. 2012). The aim of this study
was to provide data for sustainable cropping by evaluating the residual effect of liming on soil
chemical properties and maize grain yield.
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Material and methods

The field trial was conducted in ZelCin (eastern Croatia) at dystric luvisol with low pH
and low nutrients availability (pH ko =4.31, SOM=1.71 %, P,Os= 7.8 mg/100g and K,O=
22.8 mg/100g). The experiment was setup in a randomized complete block design in four
repetitions. The plot size was 44.8 m? (5.6m x 8m). In the March of 2006 soil were limed with
different amount of hydrated calcite (73% CaO + 2-3% MgO) what resulted in five
treatments: 0, 5, 10, 20 and 40 t ha™. The experimental plots were fertilized for maize in 2011
with 175 kg N ha*, 150 kg P,Os ha™* and 225 kg K,O ha*. Maize hybrid OsSK 552 was
sown at the last decade of April and harvested manually at the end of September.

Maize growing seasons of 2011 were characterized by lower precipitation for 135 mm
and higher air temperatures for 1.9 °C as compared to the 30-year mean. However, in terms of
precipitation distribution, the lowest amount were in August (only 4 mm) while in May and
July were above long term mean. Air temperatures were higher in al months during maize
growing season (Figure 1).
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Figure 1. Monthly amount of rainfall (mm) and average air temperatures (°C) for maize growing
seasons 2011 and 30-year mean values for the experimental site

The soil samples (0-30cm) were collected before fertilization (October 2010) and after
harvest (October 2011). The soil pH (H.O and M KCl, 1:5 v/v) were determined according to
ISO (1994), plant available phosphorus and potassum by ammonium-lactate extraction
(Egner et a., 1960) and soil organic matter content (SOM) by sulfocromic oxidation (1SO,
1998).

Yields were calculated on a 14% grain moisture basis. From each treatment, 10 cobs
were used for determination of grain moisture and grain share in cob. Grain moisture was
determined by electronic grain moisture instrument.

Data were statistically analyzed by single-factor ANOVA using SAS software (SAS
Ingtitute, Cary, NC, USA; PROC ANOVA), and the effects of liming on tested parameters
were evaluated by t-test and least significant difference (LSD) at 0.05 probability levels.

Result and discussions
The results of the residua effect of liming on the soil chemical properties before and
after growing season are shown in Table 1. The soil pH gradually raised from 5.29 by 5 t ha™*

calcite to 7.66 t ha™ on overliming plots with 40 t ha™ in the 2011. The same trend was
observed one year before. This is in agreement with results from Andri¢ et al. 2012, where is

88



Third International Scientific Symposium "Agrosym Jahorina 2012"

indicated that liming with 5 and 20 t ha* lime raised pH for 0.5 and 2 pH units, respectively.
Similar effect of liming was recorded by Kovacevic et a. 2006 and Rastija et a. 2008.

Table 1. Soil chemical properties

Liming P,O5 K,0O SOM
4 pH(Hz0) pH(KCI) :
t ha mg/100g soil %
Before growing season (October 2010)
0 5.27 4.02 79 26.0 194
5 6.12 497 84 24.0 1.74
10 6.99 6.05 9.2 23.2 1.82
20 7.86 7.04 10.2 21.8 1.67
40 8.40 7.91 9.5 19.8 1.71
After growing season (October 2011)
0 5.08 4.04 8.6 26.2 1.86
5 6.27 5.29 10.0 22.0 1.77
10 6.58 5.58 10.6 20.6 184
20 7.35 6.54 13.1 22.5 1.72
40 8.26 7.66 11.0 23.7 1.64

Liming also considerably affected phosphorus availability. The highest value of plant
available phosphorus was achieved by the application of 20 t ha™*, while the lower effect was
determined with the highest calcite dose, probably due to slightly alkaline soil reaction (Table
1). Zhang et a. 2004 and Rahman et al. 2002 reported about impact of liming on phosphorus
availability in acid soils, pointed that a moderate pH increase leads to greater phosphorus
availability, while too high doses can cause its decreasing. Available potassium content in
2011 ranged from 20.6 to 26.2 mg/100g soil.

Table 2. Maize yield and grain moisture

Liming Grainyield Grain moisture
t ha' t ha' %
0 9.24b 228 a
5 1097 a 21.3b
10 11.88a 215b
20 10.74 a 215b
40 9.10b 222a
Mean 10.38 21.8
F test >k *x
L SDo.0s 1.28 0.63

a - values followed by the same letter are not significantly different at P<0.05 level
**gignificant at P<0.01 level

The average grain moisture at harvest was relatively low (21.8%). On the control

treatment, as well as on the treatment with the highest rate, significantly higher moisture
content was found.
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Considering less favourable weather conditions during maize growing season,
satisfying mean grain yield of 10.38 t ha® was achieved (Table 2.). Liming significantly
increased grain yield on all treatments, except on the highest calcite amount, where it stayed
on the level of the control. This is probably consequence of overliming and slightly alkaline
reaction what could lead to soil nutrients imbalance and microelements unavailability.

The highest yield was attained with 10 t ha™ of lime(11.88 t ha™), and it was higher for
2.64 t ha compared to control. However, between 5, 10 and 20 t ha® there were no significant
differences, indicating that five years after [iming its positive effects are still expressed as the yields on
all treatments, except the last, were atistically significantly higher.

Conclusion

Significant liming impact on soil chemical properties and maize grain yield was
ascertained. Application of different rates of hydrated lime gradually raised soil pH from acid
to dightly alkaline reaction. Available phosphorus content was improved by higher liming
rates, but the soil is still remained at the low level of phosphorus supply, indicating that liming
of acid soil should be implemented along with rich phosphorus fertilization. Maize grain yield
was significantly higher on the all liming treatments except on the 40 t ha'*, due to overliming.
As between 5, 10 and 20 t ha' of lime there were no statistical differences, it can be
concluded that liming with moderate amount could be effective five years after application.
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Abstract

Maize genotypes show great variability in nutrients content, depending on growing
conditions. The objective of present study was to determine effects of genotype and
environment on grain yield and Fe, Mn, Zn and Cu concentrations in leaf and grain of maize
inbred lines grown on acid soil. Five inbred lines were grown in afield trial during 2003 and
2004 in the east Croatia on the very acid soil with pH (KCI) 3.9. Growing season of 2003 was
very dry and warm, while in 2004 above average rainfall was recorded. Highly significant
effect of genotype and year was observed for the grain yield. Average yield across the years
was 3.08 t ha', and it was significantly lower in 2003, due to severe drought. Higher
influence of genotype was found for microelements in leaf, while for microelements
concentrations in grain effect of year was also significant. Average microelements
concentrations (in mg kg™) were 143 Fe, 185 Mn, 47.7 Zn and 15.0 Cu for the leaf, and 30.7
Fe, 5.4 Mn, 24.5 Zn and 7.02 Cu for the grain.

Key words: maize inbred lines, microelements, acid soil, leaf, grain
I ntroduction

Adequate microelements concentrations in agricultural plants, grain or seed, is very
important for both, crops productivity and nutritive value of agricultura products. Maize
genotypes show great variability in nutrients content, depending on environmental and
growing conditions. Nutrients availability is associated with soil pH. The most microelements
essential for plants are more available in acid soils, but this could lead to some other nutrient
imbalances in plants. Important role of genotype on nutritional status of maize genotypes
grown on acid soil has been reported (Kovacevic et al., 1997; Kovacevic et a., 2004,
Antunovié et al. 2003, Rastija et al., 2010). Heckman et al. (2003) reported that nutrient
concentration in the same maize hybrid can vary considerably depending on the environment
and microelements in grain shows much higher variability than macroelements. The
microelements content in grain is a complex trait affected by a number of factors, including
genotype, soil properties, environmental conditions and nutrient interactions (House, 1999).

Significant genetic variation in grain mineral concentration has been reported among
maize inbred lines in Croatia (Brki¢ et al., 2003; Brki¢ et al., 2004; Simi¢ et al., 2004). The
objective of present study was to determine effects of genotype and environment on grain
yield and Fe, Mn, Zn and Cu concentrations in leaf and grain of maize inbred lines grown on
acid soil.
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Materials and methods

Five genetically divergent maize inbred lines, parental components of hybrids, were
grown at the location in the east Croatia during 2003 and 2004. The lines Os 84-44 (L1), Os
438-95 (L2) and Os 30-8 (L3) which are used as female parents of hybrids belong to BSSS
pool, while Os 1-44 (L4) and Os 6-2 (L5), used as male parents, are of Lancaster origin. The
field trial was conducted on a very acid distric luvisol with very low phosphorus and low
potassium, but high manganese and iron availability, whilst zinc and copper were in a
moderate range (Table 1).

Table 1 Soil chemical properties

Vear pH O”:gtatnérc mg(100 g)™* mg kg™

H,0  KCl % P0s K, Fe Mn Zn Cu
2003 5.23 3.87 155 7.50 18.46 40.12 65.72 1.60 2.30
2004 4.83 3.90 2.00 9.57 17.85 98.70 56.81 2.51 3.69

The trial was set up in a randomized complete block design in three replications. The
size of experimental plot was 8.4 m? in two rows. Usua crop management practice for maize
growing was used. Maize was sown and harvested in the optimal agrotechnical terms.

Soil samples for chemical analysis were taken before each harvest. Soil pH was
determined according to ISO (1994), organic matter by sulfocromic oxidation (1SO, 1998),
plant available phosphorus and potassium by ammonium-lactate extraction (Egner et al.,
1960), and concentrations of microelements (Fe, Mn, Zn and Cu) by absorption technique
after extraction with EDTA. The samples of ear-leaves were taken at the siliking stage. Grain
samples were made of the five randomly picked ears per plot. The concentrations of Fe, Mn,
Zn and Cu in leaf and grain were measured by inductively coupled plasma (ICP) technique
after microwave digestion with HNO3+H0..

The obtained data were statistically analysed using ANOVA firstly separately for
each year. Afterwards, combined analysis of variance was performed, considering genotype
(inbred line) and year as main factors.
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Figure 1. Monthly amount of rainfall (mm) and average air temperatures (°C) for maize growing
season 2003 and 2004 and 30-year mean values for field trial location

Wesather conditions during maize growing season considerably differed in two
experimental years (Picture 1). The 2003 was exceptionally dry and warm and tota rainfall in
the growing period achieved only 50% of the long term mean value. The main feature of
2004 was rainy April and July, but generally it was more favourable year for maize growing.

Results and discussion

The analysis of variance showed very significant (P<0.01) effect of genotype (inbred
line) on al traits, except for grain Fe concentration (P<0.05). The effect of year was also
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statistically proven for grain yield, concentration of Zn in leaf as well as for concentrations of
all microelementsin the grain. On the other hand, interaction line x year was no significant in
most cases, except for Fe, Zn and Cu concentrationsin grain.

Table 2. Grain yields (t ha®) of inbred lines over the years and significance levels for line (L) and year
(Y) effects with LSD at the 0.05 probability level

Inbred line (L) Year (¥) Mean (L)
2003 2004

L1 2.93 4.79 3.86 a'
L2 2.39 3.68 303 b
L3 2.65 5.06 3.86 a
L4 2.02 3.05 254 b
L5 1.81 2.49 215 b
Mean (Y) 236 b 38l a 3.08
F_tea * % * % * %
LSDg0s (L) 0.48 1.25 0.66
LSDgos(Y) 0.42

#Mean values followed by the same letter within each column are not significantly different at P<0.05
** - dignificant at P<0.01 level

The grain yield averaged over yearswas 3.08 t ha* and great differences among years
were found (Table 2). Much lower yield in 2003 is a consequence of severe drought and high
air temperatures during maize growing season. It is well known that inbred lines are more
susceptible to stress and that lower maize grain yield is in connection with dry and hot
summer (Kovacevic et al., 2009). Expectedly, female parental lines achieved higher yield.
The lowest yield in the both years had L5, which is used as a male component and
characteristic of high yield is not primarily important.

Table 3. Concentrations of Fe, Mn, Zn and Cu (mg kg) in leaf and grain of five maize inbred lines
averaged over two years and significance levels with LSD at the 0.05 probability level

nbred line Leaf (mg kg™ Grain (mg kg™)

Fe Mn Zn Cu Fe Mn Zn Cu
L1 143 b* 157 c 46.2b 16.7b 295a 536b 22.2c 10.7 a
L2 138b 161c 46.0b 139c 33.8a 4.22c¢c 25.1b 7.12b
L3 123b 122 ¢ 415hb 9.2d 23.8b 5.10b 216¢ 3.70c
L4 131b 269 a 65.2a 16.4 bc 321a 545hb 25.0b 7.36b
L5 180 a 218 b 39.4b 20.0a 34.4a 6.86 a 28.7a 6.25b
Mean 143 185 477 15.2 30.7 5.40 24.5 7.02
F_teg *%* *%* ** *%* * *%* ** *%*
LSDgos 22 47 7.57 2.67 6.3 0.77 2.76 2.03

#Mean values followed by the same letter within each column are not significantly different at P<0.05
* ** _ ggnificant at P<0.05 and P< 0.01 level

Regarding microelements concentrations in ear-leaf, great variability among inbred
lines was found, but even greater for concentrationsin grain (Table 3). The highest Fe and Cu
concentration in leaf had L5, while the highest values for Zn and Mn in leaf was observed for
the L4. Generally, in the both years quite high Mn leaf status was determined, what is a
consequence of low pH and high Mn availability in soil (Table 1). According to Godo and
Reisenauer (1980) manganese content in the leaves abruptly increases when soil pH drops
below 5.5. Mengel and Kirkby (2001) reported that the value of 200 mg Mn kg™ may reduce
dry matter yield, while values of 35 to 100 mg Mn kg™ in maize ear leaves consider as

94



Third International Scientific Symposium "Agrosym Jahorina 2012"

optimal (Bergmann, 1992). The both male parental lines had leaf Mn above 200 mg kg™
However, although two years differed regarding growing conditions, year effect wasn’t
significant for microelements in leaves, except for the Zn. In the more favourable 2004
growing season, higher Zn concentration was found (Table 4) and it was in the optimal range.
The greatest variability among lines was determined for the Cu concentration, as it wasin the
wide range from 9.2 to 20.0 mg kg™.

Table 4. Mean values for concentrations of Fe, Mn, Zn and Cu in leaf and grain of five maize inbred
lines across the years and significance levels with LSD at the 0.05 probability level

Vear Leaf (mg kg™) Grain (mg kg™)

Fe Mn Zn Cu Fe Mn Zn Cu
2003 146 194 440 b* 152 372 a 580 a 255a 103 a
2004 140 176 51,3 a 15,2 242 b 500 b 236 b 37b
Mean 143 185 477 15,2 30,7 5,40 24,5 7,0
F_teﬁ ns ns ** ns ** *%* * *%*
LSDgos 4,79 34 0,49 1,74 1,29

# Mean values followed by the same letter within each column are not significantly different at p<0.05
* ** _ gignificant at 0.05 and 0.01 level respectively, ns - not significant

Unlike the leaves concentrations, growing year considerable affected micronutrient
grain status, especially copper, whose concentrations was almost three times higher in the
first year (Table 4). Overal, higher values for all tested microelements was recorded in 2003,
what can be attributed to concentration effect i.e. reverse dilution effect due to lower grain
yield and lower carbohydrates accumulation in dry growing season. Microelements
concentrations in grain are often in the negative correlation with grain yield (Banziger and
Long, 2000) and depend on the content in a vegetative tissue and on the efficiency of
translocation, both of which may be under genetic control (Bouiset a., 1999).

Inbred lines were clearly differentiated by concentrations of micronutrients in the
grain. The highest grain Mn and Zn content again were determined in L5, male component of
hybrid. Brkic et al. (2003) also found the highest Zn concentration in grain of genotypes that
included this line as a parent, indicated importance of inheritance for grain nutrient contents.
Commonly, maize grain contains small amount of manganese and the average value of 5.40
mg Mn kg* is in the norma range, athough quite high concentration in leaves were
observed. On the contrary, between Zn concentration in leaf and grain is much smaller
difference than in Mn (Table 3), due to more efficient translocation of Zn into the grain
(Pearson and Rengel, 1994). Unlike other microelements, whose concentration in the grain
was highest in L5, the highest Cu value in the grain was determined in L1, femae parent,
suggesting the specificity of this genotype for Cu accumulation.

Conclusion

The study showed that the both, year and genotype significantly affected maize grain
yield and grain Fe, Mn, Zn and Cu concentrations, while on leaf microelements concentration
higher influence had genotype. In hot and dry growing season the microelements grain
content was higher due to lower yield. Considerable variability for micronutrient statusin leaf
and grain of maize inbred lines was determined, although only five genotypes were included.
It seems that independently on higher Mn availability in acid soil and its greater accumulation
in leaf, Mn content in the grain remains relatively low. Generaly, male inbred lines had
higher microelements concentrations in leaf and grain. However, the highest Cu
concentration in grain had one female parental line, suggesting on some genetic specificity
for higher Cu accumulation.
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Abstract

Although breeders have amost unlimited access to diversity of maize germplasm,
economic aspects and competition among seed companies impose a broad use of one or a
small number of the first-ranked hybrids. Monitoring the genetic diversity available to farmers
is important, because plant breeding practices, the registration procedures, and the marketing
of new varieties can cause potential genetic erosion and consequently a potential increased
genetic vulnerability of cultivated varieties. It is estimated that approximately 3000 inbreds in
the hybrid combinations are annually tested at the Maize Research Ingtitute (MRI), Zemun
Polje. Nevertheless, each year, only one to two hybrids enter the commercial production.

The assessment of the genetic diversity that exists in the available germplasm is
fundamental in the improvement of agricultural plants. Within the MRI gene bank collection a
specia attention is paid to former Yugoslav landraces (2217), which could be a source of
early maturity, bigger ear length, a greater number of kernel rows, larger kernel length and
greater kernel weight. Moreover, they can be a source of natura resistance to diseases, pests
and abiotic stress or a source of different specific traits. Recently, studies carried out at the
Maize Research Institute, Zemun Polje, have been done on the following properties of
collected germplasm: tolerance to drought, tolerance to herbicides, new sources of cytoplasmic
male sterility (CMS) and new sources for increasing the content of available phosphorus in maize
kernds.

Keywords. genetic erosion, landraces,maize hybrids, new variability
I ntroduction

Maize, as a cultivated crop, unlike wheat or rice has no obvious wild relative.
Therefore, the development of maize, as a cultivated species, has been a mystery for such a
long time. Today, one annual Mexican teosinte is considered the direct ancestor of today's
maize. In the process of domestication, the artificial selection through the rapid phenotypic
transformation of wild grass teosinte (Zea mays ssp. parviglumis) has led to the development
of the modern maize plant (Zea mays ssp. mays). Although, modern maize breeders have
achieved enormous Yyield increase in the process of the development of hybrid species, the
maize development by Indians remains the greatest breeding accomplishment (Beadle 1980).
In the period of several millennia prior to the arrival of Colombo, natives used to cultivate all
more important forms of maize. These forms exist even today.The process of domestication
itself has resulted in a certain loss of maize diversity.Based on nucleotide polymorphism this
loss has been estimated to approximately 30% (Goloubinoff et al., 1993; Hilton and Gaut,
1998). Regardless of a certain loss of diversity, maize is a species that is characterised with
tremendous morphological and biological diversities. Maize is distributed from 58° north
latitude through moderate, subtropical and tropical regions down to 40° south latitude. In the
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region of the Andes it grows up to 1016 m above sea (Grant et a. 1963). From the aspect of
the conservation of maize diversity, maize is one of the best conserved field crops. It is
estimated that the plant gene banks worldwide encompass more than 60,000 accessions.

With the discovery of the New World, maize has quickly become a crop of the
essential importance for people who previously were not familiar with such a species. The
European maize growing regions, including the territory of the former Yugosavia, had
especially favourable conditions for the growth and development of maize. The development
and the improvement of this crop in our regions have, to alarge extent, kept up with the maize
improvement in developed countries, particularly in the USA. Hybrids have eventually taken
priority over other maize typesin the commercia production. On the other hand, attention has
been paid to conservation and preservation of old landraces with the aim to conserve the
diversity of the species (Babic et al., 2012b). The rapid replacement of local varieties by
hybrids makes it imperative for the European material to be collected and preserved before
this irreplaceable germplasm source is lost (Edwards and Leng, 1965). Therefore, the Maize
gene bank has been established within the Maize Research Institute, Zemun Polje.

Although breeders have ailmost unlimited access to diversity of maize germplasm, the
system that delivers the products of plant breeding reduces the diversity of cultivated hybrids
leading to an increased genetic vulnerability. The principal problem arises from the use of
homozyogous inbreds as parental components of hybrids. If a certain single-cross hybrid is
more superior (more yielding) than another single-cross hybrid, economic aspects and
competition among seed companies impose a broad use of one or a small number of the first-
ranked hybrids.

In the second phase of hybrid breeding, new inbreds were primarily developed by a
second cycle of breeding from crosses among €elite inbreds within heterotic groups. Moreover,
outstanding elite lines were shared as parents of different commercial hybrids. In combination
with intensive selection this is expected to result in areduced genetic diversity in the breeding
pools but even more seriously in the hybrid varieties grown by farmers. The risk of genetic
erosion does not only depend on plant breeding practices but also on the system that delivers
the final products of plant breeding to the market. This includes the regulations to register new
varieties and the marketing of registered varieties. Statutory testing of new varieties is
required to register them on the national lists (VCU, DUS-UPOV). Afterwards, their
acceptance by farmers depends on the amount and quality of the marketing effort of breeding
companies but also on further series of voluntarily recommended lists based on regional trias.
Conseguently, only afew of the registered varieties are grown on alarge scale.

There is another sector, which at first glance, has nothing to do with the decrease of
genetic variability of maize, while in fact is very important. Namely, the situation within
maize breeding has drastically changed during the last 50-60 years in relation to the
participation of the private and public sectors in maize breeding. Public sector breeders
developed many inbreds through the 1980s. Today, maize breeding is dominated by the
private sector. Why is it important, from the perspective of cultivated maize varieties, that
there is public breeding? Genetic diversity is the "raw material” of selection and is critically
important to maintaining long-term selection progress. The continuing development of an
expended germplasm base is a natura role for the public sector.Education of future plant
breeders is the most frequently cited role of public maize breeding programs. Secure long-
term financia support for genetic resource conservation is fundamentally important. 1t would
be a catastrophic error of monumental proportions if genetic resources that could be more
effectively identified and accessible in the future as complex genetics are increasingly well
understood have in the meanwhile been left to disappear or to die.
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Trendsin genetic diversity among maize cultivars

Detalled information about a reduction in genetic diversity could help to emphasize
the importance of identifying germplasm sources for broadening the €elite breeding pools.
Therefore, this issue is a goa of significant genetic studies not only in the USA but also in
Europe.Upon maize introduction to the countries of the Old Continent, two events in the
recent history of maize breeding had a mgjor impact on the genetic diversity among and
within cultivated varieties in Central Europe (Reif et a., 2005). First, the transition from Open
Pollinated Varieties (OPVs) to hybrids occurred in the 1950s. Second, during the 1980s there
was a shift in cultivation of top- or double-cross hybrids to three-way or single-cross hybrids.
With advent of first maize hybrids, in 1933 in the US and around 1950 in Europe, maize
cultivation has undergone a complete change. Numerous open-pollinated landraces adapted to
specific regions were substituted by a limited number of hybrids bred from a large genetic
basis. Today, the main hybrids cultivated in the world involve a restricted number of key
inbred lines. Therefore, genetic diversity of those cultivars is aimost certainly limited in
comparison to the large genetic diversity available in gene banks (Le Clerc et a., 2005).

American breeders were aready concerned by the genetic diversity among their maize
hybrids after the Southern corn leaf blight of 1970 (Williams and Hallauer, 2000).
Unfortunately, contemporary agriculture caused the cultivation of a very limited number of
the most yielding hybrid varieties on very large areas. The series of studies carried out during
the 1970s (Sprague, 1971; Zuber, 1975) pointed out to a broad use of a small number of
public inbreds in the seed production of certified seeds. Maize breeders want to be assured
that the genetic base of their hybrid varieties has not become too narrow to face unexpected
environmental stresses. Therefore, in the process of maize breeding, great efforts have been
made to broaden the genetic base of the materia that has been offered to the market. Hallauer
et al. (2010) have estimated that approximately 18.000 inbreds were tested in the USA during
each year, i.e. 720,000 from 1939 to 1979. The number of self-pollinated, improved and
selected inbreds to be tested probably amounts to a million. However, the majority of these
inbreds are genetically related. These studies indicate that probably one of the 10.000 S, and
S; tested inbreds finally ends up in the commercial production. So, although breeders are
trying to develop and test a large number of inbreds (either in public or private sector), the
frequency of the development of new, unique inbreds in the commercia senseis very low. A
guite separate issue relates to recycling elite inbreds through pedigree selection.

It is estimated that approximately 3.000 inbreds in the hybrid combinations are
annually tested at the Maize Research Institute, Zemun Polje. Thirty to forty out of the tota
number of hybrid combinations (i.e. 50-60 inbreds) are tested by the Variety Release
Committee. Based on VCU tests, 10-20 hybrids, on average, are annually released (included
those entered into the national list). Each year, only 1-2 out of this number of hybrids enter the
commercia production after tests carried out in post-official production trials.

In the Europe, in the initia stage of the hybrids development, as a promising heterotic
pattern, high yielding US dent lines were crossed with adapted European flint lines. The
steady influx of dent germplasm from North America to Europe has continued over past 50
years. In contrast, the parental flint inbreds were developed by selfing from a few European
open-pollinaded varieties such as Lacaune, Lizagaraute, Gelber Badischer Landmais and
Rhentaler (Messmer et al., 1992). A total of 55 SSR markers was used by German researchers
(Reif et a., 2005) when they observed five distinct Central European UPV varieties, 85
hybrids and their parental components. Genetic variation within and among varieties
decreased significantly during the five decades. The five OPVs contain numerous unique
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aleles that were absent in the elite flint pool. Consequently, OPVs could present useful
sources for broadening the genetic base of elite maize breeding germplasm. Therefore, it can
be conjectured that 1) a bottleneck occurred in the flint pool during the transition from OPVs
to hybrids and 2) OPVs, which did not serve as a germplasm source for the origina flint
inbreds, contained untapped allelic variation useful for future breeding progress.

The group of French scholars (Le Clerc et a., 2005) have quantified genetic diversity
among modern and historical maize varieties (133 hybrids during the last five decades) with
51 SSR markers. The analysis of molecular variance showed that the variation among periods
represented only 10% of the total molecular variation. However, the differentiation among
periods, athough low, was significant, except for the last two periods. Their results showed
that the genetic diversity has been reduced by about 10% in the maize varieties bred before
1976 compared to those bred after 1985. The very low differentiation observed among
varieties of the last two decades should alert French maize breeders to enlarge genetic basisin
their variety breeding programmes.

A modern maize breeding programme based on the inbreeding-hybridization concept
was established at the Maize Research Institute, Zemun Polje in 1953. Since then, the main
objective in the breeding programme has been the development of maize hybrids with a
superior potential for high yields and high quality of grain. Many generations of breeders,
genetics, phytopathologists, entomologists, and physiologists have greatly contributed to
achieved accomplishments (Drinic, et a., 2007). The development of the first ZP maize
inbred lines from three local open-pollinated varieties (Vukovarski Dent, Rumski Golden
Dent and Sidski Dent) started at the Maize Research Institute in 1953. Stojkovic, (1955)
citing the original scientific paper written by FlajSman, has stated that all Ruma material,
from which all varieties mentioned were derived, had originated from a parental ear (ear
number 122 from the year 1909). What this fact may mean in terms of genetic diversity is a
big question.Furthermore, the significant amounts of the following inbreds were imported in
the former Yugodlavia in the 1953-1956 period: WF9, 38-11, Hy, Oh7, L317, W32, W22,
W117, M14, N6, A374, A375, W153R, W37A, K148, K150, C103. Some of these inbreds
considerably affected the future breeding programmes. The inbred C105, imported at the end
of the 1950s, had a particular importance. It was used as atester and a male component of the
majority of single cross hybrids of the first cycle of selection (ZPSC 1, ZPSC 3, ZPSC 4,
ZPSC 6 and NSSC 70). It has to be emphasised that due to this import, germplasm was
significantly introduced from the US Corn Belt to the regions of the former Y ugoslavia (Babic
et a., 2012). Ivanovic et a. (2002) have singled out four inbreds originating from landraces
that significantly affected breeding programmes in our institutes: NS796 - from Vukovarski
Yellow Dent, R70Z from the Rumski Golden Dent variety; NS568 - developed by pedigree
selection from the cross of one inbred of the BSSS origin to the adapted material from the
Pannonian Plain and ZPPE25-10-1 - derived by pedigree selection from the cross of one
inbred of the Lancaster origin and the inbred ZPPE25-10 developed from the Pecki Yellow
Dent population. These inbreds were components of the leading commercial hybrids: NSSC
70, ZPSC 463, NSSC 640 and ZPSC 677, while some of them are still present in the market
because consumers want them even now. It is estimated that these hybrids together with
another five hybrids (until 2002 when these data were published) were grown on
approximately seven million hectares, which was the overall five-year maize production on
the areas of the former Y ugosavia (Ivanovic et al., 2002).

Rumski Dent has been very popular in neighbouring Hungary. Hadi (2005a) states that
this variety was grown on ailmost half the maize-growing area in Hungary for 30 years (1925-
1955). The varieties derived from the parental plant Ruma 122 were known in Hungary under
names'F" Early Yellow Dent and "F" Mcz6hegyes Yellow Dent and latter was also popular in
Yugoslavia under the name Novosadski FlajSman. Furthermore, these varieties had a

100



Third International Scientific Symposium "Agrosym Jahorina 2012"

significant role in the latter period of the development of self-pollinated inbreds and hybrid
varieties in Hungary. The Caribbean Flints (introduced from Spain by the Turks in the
16"century) dominated maize production for nearly four hundred years. In the early 19"
century these genetic stocks of the Caribbean origin were supplemented by Andean popping
maize (Chutucuno Chico, Chutucuno Grande), introduced from Italy and to a lesser extent by
Northern Flints (Pennsylvania 8-row). Under the influence of the American maize exhibition
in the 19" century, Southern Dents (especially Gourdseed, but also Shoepeg, Hickory King
and Tuxpan) and Corn Belt Dents (Queen of the Prairie, lowa Goldmine, Leaming, Funk
Yellow Dent) gained ground in Eastern Central Europe. These varieties were crossed to
already grown flint varieties, and new varieties were devel oped, which then dominated maize
production in the first half of the 20" century. As aresult of hybrid maize breeding in Eastern
Central Europe, two distinct gene pools were developed: Ruma and Mindszentpuszta (MY D)
heterosis sources (Hadi, 2005b). Locally developed maize varieties, which have a background
quite different from those developed in the North American Corn Belt, could, after suitable
breeding, enrich the available sources of heterosis (Hadi, 2006). In their studies, Radovi¢ et al.
(2000) and Vancetovic¢ et al. (2010) have pointed out to the existence of a new heterosis
source in this material, which certainly has opened up the possibility for the improvement in
contemporary breeding under conditions of temperate climate.

In Maize Research Institute, Zemun Polje, studies have been carried out to determine
how much temporal cycles of selections differed in terms of genetics and what was happening
with variability of materials originating from different cycles of selections. For the purposes
of this research, 30 maize hybrids have been selected (six from each cycle) developed at the
Maize Research Institute, Zemun Polje, which were typical representatives of the five periods
of selection and widely grown. Genetic characterisation has been done by the use of RAPD
markers. Although the tested hybrids were grouped into five clearly separated sub-clusters on
the basis of the cluster analysis, the results of the discriminant analysis, indicate that the
discrimination between groups is not strong, especialy of the third and fourth clusters. The
conclusion based on the results of three statistically analyses is that in genetic terms there are
three different selection cycles. The distinction between the first and the second temporal
cycles of selection isthe move from four to two-line hybrids, while in the case of the third and
the fourth temporal cycle of selection there is achange of parental pairs and no introduction of
new genetic material. The fifth cycle is clearly separated, and this is in agreement with
pedigree information, which indicates that at that time exotic germplasm and lines from new
heterotic groups were introduced (Babic et a., 2009).Within the same studies, genetic
variances of selection cycles were estimated on the basis of the RAPD analysis by
parameterization of binary data. The comparison of genetic variances of different selection
cycles shows that there were no differences in variability of hybrids over cycles, i.e. that the
decrease/increase of variability did not occur over cycles of selection (Eric, 2004).

Conclusions

Monitoring the genetic diversity available to farmers is important, because the system
that delivers the products of plant breeding and agricultural practices reduces the diversity of
cultivated varieties leading to an increased genetic vulnerability. The assessment of the
genetic diversity that exists in the available germplasm is fundamental in the improvement of
agricultural plants. Recently, studies carried out at the Maize Research Institute, Zemun Polje,
have been done on the following properties of collected germplasm: tolerance to drought,
tolerance to herbicides, new sources of cytoplasmic male gerility (CMS) and new sources for
increasing the content of available phosphorusin maize kernels (Babic et al., 2012; Vancetovic et
al., 2009). A specia attention is paid to former Yugoslav landraces, which could be a source
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of early maturity, ear length, a greater number of kernel rows, kernel length and kernel
weight. Moreover, they can be a source of resistance to diseases, pests and abiotic stress or a
source of different specific traits. The formation of a core collection tolerant to drought isin
progress.

Although some efforts have been made, attention paid to the improvement of landraces
has not been adequate, hence, they, in terms of modern breeding, eventualy lost in
importance. In what way and how much available variabilitywill be used largely depends on
work and fundsto be invested in long-term breeding programmes.
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Abstract

Sweet corn (Zea mayssaccharata Sturt.; the hybrid ZP 424su of FAO 400 maturity
group) was grown for two growing seasons (2011 and 2012) on dlightly calcareous
chernozem (locality Zemun Polje) after winter wheat as a previous crop. The cover crops
were as follows: a= Vicia sativa L., b= Vicia vilosa Roth., ¢ = Pisum sativumssp. arvense L.,
d = organic malch, e = conventional system. The experiment was in factorial setting with two
factors (A = growing season, B = cropping system) the factor in RCBD with four replicates
(the basic plot 16.8 m?). Because of extremely unfavorable weather conditions of the 2012
growing season (drought and hot stress: precipitation in July-August 43 mm accompanied
with 26.7 °C mean air-temperature), maize yield was realized only in the first year of testing.
Depending on the treatment, yields of sweet corn in 2011 were from 8.09 t ha* (conventional
system) to 10.00 t ha™* (organic malch).

Keywor ds.cover crop; organic farming; yield of grain; sweet corn
I ntroduction

Cover crops are crops grown for managing soil fertility, soil quality, water, weeds,
pests, diseases and for increasing biodiversity in agroecosystem (Lu et al., 2000), which isthe
key role of sustainable and organic farming system.

Cover crops improve the sustainability and quality and sustainability of both natural
systems and agroecosystems. Farmers choose the kinds of cover crops on the basis of their
needs and goals, influenced by biological, social, cultural and economic factors (Snapp et al.
2005). Legume cover crops are typically rich in nitrogen and are often able to provide the
exact amount of nitrogen required for crop production. In conventiona farming system, this
nitrogen is usually introduced into the soil in the form of chemical fertilisers. This property of
cover crops is caled a fertiliser replacement value (Thiessen-Martens et al., 2005). Some
scholars (Bohlool et al. 1992; Peoples and Craswell 1992; Giller and Cadisch 1995) consider
that the extended biological nitrogen fixation achieved by growing cover plants is the only
aternative to industria nitrogen fixation in terms of maintaining and increasing food
production in the future. Industrial nitrogen fixation has been criticised as an unsustainable
source of nitrogen for the production of food due to its reliance on fossil fuel energy and
environmental impacts associated with the use of chemical fertilisers in agriculture ( Jensen
and Hauggard-Nielsen 2003).

At the same time with the introduction of nitrogen in agroecosystems through
biological nitrogen fixation, there are some sorts of cover crops, known as "catch crops” that
can retain and recycle nitrogen, which is aready present in the soil. These crops use excess of
nitrogen that is left over after the fertilisation of the previous crops, preventing its loss
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through leaching, denitrification or evaporation (Thorup-Kristensen et al., 2003). Catch crops
are usually fast-growing annual types of wheat adapted to efficiently collect available soil
nitrogen (Ditsch and Alley, 1991).

Cover crops can also improve soil quality by increasing soil organic matter levels
through the input of cover crop biomass over time. Increased soil organic matter enhances soil
structure, as well as the water and nutrient holding and buffering capacity of soil (Patrick et
al., 1957).It can also lead to increased soil carbon sequestration, which has been promoted as
a strategy to help offset the rise in atmospheric carbon dioxide levels (Sainju et al., 2002, Lal,
2003).

Although cover crops can perform multiple functions in an agroecosystem
simultaneously, they are often grown for the sole purpose of preventing soil erosion. Dense
cover crop stands physically slow down the velocity of rainfal before it contacts the soil
surface, preventing soil splashing and erosive surface runoff (Romkens et al., 1990).
Additionally, vast cover crop root networks help anchor the soil in place and increase soil
porosity, creating suitable habitat networks for soil macrofauna (Tomlin et al. 1995). Erosion
control, cover crops, improving the speed and volume of water that passes through the topsoil
layer, which can decrease the salinity of the soil and how soil pollution and water courses.

Just before cover crops are killed (by such practices including mowing, tilling,
discing, rolling, or herbicide application) they contain a large amount of moisture. When the
cover crop is incorporated into the soil, or left on the soil surface, it often increases soil
moisture. In agroecosystems where water for crop production is in short supply, cover crops
can be used as a mulch to conserve water by shading and cooling the soil surface. While cover
crops can help to conserve water, especially in years of deficient rainfall, may also affect the
drying if too much moisture from heavy rain during the winter.

Thick cover crop stands often compete well with weeds during the cover crop growth
period, and can prevent most germinated weed seeds from completing their life cycle and
reproducing. If the cover crop is left on the soil surface rather than incorporated into the soil
as a green manure after its growth is terminated, it can form a nearly impenetrable mat. This
drastically reduces light transmittance to weed seeds, which in many cases reduces weed seed
germination rates (Teasdale, 1993). Some cover crops suppress weeds both during growth and
after death (Blackshaw et al., 2001), and in addition to competition-based or physical weed
suppression, certain cover crops are known to suppress weeds through allelopathy (Creamer
et al., 1996, Singh et al., 2003). This occurs when certain biochemical cover crop compounds
are degraded that happen to be toxic to, or inhibit seed germination of, other plant species.
Some well known examples of allelopathic cover crops are Secale cerealel. (rye), Vicia
villosaRoth. (hairy vetch), Trifolium pratenseL. (red clover), and species in the Brassicaceae
family, particularly mustards (Haramoto and Gallandt, 2004). In one study, rye cover crop
residues were found to have provided between 80% and 95% control of early season
broadleaf weeds when used as a mulch during the production of different cash crops such as
soybean, tobacco, corn, and sunflower (Nagabhushana et al., 2001).In the same way that
allelopathic properties of cover crops can suppress weeds, they can also break disease cycles
and reduce populations of bacteriad and fungal diseases (Everts 2002), and parasitic
nematodes (Vargas-Ayaaet al., 2000). Species in the Brassicaceae family, such as mustards,
have been widely shown to suppress fungal disease populations through the release of
naturally occurring toxic chemicals during the degradation of glucosinolade compounds in
their plant cell tissues (Lazzeri and Manici, 2001).Some cover crops are used as so-called
"trap crops’, to attract pests away from the main crop of value and toward what the pest sees
as amore favorable habitat (Shelton and Badenes-Perez, 2006).

The consequence of all these positive aspects of growing cover crops is the indirect
effect on increasing the yield of crops that are grown after them on arable land. The
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combinations of main crop and cover crop were based on a combination of legume and non-
legume.This was specially achieved with the oats—vetch mixture as maize preceding cover
crop and with grasses as soybean preceding crops (Restovichet al., 2012). Uchino et al.,2009
found that the largest increase in soybean yield determined if the cover crops were rye and
corn following hairy vetch. However, the cover crop sowing time is very important for
achieving high yields of major crops, especially corn. So in treatments where cover crops
actions for spreading the 20 or so days after sowing maize main crop recorded the highest
grain yield. Hiltbrunneret al., 2007 found that the growing of cover crop from August to
planting winter wheat in October had a very positive impact on the quality of planting, weed
and later on grain yield per unit area.

The aim of this study was to evaluate the impact of different types of growing winter
cover crops on yield of sweet maize from traditional cultivation of this crop with conventional
practice.

M aterials and methods

The experiment included three kinds of winter cover crops in the family Fabaceae, a
variant in which the land was covered with dead organic mulch and traditional, classica
variant-plowing in the fall and land bare, uncovered during the winter. Investigated types of
winter legumes (common vetch and hairy vetch, and field pea) varieties belonging to Novi
Sad (Neoplanta,NS Vilosa and Pionir). Crops are grown in rainfed conditions.

Field experiments were conducted in 2010/11 and 2011/12 at Maize Research Ingtitute,
Zemun Palje, in the vicinity of Belgrade (44°52'N 20°20'E). The soil was dightly calcareous
chernozem with 47% clay and silt and 53% sand. The soil properties at 0-30-cm layer were
3.22% organic matter, 0.19% total N, 1.9% organic C, 16.2 and 22.4 mg per 100 g soil of
available P and extractable K, respectively, 1.38% total CaCO3 and pH 7.3. The experiments
were located in different fields in each year and winter wheat was the previous crop. Plant
nutrition and nitrogen fixation in legumes, we came up to the required amount of
macronutrients for sweet corn (120 kg ha™* N, 90 kg ha* P,Os and 60 kg ha® K,0 ). In the
fall, before planting of cover crops have entered the entire amount of P and K in the form
monopotassium phosphate and 50 kg ha® N in the form of ammonium nitrate, and the two
control variants, also al of P,0s i K,0 and 40 kg ha* N in the form AN.In the spring (April 07
2011 and April 09 2012) is a leguminous cover crops added another 30 kg ha™* N in the form
of AN (for the remaining 40 kg ha* is considered to be provided nitrogen fixation), and
control plots another 80 kg ha® N, aso in the form of AN. The experimental area was
ploughed in autumn, followed by one pass of a disk harrow and a field cultivator prior to
sowing.

Table 1. Average monthly air temperatures and monthly precipitation sums from April to September at

Zemun Polje

Temperature (°C) Precipitation (mm)
Months 2011 2012 2011 2012
April 14.6 14.4 11 67
May 17.3 17.9 63 128
June 224 24.6 40 14
July 24.1 27.1 107 39
August 24.7 26.2 9 4
September 23.2 22.0 49 31
Average/Sum 21.1 22.0 279 283
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Sowing cover crops is carried out manually, October 10 2010 and October 14 2011 ,
and measuring and cutting the above-ground biomass of cover crops was performed 7-10 days
before planting sweet maize. Planting of the main crop, after the production of seedlings, was
the May 26 2011, and May 212012 year. Crops were harvested 22-24 days after pollination,
in 2011 harvest was performed on August 18. and because of the extreme conditions of
drought and high temperatures in the growing season 2012th there was a crop failure. The
climatic conditions during the maize growing season were presented in the Table 1.

Experimenta design

The experiment was in factorid setting with two factors in RCBD with four replications.
Sweet corn was sown in densities: 65.000 plants ha* The inter-row distance was 70 cm for all
plant densities, while the within-row plant distance was 22 cm. The two new Zemun Polje (ZP)
sweet corn hybridsin FAO 400 maturity group ZP 424su. The main plot size was 16.8 m* (2.8 m
by 6.0 m).

Measurements and statistical analysis

All earsin two inner rows of each subplot were harvested and weighed directly from the
field, 25 days after slking. Furthermore, a shelling percentage, as a kernel weight to cob
weight ratio, was determined in a sample of 10 randomly selected ears.

The yield data were underwent to ANOVA for the factoria trials set up according to
the plan for two years, five variants, and differences between means were tested by the least
significant difference (LSD) test (Gomez and Gomez, 1984).

Results and discussion

Results of yield of grain and shelling of sweet corn in the investigated sample are
presented in Table 2. Meteorological conditions in the investigated years were extremely
unfavorable (Table 1), both leguminous cover crops, and for maincrop — sweet corn. Yields
above-ground biomass of cover crops were higher in 2011. year, and of the crop species
significantly highest yields are obtained by growing pea in both years (Table 2). At least
abcive ground biomass yields are achieved by growing winter common vetch (34.6 and 33.9 t
ha-).

Anayzing the yield of sweet corn was determined that he was not positively
correlated with the yield of above ground biomass of cover crops. The highest yield was
obtained in the variant with dead organic mulch (10.00 t ha), primarily due to the fact that
for its decomposition was significantly more time alone and the planting of corn was thus
greatly facilitated. The lowest yield was obtained following the traditional cultivation (8.09 t
ha-1). In addition, at least achieved yields probably the balance of nitrogen in the soil after
harvest, at least, will be a subject of a subsequent paper. Yield of sweet corn in the study year
were below average yields in similar experiments (Simic et al., 2012), and the reason is
mainly in the way of growing this crop. Specifically, in order to meet the goal of preserving
the land and cover crops to enable it to adhere to the land, we decided to planting sweet corn
from previously produced seedlings. However, the weather conditions in which they were the
2012th years, this method of cultivation have failed despite the fact that at the time of planting
moisture conditions were highly favorable (Table 1).It is a known fact that agronomic plants
from seeds are generaly quite resilient, how to extreme drought conditions, and the
conditions of high air temperatures during the growing season.The estimates of the shelling
percentage were at level for observed hybrid. The hybrid has been the best seller for years
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among ZP sweet maize hybrids, and arecent result of breeding of maize hybrids with specific
properties of increased sugar.

Table 2. The growing season and cropping system effects on yield and shelling
The growing season (2011 and 2012) and cropping system

effects

Cropping system Yidd (t ha')** Percent

ABCC Sweet corn (SC) SC Shelling

2011 2012 2011 2012 2011 2012

Vicia sativa L. 34,6 33,9° 8,84 - 62,58° -
Vicia villosa Roth. 368 359* 9,08 - 74,69° -
Pisum sativum ssp. arvense L. 40,1° 39,7° 9,55 . 67,82% .
Organic mulch - - 10,00 - 68,097 -
Conventional system - - 8,09% - 60,79 -
Average 37,2 36,5 9,29 - 66,79 -

*P=0.05; Vdues of meansfollowed by the same letter are not significant;
** ABCC = above ground biomass of cover crops

Conclusion

Meteorological conditions during the trial had an important impact on all the cropping
systems. Perceived benefits of the alternative technology over conventional in terms of grain
yield of the main crop. This breeding system is extremely important for the appropriate
management of weeds for long-term weed control in organic agriculture. Sinceexamination of
weeds was not included in this study, particulare research should be continued and focused it
the direction of precise examination of the floristic composition of weed sinuzya depending
on the cropping system of sweet corn.
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Abstract

Soil organic matter (SOM) has many environmental functions and it can be a
considered as important indicator of soil quality. The changes in soil organic carbon (SOC)
stock can occur following land use or land management change or with climatic change.
RothC model is one of the most used model for the prediction of changes in SOC stock on
agricultural soils. The efficiency of RothC model was tested to predict the dynamic of SOC
stock during 20-year period (1991-2010) on a long term experiment. The obtained results
showed 10% in SOC stock loss both on the fertilizer and unfertilized plots, and 30%-45% loss
compared with 1940-50, respectively. The RothC model was found sufficiently sensitive to
the parameters of long-term experiment and can be successfully used in similar agroecological
conditions.

Keywords: Soil organic matter, Roth C model, crop residues, RMSE
Introduction

Soil organic matter (SOM) is the most often reported characteristic of a long—term
experiments and can be identified as an valuable indicator of agroecosystem development
within the specific agroecological conditions and agricultural practice (Korschens, 2004).
Therefore, evauation of SOM may provide crucial information for sustaining soil quality and
agroecosystem health (Birkas, 2008). The maintenance of site-specific SOM content is a
prerequisite for a protection of soil function and can be identified as a most important attribute
of agroecosystem agronomic sustainability (Reeves, 1997). Likewise it is important to
indentify vulnerable areas exposed to serious SOM loss due to intensive agriculture or natural
causes. Numerous studies showed decline in organic matter content with tillage, insufficient
fertilization and crop residue removal and burning (Dalal and Mayer, 1986; Manojlovi¢ et al.,
2008). The changes of SOM in Serbia were observed both on the national level (LiCina et al.,
2011) and also in Vojvodina Province (Sekulic et al., 2010). Preservation of SOM is a long-
term process and includes both monitoring and predicting changes of SOM trends. The
assessment of SOM change in the future was recognized as important tasks in the process of
SOM protection. There are severa types of models for the estimation of SOC stock (SOMM,
ITE, Verberne, RothC, CANDY, DNDC, CENTURY, DAISY, NCSOIL). RothC and
CENTURY are two of the most widely used and tested SOM models. RothC 26.3 (Colleman
and Jenkinson, 2005) was originally developed and parameterised to model the turnover of
organic C in arable topsoils from the Rothamsted Experiments. RothC-26.3 was tested in long
term experiments on a range of soils and climatic conditions in Western and Central Europe,
with detailed descriptions of the sites conditions and treatments (Coleman et a. 1997; Falloon
and Smith 2002) The aim of this paper was to evaluate SOM content in the top soil after
winter wheat at the long-term experiment on Chernozem, and examine RothC 26.3 model in
prediction of SOM change in continuous cropping under conventional tillage practice.
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Material and methods

The present study was performed on a long-term experiment (LTE) “Plodoredi”
carried out at the Rimski Sangevi Experimental Field of the Institute of Field and Vegetable
Crops in Novi Sad. The trial was located at the southern border of Chrenozem zone of the
Panonian basin. For the purpose of this study SOM was accessed in the winter wheat based
cropping systems. The study treatments were as follows: fertilized 3—-year crop rotation
(wheat—-maize-soybean) D3; fertilized 2-year crop rotation (wheat—-maize) D2; fertilized
wheat monoculture MO; unfertilized 3-year rotation (wheat—-maize-soybean), N3 and
unfertilized 2-year rotation (wheat—-maize) N2. The unfertilized treatments were established
1946/47, and fertilized in 1969/70. Conventional tillage practice including moldboard plough,
harrow disc, and cultivator was performed every year. Harvest residues were incorporated by
ploughing after 1988. Winter wheat sowing was done in October (20-30. X) with seeding rate
of 250-270 kg ha. During the observed period leading wheat and soyabean varieties and
maize hybrids were grown and dital description of the trail can be found in MiloSev (2000).
The amount of crop residue was calculated according to obtained yield (Bolinder et al., 2007).

RothC 26.3 (Colleman and Jenkinson, 2005) was originally develop from Rothamsted
Long Term Field experiments data. The RothC 26.3 model was previoudy tested in the
agroecological area of long-term experiment. The study period was from 1991 to 2010,
subsequent to experiment was subjected to changes in cropping technology. The model
requires three types of data: (@) Climatic data — monthly rainfall (mm), evapotranspiration
(mm) and average monthly mean air temperature (°C); (b) Soil data— clay content (%), inert
organic carbon (IOM ), initial SOC stock (t C ha'®), depth of the soil layer considered (cm) c)
Land use and land management data — soil cover, monthly input of plant residues (t C ha™),
monthly input of farmyard manure (FYM) (t C ha!), residue quality factor (DPM/RPM ratio)
and d) climatic data. Model performance was evaluated using the following indices. Root
mean square error (RMSE), Coefficient of correlation (r), Mean difference (M) and Relative
error (E). After Loague and Green (1991), the total difference between the simulated
(predicted) and the measured values were calculated as the RMSE. The statistical significance
of RMSE was assessed by comparing to the value obtained assuming a deviation
corresponding to the 95% confidence interval of the measurements. where: t.2os0 IS
Student’s t distribution with n-2 degrees of freedom and a two-tailed P-value of 0.05. To
assess whether simulated values follow the same pattern as measured values, the sample r was
calculated. Mean difference or difference between means of predicted and measured values
expresses the total simulation bias;t of M (student's t-test of M): if thet of M islower than the
critical two-tailed 2.5% t-value means that the model biasis not significant.

Results and discussion

The analysis of the achieved yield of wheat points to a significant difference between
fertilized and unfertilized variants. The highest grain yields was achieved on the D3, followed
in most of the years by D2. When comparing the fertilized rotations, MO had the lowest yield.
However, despite the unfavourable crop rotation, it was shown that MO in most years can
achieve the yield between 3000 and 4000 kg ha*. The lowest yield was obtained on average at
the N2 (1000 kg ha®) and N3 (1500 kg ha™), respectively. By analyzing the long-term yields
it was found that there is certain stability in yields at some level and relatively small annua
variations (Milo3ev, 2000; Seremesi¢, 2007; MiloSev et al., 2010). The crop yield anaysis is
important for the estimation of residue that could be transformed into SOM. Additionally, itis
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necessary for parameterization of belowground and aboveground net primary production used
in RothC model calculation. In accordance with this higher potential for SOM preservation
was found at D3 plot (Beauchamps and Voroney, 1994; Seremesic et a., 2011).

Modeling SOM dynamic with Roth C model

According to studies conducted at the same experimental field an estimated carbon
stock observed during 1940-50. period would be 95 t C ha™ (Bogdanovic, 1955). To initiate
the RothC model it is necessary to calculate the SOM equlibrium as an initia value for
modeling C in soil (Coleman and Jankinson, 2005). For wheat MO, D2 and D3 equilibrium is
done for the 1970 with C stock of 78 t C ha™. RothC calculation from that period takes into
account input from the aboveground and belowground crop residue. Inputs are determined
each year based on the yield quantity. For unfertilized rotation N2 and N3, the equilibrium C
was established for 1947 (91.4 t C ha'). Until 1988 only averaged belowground residues of
wheat, corn and soybeans were considered for the calculation, and afterwards all plant
remains were included, based on crop yields.

Figure 1 (b, c, d, e and f) shows the values of C stock obtained using the Roth C model
(line) and the measured values of SOC (dot) during the period 1991-2010. The results indicate
pronounced downward trend in soil C content especialy in the initial years which later slows.
The amount of SOC reserves with RothC model at MO decresed from 72.7 to 64.19t C ha™* (-
12% lower). Though, SOC stock reserves compared to other fertilized rotations, indicated that
wheat growing in MO could preserve SOM. This can be explaind with better weed control
during the growing season, reduced yields and nutrients removal. The SOC stock at D2
decresed from 66.2 to 59.7 t C ha' (-10%), and at D3 from 70.0 to 64.1 t C ha™ (-9%).
Compared with equilibrium created at 1970 the fertilized rotation lost 18% of C stock in
topsoil (D3 and MO) and 25% at MO. However, the SOC loss is even bigger compared with
stock C from 1940-1950 (30 % loss). Based on the model the current C reserves content in the
unfertilized soil is about 50 t C ha™ which is 10% lower than 1991 and 45% lower compared
with equlibirum initiated 1940-50. Further on, a negative trend projected by the model will
continue into the future resuting with the C reserve of about 44 t C ha™* for the unfertilized
plotsand 50 t C ha™* for fertilized plot by the 2030.

Continous SOC loss indicate that even with fertilization it would be difficult to
preserve initial content in soil. RothC model data suggest that returning and properly manage
all cropsresidueis crucia in the preservation of SOM (BaranCikova et al., 2010). With lower
yields, narrow rotation (without legumes) and projected climatic changes it would be a great
chalange to maintain SOM level observed at 2010.
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Figure 1. 8) winter wheat grain yield, Roth C model and measured C (t ha®) for b) 2-year
rotation, c) 3-year rotation, d) wheat monoculture, €) unfertilized 2-year rotation and f)
unfertilized 2-year rotation

Higher correlation of measured and modelled data was observed with D3,
whearas other cropping systems showed no correlation (Table 1). The significant RMSE
for investigated plots indicating that the simulations fell within the 95% confidence
interval of the measured data (Coleman and Jankinson, 1996). The simulation biases
expressed as M were al significant because all the values of t of M were less than the
2.5% critical two-tailed t-value. Values of M and E rank model bias similarly. A
significant bias in a given simulation indicated by E for the no fertilization plots was -
5.76 and -1.13, respectively for N2 and N3. For the fertilization plots E values was 1.27
for D2, -3.76 for D3 and -5.73 for MO. The close match between the simulation lines
and the measured data was again reflected in low values for E which were all well
below the respective E95% values, suggesting that there was no significant bias towards
either over- or under-prediction by model.

Table 1. Statistics describing aspects of the performance of the RothC models when simulating
datafrom long-term experiment at Rimski Sancevi

Statistics D2 D3 MO N2 N3
r = Correlation Coeff. -0.09 -0.58 -0.34 0.01 0.01
Assuming no model parameters adj. k=1.
F=((n-2) ")/ (1-r) 0.12 6.48** 1.65 0.00 0.00
F-value at (P=0.05) 4.67 4.67 4.67 4.67 4.67
RMS Modd 6.48** 8.73**  10.03**  9.45** 7.04%*
E 95% Confidence limit 12.01 11.90 11.84 15.16 14.33
Model 1.27** -3.76**  -573**  -576** -1.13**
E E 95% Confidence Limit 10.33 10.23 10.18 13.03 12.32
Model 0.81** -2.39**  -3.67** -2.88** -0.60**
M t = Student'st of M 0.75 -1.78 -2.59 -2.86 -0.61
t-value (Crit. at 2.5% - 2-tailed) 2.16 2.16 2.16 2.16 2.16

r = Correlation Coeff; RMSE = Root mean square error of model; RMSE (95% Confidence Limit;E =
Relative Error M = Mean Difference (t-value critical at 2.5% - 2-tailed =2.10)
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Conclusion

The modelling SOM in soil approach represents one of the most promising
methods for the estimation of the stock and changes of SOC. On the basis of our results,
it can be concluded that RothC model is suitable for the estimation of SOC stock
changes in agricultural soils and can be used for the modeling of SOC stock changes on
the chernozem soils with similar agroecological conditions. Generally, the fertilized
rotation in topsoil were lower in C stock by 10 % in comparison with 1991 by 18% (D3
and MO) or 25% (MO) compared with 1970 and by 30 % compared with 1940-50. The
unfertilized plots were lower 10% lower than 1991 and 45% lower compared with
1940-50.
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Abstract

In the past, men, at different levels of practice and science, dealt with the plants and animals
in specific environmental conditions according with their needs and abilities. Selected plants,
fruits and seeds as well as animals of which man had the greatest benefit were cultivated. By
learning from nature and adopting scientific knowledge man developed methods of creating
an economic and cost-effective varieties and hybrids. At the same time he was developing
methods of breeding, feeding and protection from environmental stress factors. In the
breeding practice man used heterosis in plants, induced mutations, and nowadays new
techniques in biotechnology. Numerous varieties and hybrids were created using conventional
breeding methods, which are characterized by a high genetic yield potential. Breeding effects
are evident in the change of architecture of plants, ripening time, increased productivity as
well as biodiversity. Studies have shown that breeding programs of important plant species
contributed to the average annual yield increase in about 1%. However, the application of new
bioengineering technologies has contributed significantly to increased productivity of plant
species. Realization of several times higher yields is crucial in ensuring safe raw materials for
food production and helping to solve world hunger.

Keywor ds. genetically modified organisms, genes, food safety

Introduction

Since the genesis of living beings it was expressed diversity at al system levels of the
organization as well as within taxa. Mechanisms of maintenance of organisms variability were
expressed in the reproduction process and coexistence with the other living beings and
environmental conditions. Although the man since his creation had selection approach in the
use of plants and animals for their own needs, he did not know the causes of the recognized
advantages of the organisms and was not able to explaine them scientifically. With the
explanation of sexua reproduction of plants in the 17" century, it was open new perspective
for the possible impact of changes in plant organism. With the first cross breedings between
organisms man has created the first engineering, athough the open pollination and
fertilization of these processes already existed in the nature. In the second half of the 18™
century from cross breedings are created new varieties and hybrids of different plant species.
The knowledge of the inheritance of traits is provided planned cross breeding and directed
selection of genotypes. Hard work in organisms breeding is proved to be justified and
successful where as a result has been achieved increment in the total biomass production,
yield, quality and content of organic compounds, resistance to the pests and diseases as well
as increased adaptibility to environmental conditions (Knezevic et al., 2006).

Changes in characteristics of the organisms in the cross breeding process have been carried
out on the basis of reproductive compatibility (Kondic et a., 2012) and had a contribution to
maintatance and increment of genetic variability and economic impact in terms of increasing
the quantity and quality of food.
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Progress in the cross breeding of organisms and their transformation was accompanied by the
development of the scientific methods. Specia contribution has been given by the study that
gives knowledge of the role of the individual genes and their function regarding on the
interaction with the other genes. In addition, it is important to know the function of gene
compensation for the damaged gene, which might be caused by physiologica nature on the
level of the metabolism adaptation or the level of activation of multiple allels. To create
varieties and hybrids with higher yields and quality and increasing adaptive ability were used
sources of genes from natural population, wild relatives of certain species. The mgor
challenge for research in the laboratory and in the field experiments is the ability to identify
and evaluate the variability of genes allels that have the function of the controlling the
phenotypic changes.

Modern technology including recombinant DNA technology provides an opportunity for
studying gene function and genetic regulation of gene interactions. With this technology is
possible to determine the gene sequences that could be used for genetic mapping and to
determine the chromosomal locations of genes that control the required properties. Beside that
it is possible to detect and to take advantage of the changes in DNA sequence that occure due
to changes of basis, deletion or addition of purine or pyrimidine base or varying the number
of repetition of short sequences. In order to determine the diferences it is used restricted
enzymes or plymerase chain reaction (PCR) which requires separation of DNA on the gel
(Karp et a., 1997).

Also, biotechnology allows the transfer of favorable allels at loci through conventional cross
breeding using marker technology and the introduction of new loci at the transformation. This
feature is essential for the transfer of desirable genes from wild relatives of one species. One
of the most important goal of transformation is to improve crops in relation to their protection
using herbicides and insecticides (Miflin, 2000). There are numerous examples of the
transformation of the genome and introduction of genes that are responsible for resistance to
herbicides.

Creation of genetically modified organisms

Creation of genetically modified organisms is based on the results achieved in 1973 with
using restriction enzymes, bacterial nuclease, which accurately recognize and cut the DNA
chain, whereupon such fragments can be reconnected i.e. recombined. During the following
two years at Stanford University it was found that the gene recombination can be done not
only in bacteria but also in vertebrates (Berg et al., 1974, 1975). This possibility has caused
concerns that led to fear for the future and strengthening security, which initiated introduction
of rules in performing experiments with recombinant organisms. The first rules were defined
in 1975 in USA which aso included ethical code. Despite many obstacles and suspiciousness,
biotechnology is developing rapidly especialy in the pharmaceutical and food industry
(Konstatinov & Drini¢-Mladenovi¢, 2006). The first examples of products derived by
recombinant DNA technology are: cheese obtained with synthesized enzyme chymotrypsin,
increased lactation of cows by injecting recombinant bovine somatotropin, Flavr Savr tomato
with extended freshness, insect-resistant Bt corn, golden rice which contains more carotene
and iron, etc.

This technology has contributed to the production of specific protein in bacteria instead of
expensive and slow industrial processes. To create genetically modified organisms altered
through recombinant DNA technology at least two genes should be inserted, of which one
should allow the synthesis of a protein that is required for commercial use and the second
gene that serves as a marker. This technology has made it possible to carry out the transfer of
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genes from evolutionarily distant, unrelated, species of organism into another, without
provoking transformation of one organism to another, but only the expression of desirable
trait in organism that the gene was inserted into.

Plant breeding to increase yields, resistance to disease and other stress factors, is focused on
the introduction of genes controlling resistance to insects, causal agents of disease, herbicide
resistance.Up today, was redlized transfer of genes which are controlling these traits in
numerous diffeent agricultural plant species. corn soybeans, cotton, sugar beets, potatoes,
pumpkin, banana (Knezevic et al. 1998; Drini¢ Mladenovic et al., 2006).

So, the transfer of genes from yeast was achieved in tomato lycopene content three times
higher than that of ordinary tomatoes, and expression of three enzymes, the levels of
flavonoids and antioxidants in potatoes were increased in potatoes.From wheat to corn is
transferred gene that controls the synthesis of enzyme dehydoascorbate reductaze and
modified corn has increased contents of vitamin C, more than 100 times (Chenetal., 2003),
and transformed genes controlling vitamin E, which have been isolated from barley, wheat
and rice, wheat and rice and by its transferring into the corn had the effect to increasing 6
times of contents of vitamin E (Cahoonetal ., 2003).

GMO Safety use

The creation of genetically modified organisms, has allowed greater production of raw
materials for the food industry, thanks to productivity gains multiple GMOs in relation to the
breeding organisms obtained by classical methods. GM plants have a higher content of
protein, oil, starch with a specific structure. Specific biochemical composition can have
different effects on human health. There are examples of some of GM organisms used as a
human food caused adverse effects. So, GM soya, in which is transferred gene from Brazilian
nut, used as food caused allergic reactions in people, or transgenic tomato with a gene from
the fish, used in human food, was causing allergies in people who are normally allergic to
fish.

On the base of this, is possible say that it’s not just the gene and its expression, no matter
what organism is. This leads us to not exclude pleiotropic effect of foreign genes, which
increases the unpredictability of the possible effects of GM foods. If we look without
prejudice the effect of transgenic organisms, we can say that up to nowdays registered
negative effects of GMO are not only frightening, but is normal and expected, considering
that among the natural plants and animals are the ones that cause certain adverse reactions that
are known as an allergy to milk, flour (lactose, gluten).

In addition to higher yields, which is the most important economics feature, the advantage of
GM crops was increased resistance to diseases and pests and viruses, which helps to reduce
costs due to reduced use of pesticides during cultivation. This can be illustrated by the sweet
potato in Africa in which the transferred gene for resistance to FeatheryMottleVirus, which
had a 60% higher yield than ordinary potatoes. In transformed organisms can be achieved
increasing of adaptability to different environmenta factors, such plants with high content of
linoleic acid are more resistant to low temperatures and frost. Or, plants with entered
resistance to herbicides allow more effective control of occurence of weeds in crops. From
this, it can be derived that the creation of plants with desirable functional properties,
contributes to reduced allergenicity, toxicity, extending maturing plant species, increasing the
content of starch, improved the proteins and fats, etc.. which is of great nutritional
importance.

Advantages of GMO crops and food in developing countries is reflected in the quality of
nutrition and health, improving: the quantity and quality of meat, milk and livestock
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production, the ability to clean and safe method for the production of edible vaccines and
medicines, reduced use of fertilizers and herbicides, and the preservation of agricultural
resources and so on.

Disadvantages of using GMOs are reflected in the appearance of loss of genetic diversity of
crops, and thereby economic losses, the threat of use of generic drugs, change the nutritional
quality of food, many religious and ethical pressures, potential monopoly ownership of major
food products.

It is important to promote the existence of selection, approval, precautions and preventive
measures in the field of biological safety, food safety, consumer choice, public research and
commerce are contained in the developing countries (Gomez-Gaera et al., 2010). Public
debate and concern in industrialized societies about environmental protection, uncertainties
and risks for health with the use of GMO technology, should not discourage developing
countries to use GM crops to harvest and that use of GMOs can solve their most pressing
problems of hunger and malnutrition.

The use and trade of genetically modified organisms is framed by appropriate and legislation
in the European Union. Food which is derived from genetically modified organisms should
not be present more than 1% of the specific product and must be labeled (Ramessar et al.,
2010).

Conclusion

Food production is very important on a globa and local level, so that the variation in the
guantity and quality of food causes certain changes on the market in terms of supplying and
demanding. This is an important factor for connecting all institutions and companies in the
chain of production and distribution of food to provide for mankind healthy and safe food,
that meets the nutritional requirements for quality and technology. Modern agriculture is
characterized by large production of genetically modified organisms (GMOs), GM crops and
products of them in the world. Economy and biothechnology in the most overpopulated states
in the world, is based on GMO agriculture that is the field of interest of al spheres not only
politics and science. Also, a number of fermented foods that may contain al or a parts of
natural organisms, are prepared and stored in a safe hygienic conditions and are in wide use.
Achievement in biotechnology contribute to the improvement of life in the agricultural and
economically poor countries. Investigations in molecular biology are increasingly associated
with information technology and nano-technology, which leads to new achievements in the
field bionanomatics. However, we are aware of the fact that the developed world aready met
his heeds in the food using intensive agriculture in disturbed ecosystems in which is placed a
"dirty industriy”. Today developed world stimulate ecological awareness and organized
movement for organic food production. Regardless of the legitimity of different views on the
importance of biotechnology and GMOs, it is fair to say that responsible biotechnology is
better than the phenomenon of hunger and vulnerability of human health.
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Abstract

This study presents three-year results on the effect of pomological practices [shoot
bending, pinching off the shoot tip (decapitation), shoot notching, heading back to 3-5 buds at
the poorly developed basal leaf zone] undertaken during the growing season in 5 plum
cultivars. The research was conducted from planting date until the fifth growing season,
involving cvs. Catanska Rana, Catanska Lepotica, Cacanska Najbolja, Catanska Rodna and
Stanley, grafted onto Myrobalan seedling rootstock.

The results showed that tree vigour as measured by trunk cross-sectional area was
highest in cv. Caganska Najbolja (55.14 cm?) and lowest in Catanska Lepotica (27.06 cm?).
Cacanska Rodna and Cacanska Najbolja produced their first yields already in the second year
after planting. All cultivars obtained their first substantial yields aready in the third year after
planting (Ca¢anska Rana 2.48 t ha™, Stanley 4.17 t ha*, Caganska Rodna 7.31 t ha*, Caganska
Najbolja 7.68 t ha®, Cacanska Lepotica 8.35 t ha™). Cumulative yield was highest in
Caganska Rodna (47.18 t ha™), and lowest in Caganska Rana (11.09 t ha™). Yield efficiency
showed variations across cultivars and years of the study, whereas the fruit weight values
were not significantly different from the literature data reported for the cultivars tested, and
ranged from 52.75 g in Cacanska Rana to 24.83 g in Catanska Rodna.

The use of the above pomologica practices during the growing season induced early
fruiting, satisfactory to excellent yields in the early years after planting, and reduced tree
vigour in the plum cultivars analysed.

Keywords:. plum, pomological practices, summer pruning, yield.

I ntroduction

In terms of the volume of production, plums are the most important fruitsin Serbia. In
2010, Serbiaranked second in Europe and third worldwide after China and Romania, with an
annua plum production of 426.846 t and an acreage over 130.000 ha of land (FAOSTAT,
2012). The most widely grown cultivars include CaCanska Lepotica, Catanska Rodna,
Stanley, Cacanska Najbolja and Cacanska Rana (MiloSevi¢ and Milo3evi¢, 2011). According
to Paunovic et al. (2011), the most dominant and maybe the only rootstock used for plum
grafting is Myrobalan seedling (Prunus cerasifera, Ehrh.). Primarily due to its vigour, the
Myrobalan rootstock causes certain problems in plum cultivation such as late fruit-bearing
and high tree vigour (Mika et al., 2001; Milosevic et al., 2008). This fact, aong with some
other deficiencies of this rootstock, is the reason why some authors do not consider
Myrobalan for use in highly intensive plum production (Elfving, 1988; Gaash et a., 1989;
Weber et a., 1994). In order to overcome and solve these problems associated with
Myrobalan rootstock, adequate pomological practices should be employed to a large extent
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during the growing season instead of winter pruning, in the early years after planting (Glisi¢
and MiloSevi¢, 2006). Shoot bending, pinching off the shoot tip (decapitation), shoot
notching, and summer pruning of shoots can contribute to a reduction in and subsequent
control of tree vigour, as well as to early fruiting in plum trees (Mika and Piatkowski, 1989;
Dimkovaand Vitanova, 2001; Mici¢ et al., 2005; Gonda, 2006).

The objective of this study was to evauate the effect of pomologica treatments
employed during the growing season in the early years after planting on tree vigour and yield
components of different plum cultivars grafted onto Myrobalan seedling rootstock.

Material and methods

The research was conducted in aplum orchard at Gornja Gorevnica, 9 km northwest of
Catak (20°57°48” N; 20°19°31” E; 396 m a.s.). The plum cultivars used in the experiment
included CaCanska Rana, Cacanska Lepotica, Catanska Najbolja, Catanska Rodna and
Stanley. Myrobalan (Prunus cerasifera Ehrh.) seedling was used as the rootstock. The orchard
was planted at a spacing of 4 m x 2 m (1.250 trees hal). Spindle bush training system was
used. During the first 4 years (each year), the following pomological treatments were applied
during the growing season instead of winter pruning:

1. shoot bending, using toothpicks when shoots reached 30-40 cm in length;

2. pinching off shoot tips (decapitation), applied to 40-50 cm long shoots adequately
positioned within the crown. Inadequately positioned or extremely vigorous shoots
in the crown were completely pruned off during the growing season;

3. shoot notching, conducted at the stage of bud scale separation (stage 03 of the
BBCH scale of vegetative bud development in stone fruit trees (Meer, 2001); with
the light green bud sections clearly visible;

4. heading back to 3-5 buds at the poorly developed basal leaf zone, performed 60
days after the end of flowering (mostly the second half of June).

From the second to the fifth growing season, measurements included trunk diameter at

10 cm above the graft union, yield per tree, yield per unit area, and fruit weight, whereas trunk
cross-sectional area and yield efficiency were calculated. The experiment was conducted in 3
replications, each with 10 plum cultivarsi.e. 20 fruits.

The data were subjected to analysis of variance, and differences between arithmetic

means were assessed by the LSD test at P< 0.05 and P< 0.01 using the statistical software
SPSS 5.0 (SPSS Inc., Chicago, IL, USA).

Results and discussion

The results on the effect of pomological practices used during the growing season on
the trunk cross-sectional area (TCSA) of plum cultivars are presented in Graph 1.
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Fig. 1. Trunk-cross sectiona area (TCSA) of plum cultivars

The results show that, during all years, TCSA was lowest in cv. Catanska Lepotica,
followed by cvs. Catanska Rodna and Stanley, and highest in Cacanska Rana and Cacanska
Najbolja. At the end of the fourth growing season, TCSA was 27.06+1.12 cm? in Catanska
Lepotica, 27.43+1.02 cm? in Catanska Rodna and 29.99+2.05 cm? in Stanley, whereas the
highest values were found in Caganska Rana - 48.32+3.90 cm® and Caganska Najbolja -
55.14+4.10 cm® The difference between Catanska Najbolja and Ca¢anska Rana was
statistically significant, whereas the vigour of both cultivars highly significantly differed from
that of Stanley, CaCanska Rodna and Cafanska Lepotica, which showed no significant
differences at the end of the fourth growing season.

TCSA vaues were aimost identical to those obtained by Dinkova et a. (2007) who
produced plum cultivars on Myrobalan seedling, but with no substantial use of pomological
practices during the growing season. This suggests that it is difficult to affect TCSA values by
pomological treatments during the first and second years after planting. However, in the third
and fourth growing seasons, in the present study, tree vigour was lower than that of the same
cultivars grown at a higher spacing with the use of winter pruning only (MiloSevic et al.,
2001; Vitanovaet al., 2007).

The results on the effect of pomological treatments applied during the growing season
on yield components in plum cultivars are given in Tab. 1.

Tab. 1. Yield components of plum cultivars

Yield per tree (kg) Yield per ha(t) Cumulative
Cultivar ield
2™ year 3" year 4" year 2" year 3" year 4" year (%/ha-l)
gg:fg‘s"a / 1.99+0.09d  6.88+0.05d / 248+0.12d  8.61+0.08d  11.09+0.09d
Catanska / 6.68£0.07a  11.45+0.09c / 8.35+0.09a  14.31+1.30c 22.66+2.08C
Lepotica
ﬁ;?ggfj';a 1.47+0.10a 6.14+0.07ab 4.10+0.05d 1.85+1.40a 7.68+0.08ab  5.12+0.07d  14.65+1.12d
ngj?]r;jka 1.08+0.08b 585+0.04b 30.82+2.88a 1.35:0.10b 7.31+0.07b  38.52+4350a 47.18+3.90a
Stanley / 3.34+0.03c  22.70+1.85b / 417+0.04c  28.38+2.15b 32.55+3.00b

Catanska Rodna and Cacanska Najbolja produced their first yields already in the
second year after planting (1.35+0.10 t ha' and 1.85+1.40 t ha, respectively). The first
substantial yield in all cultivars was obtained in the third year after planting, ranging from
2.48+0.12 t ha™* in Caganska Rana to 8.35+0.09 t ha™* in Caganska Lepotica. In the fourth year
after planting, cvs. Catanska Rodna and Stanley attained almost maximum yield potential —
38.52+3.50 t ha'! and 28.38+2.15 t ha™, respectively. Caganska Lepotica gave a moderate
yield — 14.31+1.30 t ha™. Likewise, the yield of fresh market cultivars Caganska Rana and
Cacanska Najbolja in the fourth year after planting was not negligible — 8.61+0.08 t ha* and
5.12+0.07 t ha’, respectively. The cumulative yield obtained in the first four years after
planting was lowest in Cadanska Rana (11.09+0.09 t ha™) and somewhat higher in Catanska
Najbolja (14.65+1.12 t ha'), but the difference between the two cultivars was not significant.
Cumulative yield was 22.66+2.08 t ha* in Caganska Lepotica, 32.55+3.00 t ha™in Stanley,
and 47.18+3.90 t ha™ in Catanska Rodna. The differences among the cultivars were highly
significant, as well as those compared to Catanska Rana and Cacanska Najbolja.

The results on yield typicaly provide the best indication and estimate of the care and
management practices and cultivation systems used. In this study, the first yield was attained
as early as in the second year, which is highly important in terms of the return on investment,
but also due to the fact that vigour is best controlled by yield (Mika, 1992; Blazek et al.,
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2004). Micic et al. (2005) evaluated plum cultivars trained to slender spindle and grown on
Myrobalan rootstock, and reported an initial yield of 48-112 fruits per tree or 1.2-2.8 kg per
tree in CaCanska Rodna in the second year. Similar results were obtained in the present study.
The yield produced in the third and fourth years after planting was almost double the yield
reported by Mitrovic et al. (2005) in a cultivation system without the use of shoot bending and
other pomological treatments during the growing season. For the sake of illustration, the yield
produced in the third year in the present study was similar to that obtained by Jankovi¢ et al.
(1997) from the fifth to the eighth year at a spacing of 6 m x 4 m, with winter pruning applied.
The use of pomological treatments during the growing season instead of winter pruning
significantly contributed to early cropping and early production of substantial yields. The
vegetative development during the initial years after planting was characterised by an intense
growth of shoots, due to the use of Myrobalan seedling as a rootstock. Shoot bending during
the growing season and other practices reduce the mobility of nitrogen and cause carbohydrate
accumulation in the shoots by the end of the growing season (Gaudillére et al., 1992; Moing et
a., 1993). Thisresulted in a high degree of flower bud differentiation in al cultivars and fruit-
bearing in some cultivars in the second year, and led to significant yields of al cultivars
already in the third year.

The results on the effect of pomological practices used during the growing season on
yield efficiency and fruit weight in plum cultivars are presented in Tab. 2.

Tab. 2. Yield efficiency and fruit weight of plum cultivars

Yield efficiency (kg cm™?) Fruit weight (g)
Cultivar
2" year 3 year 4" year Average 2" year 3 year 4" year Average

gg;g”s"a / 0.07+0.01c 0.14+001d 0.10+0.01c / 52.75+4.11a 50.26+4.02a 51.50+4.06a
Caganska

Lepotica / 0.29+0.02a 0.42+0.03c 0.36:0.03b / 36.69+1.15b 32.65+1.02b 34.67+1.08b
ﬁ;?ggfj';a 0.09+001 028+00la 007+0.01d 0.14+00lc 5127+4.88a 48.80+3.20a 51.74+4.00a 50.60+4.01a
gg‘é‘:}r:ka 0.0+001 0.25+00la 1.12+0.09a 049+0.04a 2526+1.12b 28.75+2.00c 20.48+0.16C 24.83+1.09C
Stanley / 0.12+0.01b 0.75+0.03b 0.43+0.02 &b / 36.61+2.03b 3349+3.05b 35.05+2.54b

The average yield efficiency was lowest in Catanska Rana (0.10£0.01 kg cm™®), and
somewhat higher in Catanska Najbolja (0.14+0.01 kg cm™). However, the difference between
the two cultivars was not statistically significant. Significantly higher yield efficiency values
were obtained in Caganska Lepotica (0.3620.03 kg cm™), Stanley (0.43+0.02 kg cm®) and
Caganska Rodna (0.49+0.04 kg cm™). Although Caganska Rodna and Stanley gave the highest
values for yield efficiency, they exhibited very large variations across years, whereas
Cacanska Lepotica had stable yield efficiency throughout the study. These results completely
comply with those of Nenadovi¢-Mratini¢ et al. (2007), who reported highly stable yields of
Cacanska Lepotica during a three-year study, as compared to Catanska Rodna and Stanley. In
general, the average values of yield efficiency are satisfactory and in agreement with the
results obtained by other authors in highly intensive plum orchards (Blazek et al., 2004,
Meland, 2005). The average values obtained for fruit weight were consistent with cultivar-
specific traits. The average fruit weight was lowest in Cacanska Rodna (24.83+1.09 g),
significantly higher in Cacanska Lepotica (34.67+1.08 g) and Stanley (35.05+2.54 @), and
highest in Cacanska Najbolja and Cafanska Rana (50.60+4.01 g and 51.50+4.06 g,
respectively). Fruit weight showed differences across years, and was found to correlate
inversely with yield. Sosna (2010) reported an average fruit weight of Cacanska Lepotica of
31-32 g, but atotal annual yield of over 32 t ha'. The average values of fruit weight in the
present study are mostly in agreement with the findings obtained under different cultivation
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systems by many authors (Mitrovic¢ et al., 2005; Magyar and Hrotko, 2006; Vitanova et al.,
2007; Sosna 2010). The pomological practices used during the growing season did not
significantly contribute to obtaining a stable increase in fruit weight in plum cultivars during
theinitial cropping years.

Conclusion

The pomological practices used during the growing season in plum cultivars in the
early years after planting induced a reduction in tree vigour as measured by trunk cross-
sectional area (TCSA). Reduced vigour was highest in Cacanska Lepotica, Cacanska Rodna
and Stanley, and somewnhat lower in Catanska Rana and Cacanska Najbolja.

Cacanska Rodna and Cacanska Najbolja produced their first yields already in the
second year after planting. All cultivars obtained their first substantial yields already in the
third year after planting. Cumulative yield by the end of the fourth year was highest in
Catanska Rodna, followed by Stanley and Cacanska Lepotica. Likewise, the yield of fresh
market cultivars Caanska Rana and Cacanska Najbolja was not negligible.

Yield efficiency was highest in Catanska Rodna and Stanley, and most stable
throughout the years in Catanska Lepotica.

The results on fruit weight were in agreement with cultivar-specific traits, with
Catanska Rana and Cacanska Rodna obtaining the highest and lowest values, respectively.

In the early years after plum planting, the pomological treatments used during the
growing season induced reduced tree vigour, early fruiting, and satisfactory to very high
yields in the third and fourth growing seasons, but did not lead to increased fruit weight in the
plum cultivars analysed.
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Abstract

Studiedin  this  researchwaschlorophyll  variability  inyoungshoots  ofthe
grapevine(Paulsen & Kobbercultivars) in propagation "In Vitro”. Two rootstocks of grapevine,
inoculated for proliferation and rooting, in mediaMS, "In Vitro", withtwodifferent synthetic
hormones in it, ANA andBAP. Searchindicator received chlorophyll, incorrelationwith the
percentage ofsugarandhormonesatthreesubcultures.  Thelnitiationof callus  from  bud
yeaststarted inculturecontaininglmgl *and2mgl *BAPand1mgl *and2 mgl*ANA. Sucrose used
intwodoses30and60g/I. Based on observationsofemissionfoliar(leafy) growthin length,
significantlyinfluencedthe formation of callus was (1:32 LSD, g=0.05) fromthe concentration
of BAPandsucrose.

Best resultsobservedwithhighdosesof BAPandsucrose(78%). Concentration 0f60g
/lsucroseimproves  theinduction,  differentiationandpromotesregeneration  of  callus,
better.Y oungshootsin
threesuccessi vesubcul turehavebeenfoliarandrootphenotypewithoutchanges(L SD 1.11,
g=0.05). Variance of variability like effect of vitrification was small; cv=1.9 (coefficient of
variation)

Keywords: In vitro, Paulsen, Cobber, saharoza, vitrification
I ntroduction

This work carried out about micro propagation of grapevine securedregeneration
tworootstocks 1103Paulsenand Kober, through the application
of mineral constituentandresearchingdifferentformulationsdepending on thegenotype. Study of
tworootstocks ,whichconstitute85% ofthematerial of propagate, with
impactofdifferentconcentrati onsof citoci ninandimpactonthe rate
of multipli cati oni ntendedtoexami neandfindeff ectof cul turesandshowthesuperiorityof BA Pconce
ntrationincultureM Sin rel ationotherformul ationstested.

Material and methods

Explants of two grapevine roots, 1103 P and Kober, inoculated nutrient soils MS with
relevant additions to study the physiological changes, to explants in plantlets. Citocinin BAP
applied in concentrations; (T1-1 mg | -1 and T2 2 mg | -1). Subculture carried out every 45
days of armpit buds, obtained. Explants and all cultures placed in a vegetative room
(temperature 23 ° C £ 2 ° C, the intensity of the lighting 2000 luxury and photoperiod 16
hours), with white light with 30-35. Indicators of research : .i. Definition of regenerative
potential, ii. Explants number, iii. Number of buds, iv. Length of new shoot for explants.
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Results and discussions

Results of three years resulting from treatment expletive placed in culture MS1 with
two concentrations of BAP, have proven positive impact on increasing the capacity proliferate
seedlings, and buds all expletive of cultivars 1103P and Kobber. (Tabl and 2)

N e i
(1) (2) 3) (4) () (6)
Photo (1,2,3,4) Differentiation Callus tissue.(5-6) proliferation in plantlets.

Results indicate that BAP at any concentration applied, has been important in cell
division and increasing the length of the sprouts. Benzilaminopurina (BAP) significantly
influenced the rapid proliferation of the cells and the highest dose, influenced better in
increase in spur length. Evaluations performed about 20 days after inoculation represent
increased by 5mm to 17mm but different in both cultivars. Sizes greater than bisgues growths
achieved when it is applied BAP concentrations 2 mg/ | . Using these nodal segments cut, to
identical manner, improved multiply and after planting material and their development made
possible interfering use for the realization of the recurrent cycle’s initial propagation. In this
way, is ensuring large number explants, in a relatively short period of 30-40 days. BA
concentrations, influence on morphological characteristics of vegetable material. In table one
and two, are three-year averages explants blown and differentiated leafs. Stage included the
induction of meristematic centers of which are developed adventives organs. Shoot produced,
used as the basis, for further breeding cycles, in which, they passed back to the culture
(Subculture) to add to their number, and to prove their propagation coefficient.

Table 1. Means for oneway of Anova above average explants light and the number of leaves
differentiated. (Each treatment = 16 explants)

Mean. Nr explants

Treatment Number Repetition Mean Nr Leaf

vivid
KO 1mlg/l 4 31.2500 +2.88 7.25 +1.89
KO 2mlg/| 4 50.0000 +2.43 10.00 +0.81
PA 1mig/l 4 44.2500 +1.83 10.00 +0.81
PA 2mig/l 4 56.0000 +1.12 10.50 +0.57

Evauation of morphological development has shown variability in starting capacity
and growth in two cultivars of grapevine under the effect of different concentrations
cytokinins. In general, the effect of BAP was powerful, because it has fostered a better rate
and morphologic homogeneity propagation of seedlings, always interdependent concentration
used in correlation with the features of genetic material.

Table 2. Means for one way ANOV A of the number of explants blown by subcultures

Std Error Uses a pooled estimate of error variance

Number leaf
Number of Mean of e

Treatment Repetition expl vivid vitrifikuar
Subcult-1 4 10.7 +£0.50 0
Subcult-2 4 9.5 +1.73 3
Subcult-3 4 8.7 +1.89 6
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Using cytokinins gave large effects on the percentage of the opening and the formation
of numerous seedlings from micro cleavage committed in aid buds, made in plants, cv.
rootstocks 1103 Paulsen, Kobber. We analyzed two concentrations benzyl adenine (BA 1.0,
2.0 mg/lI™), concentration 2 mg/l™, has given the best answer morphological. Good results
have been above all concentrations, but particularly 2, mg / I™* have disposed flourishes with
the highest percentage, and seedling multiplication. In which treatment is used BA 2mg /| ™
of stitch inoculated are differentiated average from 10 -10.5 explants and the 50-56 |eaves, for
each explants planted. Results of all years for treatment averages, prove that 2 mg/ | ™ had the
best indicators to the two types of proven and significant changes for HSD Isd.1.67, that it
proves the effectiveness of use BAP dosage has therefore a maximum coefficient
multiplication of buds and percentage of hatching.

Studies and the results for the capacity organogenic fragments stitch present
interesting data for the development of explanted in the way of direct organogenesis. It is
observe that immediately after the beginning of cultivation breeding ground, according Pierik;
epidermal cells, show clear, differentiation cell characteristics, such as large diameter cores,
nucleoli pyrophilic and cytoplasm currents visible.

Phase, defined as activation or meristematic. In 4-daylong explants, observed
periclinal divisions in al epidermal cells, while 6-8 daylong explants, except appropriations
periclinal, which increase in number, begins to appear anticline divisions in epidermal cells.
This phase was similar for all the genetic material in the experiment. However, after 10 days,
in explants appear primordial leafs strands, and it is differentiated in time and intensity
influenced by genetic material. Remarkabl e for the opening speed 1103 Paul sen.

Percentage of explants, cv 1103 P fluctuated in accordance with the concentration of
cytokinins. At a level, 66.1% obtained for auxiliary buds, with 2 mg /| 1 BA, in cv.1103 P.
For these cultivar acceptable results, 62 % obtained dsoin 1 mg /|1 *BA

In the analysis of the ability proliferates the two cultivars, with weak results had cv.
Kober, in terms of percentage explanative blown; bud and shoot multiplications coefficient
(B.M.C) (SM.C)
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Graphic 1 and 2. Onaway Analysis of explant vivid By Treatment and Number of leaf by Tretment.

Cv.Kobber, has anatomical features with changes, in rootstock 1103P. Significant
changes related to the size of large bone and reduced levels of wood tissue and flumes.
Particularly cortexes tissue, which is the development, processes of reproduction and
differentiation of seedlings and radical explants.

Variables replays average, each treatment, were within the limits of the standard
deviation, without statistical differences, while the effect of applied concentrations of BAP
has different effects on the development and growth of meristem. There are no major changes,
intwomoments ofisolation, but in terms ofdosage,2mg/l is provide, into others, thenumber,
seedlingandlargersize.
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This result was identical in al subculture, analyzed in ANOVA testing for LSD 1.39,
demonstrating that in vitro application, for micro propagation cv. Koober and Paulsen dose, 2
mg / I Yis economic, compared to the application of other concentrationsin this cultivar.

From the anaysis of the influence of cytokinins rootstocks, 1103P Kobber, in 2
concentrations, results that improved gradually morphological indicators in paralel with the
increase of BA concentration, but validated changes between them. Morphologic response,
effect cytokinins concentrations, has been catalytic to 2 dose mg / | *to two cultivars tested. In
general, the twocultivarsusingBA, have reached59.3% plantlet.

From the analysis of averages, TUKEY-Kramer HSD Isd - 1.39, demonstrates the
significant changes the percentage opening of 1103 Paulsen, compared with Kober and for the
effect of using cytokininsin this concentration in all subcultures.

The effect of statistical changes flowed from the application of concentration confirms
dosage, 2 mg / |*for economic effectively that brings together the maximum buds coefficient
multiplying (B.M.C) and the coefficient multiplication of the shoots (S.M.C). Cultures
stimulated the paces of opening have grown plantlets production from lateral buds, for each
explants.

Modulate analysis of regression (graphic 3), expressed and confirmed that opening
explants averages, at all times of isolation and regeneration; there are not changes and
progress (in ascending). Graphical, demonstrates a linear slope linein climbing (R2 = 0.87) (y
= mx + b), which means that the treatments have had constant effect and affect the effective
action.

N.Leaf

5 5] 7 8 g 10 11 12
explant vivid

Graphic 3. Bivariate Fit of N.Leaf By explant vivid

Hypothesis test in two concentrations of BAP analyzed for statistically et assessed
value for a = 0.05 has shown that hypothesis (Ho) that express the Treatment 2 mg / It
confirmed, by correlative analysis showed that up to second sub culture multiplication cycle
are not observed phenomena and material degeneration. In this way the effect morphologic of
two concentrations cytokinins, 6-benzyl adenine purine (BA) has prompted the scale to better,
breeding and morphologic homogeneity of the seedlings. Influence of concentrations of BA,
induction growth and development of buds at the same time; number and leaf buds per
explants went to increase in parallel with increasing concentrationsupto 2 mg /1™,

Shoots proliferating have had different size, and caused by the impact of phytohormon
whether in size and in the number of cells reproduced. The larger size of the seedlings are
realized in the concentrations 2 mg / 1™(13.15 cm) compared with those obtained with BA in
concentrations 1mg / | “*(1.75cm). Maximum axial buds developed per explants was 11 to two
cultivars, and has fluctuated from 8.3 in cv Kober, 11 in 1103P cv.

Results followed by the effects of hormonal promoters’ action proved that the
assumptions have been acceptable. On analysis of the averages of each treatment through
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Testy TUKEY, and the resulting homogeneous groups after analysis confirmed the effects
stemming from the use of cytokinins concentrations either in quantitative and qualitative
morphological values. The all BAP concentrations cultivars have been influences in the same
way and without changes. Concentrations of BAP, have had results with statistical significant
changes to the above morphological indicators, treatments | to 1. Vaue of t (Ho> H1), a=
0.05 resulted in all cultivars, is a very good test, because it has provided and the value of F.
The effect of the performance indicators morphological of explants verified with regression
analysis for hypothesis testing (graphic 3).

New leafs have had the same phenotype, assessed in normal light index, and the shape
and symmetry. We thus proved that the two cultivars suffered no deviations below applying
sub - cultures. Large number of measurements has reduced the error, which observed in the
absence of variability with no changes in any year from the average of four replays. P = 0055,
that is significant because they have influenced the composition of explants to open and other
morphological indicators.

Conclusions

Cytokinins action, in organogenesis and the formation of new organs, induced by,
chemical manipulation nourishing terrain.

During organogenesis, explants followed a morphological process in conformity with
genera road, namely forming meristem, buds, shoots and adventives roots.

Response of two varieties on the opening and the number of inter- nodes, the effect of
the increase in length for each explants has shown that treatment containing 2mg/l -
'BA has been the best compared with other treatments.

On the same premises of the two varieties of rootstocks, expressed differences on the
effects that gives citocinin in proliferation explants.

Cv.Kober expressed many changes through the two treatments applied, but cv. Paulsen
has shown for the best effect all treatments cytokinins.

Application of two cultivars in continuous regeneration in two sub - culture, no effects
manifested in two grapevine cultivars genetic features.
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Abstract

This study treats interdependence of vegetative growth of olive, oil synthesis and
growth of the fruit to three olea europaea variety. Analysiswas based on statistical modeling
for Bivariate anaysis for Statistics Estimates, according Diagnostics and multivariate
correlation matrix analysis, for the flowering period of olive maturity. Percentage of olive oil
was characteristic varietal and expressed great variability inter varietal. (Isd 1.233 g=0.05).
The dynamic of oil formation have been the same sense with the growth of fruit. (R?=0.933).
The polp of fruit has increased in correlation with weight. (r2=0.881). Fruit weight has
fluctuated from 1.1 to 3.6g. The fruit growth was 11- 22 mig/day, oil 3.7-6 mlig/day and
vegetative growth 0.9-2.4 mm/day. Frutis after bonding have increased with velocity and
vegetative growth is medium. In the phase of sclerification of endocarp; fruit growth,
vegetative growyh and olive oil synthesis are inhibited. After this time, increase the volume of
cells of pericarp, is done intensive synthesis of oil; decrease in maximum vegetative growth.
Percentage of olive ail at the time where the fruit has the maximum weight constitute the
biological value of the variety. After thismoment isreduced fruit weight (r=312), while the
percentage of oil increases as a consequence of dehydration of the fruit. Vegetative growth is
interrupted.

Keyword: olea europaea; vegetative growth; pericarp; percentage;olive oil;
dehydration.

Introduction

The climate influences vegetative growth, efflorescence, the growth of fruit and the
chemical components of the olive fruit (Villiam H. K. 1994). The temperature is of great
importance because the varieties differentiate the organs based on thermal valences. The
variety is important for fruit characteristics, dimensions, the ratio pulp - endocarp, etc. The
formation and growth of olive fruit requires a long time and fluctuates according to the
varieties from 130-210 days. During the dynamics of growth the fruit competes with
vegetative growth for water and food elements. The olive differentiates a considerable amount
of flowers, but their fruiting and the progress of grains up to the period of ripeness are very
few or zero. This disorder has been the object of a range of different researches, which have
found severa aspects of compatibility and sterility, (Cimato A. et all. 1986) while others for
flower biology, the quality of the pollen, nutritional state etc. (Martin G. et all. 1994 ). From
this point of view we have studied the physiological correlations that occur within the sprig,
as an organ that holds and grows flowers, fruit and vegetation to define the relations and
reciprocal influences.
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Materials and Methods.

Efflorescence, flowering, fruit growth and vegetative growth have been monitored in
one-year-sprigs which have differentiated crowns. The study was carried out in three years
and its object was the interconnection of these phenomena within the sprig in three
autochthonous variety (Kaninjot, Himara and Pulazeqin). 200 flowering sprigs scattered in the
4 areas of the horizon were chosen in 5 trees of each variety. Vegetative growth was measured
monthly (mm), the number of crowns (Nc), the number of flowers (Nf). Physiologica
dropping was evauated in June, followed by the monthly evaluation of the dynamic of fruit
weight growth, fruit dropping and vegetative growth. The monitoring of biological processes
was accompanied with statistical modelling for testing variability (apha=0.05). Bivariate
analysis for statistic estimates has analyzed the correlation limits among the main indices and
the amount of reciprocal influence. The degree of influence on the variability of independent
factors and the importance of the relations according to eigenvalue and eigenvectors was
determined with PCA correlation.

PHo—l and 2. This alive sprig differentiates crowns and flowers, devel ops the vegetative growth,
linking and increases fruit, simultaneoudly forms the fruit oil.

Results and Discussion

The varieties were characterized for their thermal constants (Kt= t-t°). Their biological
processes are developed on their basis. Kaninjot cv for the differentiation, growth and
ripeness for needs 2600°C, % (t-t°), Himara cv. 2600°C and Pulazegin 2270 °C (Koppen W.
1923). The sprigs have shown considerable polymorphism within one variety as well as
among the varieties, which was caused by the activity of the buds, flowering and oil synthesis.
The sprigs are one year old and are the biological basis for the flowering induction and the
formation of carbon hydrates (C6H1206) (Tombesi A. et all.1986) (Boulouha B. 1994).
(Photo-1 and 2)

In March the buds of each sprig have differentiated crowns in the armpit of the leaves,
whereas the bud of the top has a vegetative sprig. Small fruits appear immediately after
flowering and fertilization, a part of whose has dropped for physiological causes, incomplete
fertilization by the high temperatures and lack of nutrition, (EIl Khavaga AS 2007). The
quantity of the dropped flowers has been different and depended on the variety (HSD.
1sd.1.1311, g=0.05) Kaninjot cv. 37.8%, Himara cv. 45.1% and Pulazegin cv. 45.3%. After
physiological dropping fruit development has undergone three important stages: (i) in June-
July, the fruit undergoes intensive growth and endocarp is formed due to rapid cell division.
(i) In August growth has been stopped because the embryo is developed and endocarp is
sclerified. (iii) In September the fruit re-starts to grow, forms the pulp by increasing in volume
the endocarp cells. (Photo-1 and 2)

Fruit growth, vegetative growth and the formation of oil were created during a
different active period of time. Z(t-t°), while the biological processes were in unity and
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contradiction. Pulazegin cv has a shorter biological period (2270°C), whereas Kaninjot and
Himara cv display no differences (2600°C)

Vegetative growth, flowering and fructification. Vegetative growth and fructification
were developed following the active period, tukey-kramer Isd 1.78. g=0.05, (Tab-1). Asit can
be seen, vegetative growth was developed from March to December and displayed obvious
oscillations. After the differentiation of the top of the bud (vegetative) the sprigs grew rapidly
and they decreased the rhythm of the fruiting period of time. V egetative growth was dominant
at two different moments: In the period March - May, and after endocarp sclerification in
September. In general, vegetative growth and fruit growth are in contradiction during their
development cycle (Villemur P et. All. 1978). This is expressed with a negative correlation
coefficient (r2= -0.706), and the coefficient of variation for three varieties cv=7.5%. Whereas
vegetative growth with flourishing, have a strong connection and without negative impacts,
value of correlation coefficient positive r2=0.864 and varietal variation coefficient, cv=5.9%.

Table-1, Data on analysis of variance of cv. Kaninjot, Himara and Pulazeqin for fruit growth,
vegetative growth, % oil by Month.

. Kan. | Him. | PZeq
Kan. Him. PZeq. .
Fruit Fruit Fru?(tq Veg. | Veg. | Veg. Kan. Qil. | Him.Qil. P_Zeq Kan. Him | PZ.
Month growth growth growt Grow | Grow | Grow (%) (%) Oil LF. .LF. | LF.
th th th. (%) (%) (%) (%)
(9) (9) h(g) mm) | (mm) | (mm)
3 0 0 0 34 26 13 0 0 0 0 0 0
4 0 0 0 49 39 33 0 0 0 100 100 | 100
5 0 0 0 118 77 66 0 0 0 100 100 | 100
6 0 0 0 82 16 39 0 0 0 378 | 45 45
7 0,84 f 055e |06 b |6 4 5 21c 12 ¢ 1,3g 157 |81 8,1
8 1,66 e 0,8lde | 094 e | 2 3 4 38 ¢ 27 cC 29 f 148 | 6,3 6,3
9 213cd | 1,19cd | 1,24 d | 33 23 18 9,6 bc 7,1 bc 73e | 147 |61 6,1
10 271 b 1,33abc | 1,88 c | 6 4 2 164abc | 125 abc | 146 d | 1,44 | 54 54
11 321 a |151ab | 212b |1 2 2 23,8 ab 16,6 ab 171 c | 143 | 49 49
12 382 Db 169a |18 a |1 1 1 26,1 a 175ab 183 b | 1,34 | 41 41
1 334 ¢ 124ab | 137f | 0 0 0 294 a 19,4abc 216 a| 1,04 | 28 2,8
2 2,78 d 1,1 bc 1,14 c | 5 4 2 35,3 ab 213 a 223 a| 067 |08 0,8

Levels not connected by same letter significantly different

|.e, vegetative growth, flowering and fruit growth in the three varieties has been in unity from
bud differentiation up to flowering, (r2=0.888), (Figure-3). Later they follow contradictorily,
detrimenta to vegetative growth (r>= 0.234), the first stage of fruit growth up to endocarp
sclerification, followed by pulp formation (increase of the volume of the pericarp cells),
fruiting begins to strengthen again (r?=0.445) and this unity resists up to the beginning of
October, where oil formation becomes active, and fruiting becomes weak, detrimental to
vegetative growth up to fruit ripeness, (r2=0.123). In table-1, vegetative growth during the
period April — May is dominant and it had growth of 2.78 mm/day, later it was slowed down
following the period June — August 0.59mm/day. It regained dominant position in September
(1.1mm/day) and it was later characterized for minimal growth up to December
(0.04mm/day). It is obvious that following the active period the growth values were different,
verified by the value of the coefficient of variation. (cv=39%).

In this analysis, the relation between growth and fructification started during the
period of bud differentiation (first stage of fructification), and continues up to the stage of
fruit ripeness. In several phenophases these processes have been in disproportion and have
created unfavourable situations because of nutritional rivalry.
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Fruit growth and oil synthesis. The analysis proved strong interdependence among
the number of fruiting, vegetation and oil percentage. When the coefficient of correlation
fluctuated between the values (r2=0.812-0.913), the quantity of the oil increased parallel with
the increase of fruit weight. This progress went up to a certain limit, after which fruit weight
begins to decrease whereas oil percentage increases. (Figura-3). Fruit in the trees after the
optimal date of the moment of joining of weight with the corresponding percentage of the oil,
have decreased in weight and some oxidation phenomena have increased their acidity and the
unreal oil percentage. Oil percentage at the moment of meeting point constitutes the varieta
biological value. After this moment fruit weight is reduced, whereas oil percentage is
increased as a consequence of fruit dehydration. The correlation coefficient between the
percentage of oil and the average fruit weight after their moment of joining is negative (r2= -
0.233), while cv=3.2%.

Finally the bio-physiological sprig processes and the correlations between fruit
growth, the quantity of the oil and vegetative growth are shown via the ratio V=NTf/S. i.e. ail
quantity (O) serves the number of fruit (Nf) and leaf surface (Sl).

The quantity of oil being a product of metabolism i.e. a genetic feature, has shown
great inter- varietal variability (Isd 1.233 g=0.05), because the Kaninjot cv had 26.1% oil,
Himara 17.5% oil, and Pulazegin 17.1% oil. The process of oil formation within the fruit has
been in strong correlation with fruit growth (r2= 0.860), but it has been in contradiction with
the vegetative growth of the sprig (r>=-0.612), (SAS User guide. 2008).

Three periods have resulted interesting for each variety: (i) from fruiting up to
endocarp sclerfication; the fruit undergoes intensive growth but a low oil synthesis, (ii)
growth of fruit pulp up to ripeness, accompanied by maximal oil synthesis and increase of
fruit weight. In Figure-3, The fruit pulp has increased in correlation with its weight
(r2=0.881). (iii) When the fruit gains maximal weight each variety has a characteristic
quantity of oil. After this moment fruit weight is reduced whereas oil percentage is increased
as aresult of fruit dehydration was expressed by the correl ation coefficient value (r?= -0.233)
and cv=3.2%, (Soltani A. 2007)..

As it can be seen in Tab-1 and Figure-2, in the 1st stage, the fruit have grown 8-
12mlig/day, oil 1-3 mlig/day and vegetative growth 1-1,1 mm/day. Whereas in the 2nd stage,
fruit growth 8- 12mlg/day, oil 1-3 mlig/day and vegetative growth 1-1,1 mm/day. In the third
stage ail isincreased to 12 mlg/day, whereas the fruit loses weight progressively -12 mlg/day.

In the three varieties the fruit have grown intensively detrimental to vegetative growth.
Later with endocarp sclerification, fruit growth and vegetative growth were inhibited.
Whereas with pulp growth even fruit grow a lot until they gain maxima weight being
accompanied by minimal vegetative growth 0.2mm/day and maximal oil synthesis 8mlg/day.
Whereas in the third stagevegetative growth becomes zero and the fruit dehydrates water, thus
losing weight, while oil percentage has increased as aresult of dry matter increase.

Statistical importance of the correlation of processes. Findly, the biological
processes occurring in the sprigs as well as the correlation within the fruit for growth, oil
formation and vegetative growth are shown via the ratio V=Nf/S. The largest the leaf surface
of the sprig the biggest is the assimilation activity and the power of growth. The relation
between vegetative growth and fructification in each variety have evidenced severa
biological ratios. vegetative growth - crown differentiation. Vegetative growth -
efflorescence/fruiting, vegetative growth —endocarp sclerification, vegetative growth —
pulp/fruit ripeness. The number of fruit at ripe for each variety in percentage has been
different and thiswas an individual varietal characteristic.

The number of fruit at ripe displayed differences among the varieties because the
Pulazeqgin cv and Himara had a higher fruit percentage at the period of ripeness 4.9% and
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4.1%, whereas Kaninjot cv 1.34%. Thus although each variety has differentiated a large
quantity of flowers, their fruiting and the number of grains at ripe are considerably low.

The PCA analysis has distinguished the importance that the factors had in correlations
for each variety, and it has found positive links among them. Eight independent factors
possess, as it can be seen in eigenvalue (figure-2), 99% of the whole variability. But four
factors are more important because they possess 86%. In the eigenvectors anaysis of PC1
there are 76% of the possessing capacity referring to 3 vectors of the value PC above 0.3. The
varieties with the independent variables are found in the axis of X, 77% whereas the
difference between the axis y and z, i.e. the importance of the analysed factors is strongly
interdependent with the varieties and between each other.

p
(Prin. Conponents / Factor Analysis J
p
[Princi pal Components J
EigenValue: 9.2998 17753 0.3950
Percent: 77.4982 14.7940 32914
CumPercent: 77.4982 92.2022 95.5835
Eigenwectors:
Kan-Fruit (g) 0.30424 0.24809 0.13766
Him-Fruit (g) 0.30097 0.19047 0.29200
PZ-Fruit(g) 0.29230 0.18393 0.39855
Kan-RV (mm) -0.29277 0.19054 -0.39592
Him-RV (mm) -0.28201 0.25274 -0.19877
Pz-RV (nm) -0.29945 0.23578 -0.21353
Kan-O (%) 0.27621 0.35136 -0.33082
Him-O (%) 0.28291 0.35182 -0.24962
PZ-0O (%) 0.28317 0.34918 -0.24113
Kan-LF (%) -0.27910 0.35524 0.26979
Him-LF (%) -0.28243 0.33897 0.30720
PZ-LF (%) -0.28692 0.3169% 0.31310
.
.

Figura 2. Data for Principal Components Figura 3. The correlations are estimated by
Factor Analysis for three varietiess Pairwise method in Multivariate Correlations
Kaninjot (Kan), Himara (Him), dhe Scatterplot Matrix the main indicators for cv.
Pulazegin (PZ) Kaninjot, Himara and Pulazeqin

The bivariate analysis - correlation parwoise, has analyzed the level of double
relations and has defined the importance and the sense of the relation between the factors and
the cultivars.

The mentioned considerations were proved through anaysis of the variance which
resulted in alower value at F in the minimal limit of importance (5%). V egetative growth, oil
formation and fruit growth are important factors, they rank in PC1 and have a coefficient of
correlation 0.8-0.92. In this case they grow the sprigs as a biological basis for the year in
succession, fruit and fruit growth, and form oil in quantity and quality. Each sprig has
maintained 4-13 fruit, and fruit weight in the sprigs has fluctuated from 12-36 grams.

In diagram 4 and 5, indicates with Statistics Model Comparisonsaccording to
Diagnostics -2Loglikelihood, and parametric estimate; weibull o and Weibull B (figura-5)
have proved the correlation and the impact for each variety with oil synthesis process,
vegetative growth and fruit growth, the link of flowers and fruits, and their performance until
matyrity. After biological matyrity reduced fruit weght associated with not real increase te
percentage of oil.Average oil = -14.69933 + 18.692539* Average Fruit + 3.0176342*
(Average Fruit 1.13917)"2 - 7.3626403* (Average Fruit-1.13917)"3.
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Figura-4 and 5. Bivariate normal ellipse Fit of Average Fruit By Average oil, P=0.05, for three olive
variety, Kaninjot, Himara and Pulazegin.

While elaborating the analysis, when we say that Fruit Growt,h has strong connectin
with Oil Synthesisin fruit, are accepted for the level of a= 0.05, we must understand that this
acceptance is statistically important for a=0.05 and tf <tk. (t>2). r2= 0.821-0.900.

In the flowering phenophase and until the fruit matures, the value tf>tk, 2.2092>2.
This proves the hypothesis that vegetative Growth influences on the flower fertility, oil
synthesis and fruit growth.  the result is statistically unimportant for a level of the value
tf<tk.

Conclusions

Three olive varieties have different individuality, have specific relations with the
environment, have different thermal constant, consequently, different behaviour for biological
processes, above al for fertility and oil synthesisin fruits.

The biological processes occurring in the sprigs as well as the correlation within the
fruit for growth, oil formation and vegetative growth are shown with typical values of
interdependence.

During the vegetative cycle, each variety ha demonstrated different values of the
relations with positive or negative inpacts.
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Abstract

The objective of this study was part of the experimental station of the ITGC of Setif (Algeria)
during the campaign (2008/2009), is to determine the best previous crop among legumes,
fallow, wheat for a culture durum (WAHA) driving under direct seeding in semi arid to obtain
appreciable yieldsin quantity and quality.

The results of dtatistical analyzes of variance at the 5%, showed significant differences
between these precedents on wheat yield components such as: "Number of ears / m, grain
yield, 1000 kernel weight, fertility cob and stalk height at maturity. " This alowed the
establishment of a comparison of the means of Newman-Keuls this threshold where the
previous "lens’ has recorded the best yield of grain was 27.4 quintals / ha the previous wheat
gave amaximum value for the parameters: "1000 kernel weight, fertility, and corn stalk height
at maturity." The previous fallow him, gave the maximum for the variable "Number of ears /
m". These results alow us to conclude and confirm the effectiveness of previous "legumes
and fallow" to 62.5% from the previous wheat despite the good results that he gave during the
campaign, it remainsto check on them several other campaigns in order to rule.

In conclusion we can argue that crop rotation is always a best management practice and in the
absence of tillage, it may take even more important, increasing yield, the rate of organic
matter in soil and the availability of nitrogen if it includes nitrogen fixing legumes. In
addition, the rotation in no-till systems presents some challenges to overcome-especialy-
weeds.

Keywor ds.previous crop, direct seeding, rotation and semi arid.
I ntroduction

Cereals and their derivatives occupy the largest share in the Algerian food system (AMARA,
2006). However, BENFERHA and MEDERBAL (2009) note that the device Algeria cereal
production is very low productivity. Over long periods, we find that average yields are very
low (17 million quintals compared to estimated needs at 63.5 million cwt for 2008). Indeed,
the annual production volumes are subject to strong variations due to weather, but aso
according BELLIDO- LOPEZ (1992), there has been a continuing degradation of natura
resources mainly due to misuse and inappropriate farming techniques.

Thus, intensive tillage leads to a deterioration of soil quality that threatens the long-term
agricultural production in the Mediterranean basin (BELLIDO - LOPEZ, 1992). Zaghouan et
a (2006) aso believe that conventional tillage adopted and implemented in several passages,
induces an increase of erosion by wind and water, the destruction of organic matter and soil
structure ; Add to that the high cost of production (ESCRIBANO, 2006).

Works such as those of RAGUIN (2008) in Morocco, show incontrovertibly that improving
and stabilizing crop yields in semi-arid areas can only be achieved through long-term and
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replacement work conventional soil tillage or non-tillage (BOUZZA 1990; Kacemi 1992;
MRABET 1997; MRABET, 2000).

Simplified cultivation techniques and direct seeding vegetation appear as aternatives to even
correct the negative impact of production systems adopted by farmers. They arrive at better
controlling erosion, organic matter stoker, improve water efficiency and restructure the soil
under the effect of improved biological activity (KRIBAA et a, 2001).

However, the practice of direct seeding leads to problems of invasion by weeds whose
solution isto use an appropriate rotation grass/ broadleaf (DERKSEN et al, 2002). .

Indeed BELLANGER et al. (2007) advocate cropping systems based on crop rotation, which
are recognized as beneficial to maintain soil productivity and quality of production. Also
Oueld SAID et a (2002) report that the rotations cereals / legumes are probably the most
interesting in the agronomic driving conditions in the dry semi-arid regions; legumes enrich
the soil fertility nitrogen , but this type of rotation contributes to the reduction of fallow is
currently atopic of discussion.

Therefore we tried by the present work, to show the importance of rotation in production
systems, under direct seeding to maintain significant levels of performance and to avoid the
disadvantages of monoculture (weed , diseases .... etc..) compared to conventiona tillage and
cultivation techniques simplified, and eventually, to determine the best precedent for a durum
wheat crop from: legumes, wheat and fallow in order to have good performance in terms of
guantity and quality.

Materials and Methods

The experiment was conducted during the crop year 2008/2009 and carried out on the lands of
the Middle Agricultural Technical Institute (ITMA) of Setif working in collaboration with the
Technical Institute of Crop (ITGC) of Setif. This station is located partly in the small valley of
the river of Oued Bousselam which is situated in the center of Setif and it belongs to the semi-
arid zone (KRIBAA et a, 2001)

According to the Table 1, we find that the the growing season 2008/2009 is devided into two
major periods: wet and dry periods. The wet season lasts approximately seven (07) months
(from September 2008 to April 2009), but the dry period lasts only three months, which are:
August 2008, May and June 2009). It can be seen that June is the driest month (4.7mm) and
the hottest of the campain 2008/2009 ( 22.13 °C). While the coldest period of the campain,
which coincides with the life slowed vegetation, corresponds to the months of December,
January and February (5.27 °C, 5.54 °C and 5.41 °C). This indicates that there is an inter-
monthly variation during the experimentation reflecting great irregularity at both levels,
temperatures and rainfall which annual quantity (386.1mm) shows that the crop was just
rany.

During this campaign, we recorded 62 days of frost spanning from November 2008 to May
2009, including 19 days (March, April and May) corresponding to the high sensitivity of the
plants.

Plant material

The durum wheat variety that was used in the test is Waha. this is obtained from CIMMY T
(1979) and introduced in Algeria at the ITGC Setif in 1986 through the center of ICARDA in
Syria. Table 2 below, shows the agronomic characteristics of this variety.
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Table 1: Rainfal, temperature and other climatic factors characterizing (the season 2008-2009)

Parameters Ral rr:l]‘ra;lll in Temperaturesin® C Others
20082009  Min  Max  Avg. 82'}/95 (%”a‘;"s‘; (Sé;?g)’

September 44.90 14.14 26.54 20.34 - - ---
October 55.40 10.11 20.63 15.37 -—- - ---
November 22.80 3.53 12.94 8.24 05 - -—-
December 38.10 122 9.52 5.27 14 04 -
January 66.30 1.60 9.50 554 10 05 ---
February 38.20 10 9.83 541 14 03 -
March 31.50 244 14.38 841 12 03 ---
April 79.10 3.36 14.76 9.09 06 02 -
May 5.10 9.34 24.88 17.09 01 - -—-
June 4.70 13.06 31.20 22.13 --- --- -
Total 386.1 59.80 174.18 116.99 62 17 ---

Table 2 : Characteristics of the variety Waha

Agronomic parameters Characteristics
-ear -Half-loose to compact, clear amber to
red
-Plant height at maturity -80- 90 cm
-V egetative cycle -Early
-Tillering -Medium to high
-Resistance to cold: -Tolérante
-Lodging: -Résistante
-The drought: -Sensible
-Conduct against diseases. -Resistant to: powdery mildew, eyespot

-Moderately resistant: fusarium, septoria
-Tolerant to: yellow, brown and black.
Rusts

-Sensitive: take-all.

-Weight of 1000 grains -Medium.

-Technological characteristics -Semolina Quality: good enough.
-Resistant to: mitadinage, fly and
ginning.

-Characteristics cultivation -Sowing time: November-December.
-Dose seed: 100-120 kg / ha

Source BOUFNAR-ZAGHOUANE et al (2006).

Previous cropping and Crop management:

The Factor studied focuses on five different cropping history of the culture of the current
season (2008-2009) of durum wheat variety Waha (Tables 3)and Table 4 summarizes al the
cultivation techniques practiced during the campaign.
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Table 3. The previous cropping and their abbreviation

Block 1 2 3 4 5
Precedent  Lens/Wheat Chickpea/Wheat Wheat/Wheat Medic/Wheat Fallow/Wheat
Abreviation Len/blé Pc/blé bl&blé Med/blé Jblé
Table 4. Crop management
CUIt'Yat' on Dates and Particul arities
techniques
Sowing November 23rd 2008 using a specialized drill brand Semeato 4 meters, with a
density of 300 seeds/m2.
-Fertilizers background as TSP (Tri-super phosphate) 100K g incorporated with
Fertilization  the seed. (Localized fertilization)
-Fertilizers coverage Sulfazote 120K g/ha at early tillering.
-Weeding post-sowing with a total herbicide: Glyphosate total (or 480g /I
Weeding Glyphosate isopropylamine salt) at a rate of 2.5 | / ha further of an acidifying
Lawer7 acid in an amount of 90 ml in 300 | of water /ha
-Post-emergence weed control with Granstar due to 15g/ha
Harvest The grain harvest was carried out on 27/06/2009 using a combine harvester type

HEGES0 with 1.19 m in width a surface area of 71.4/nm2 per plot.

Experimental Protocol:

The experimental device is adopted en bloc complete random distribution. The main plot is
divided into five blocks, each measuring 6 m wide by 60 m long, each block is divided itself
into four elementary plots (replicates) of 1.5 m wide each, the blocks are spaced apart by 2 m

(Graph 1)

-

— i — 1m

Graph 1: Experimenta protocol

The measured parameters:
For reasons of convenience, these abbreviations will be used in the following paragraphs to
present each parameter (Table 5)

Table 5 : Measured traits and their abbreviation
Parameters Abbreviation
Number of emerged plants per square meter Pt /m?
Number of herbaceous tillersper square meter Th /n?

Number of ears per square meter Epi /m2
Cab (Epi) fertility Fert
Stem height at maturity Haut
Le poids de mille grains Pmg

L e rendement paille Rdtp

L e rendement en grains Rdtg
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These traits have been measured and The STATITCF software version 5.0.was used for the
statistical trestment of data.
Two approaches were used for this purpose:

- The analysis of variance the effect of the five previous under direct seeding on yield
components, followed by a comparison of means of Newman-Keuls to highlight the
best results compared to the effect of various precedents used.

The connection between the studied variables was evaluated by correlation matrix at
the threshold of 5%.

Results and Discussion

The analysis of variance showed highly significant effects for the variables Epi /m2, and Pmg
Rdtg (p<0.00) and a significant effect for Fert. and Haut. (p<0.01). Thisis explained by the
fact that these traits constitute the most important components of performance, they can give
to each species its own potential. While variables Pt/m?, Th/m? and Rdtp are not significant
(Table 6).

This result means that the various precedents show no significant difference with regard to
their effect on the lifting of the wheat crop, and that no significant difference can be attributed
to the use of the same variety (Waha) with the same seeding and tracking the same route
technique (date of sowing, weeding ... €tc..).

In addition, according ABDELLAOQUI et al. (2006), the settlement to the lifting ensure largely
successful culture and has an important role in determining the population ears, which is an
important component of performance.

Table 6.Results of the analysis of variance
S: significant NS: not significant
Significant (*); very significant (**) highly significant (***)

The effects of previous cropping by comparing averages of Newman and Keuls on the
measured parameters gave these results:

1-Number of ears per m2;

The results of the Graph 2, give a ranking into three groups according to the test of
comparison of means with J/blé at the head (group A) of all previous cropping.

The heading stage is an important step in the life cycle of the plant. At this stage, the plant
architecture becomes apparent and reaches its maximum. Most often, it gives an indication of
the capacity of producing differential varieties. (KIRBIY et al, 1999).

Source of variation  DDL  Pt/m2  Th/m? Epi/m? Pmg Fert Haut Rdtp Rdtg

Var. totales 19 584.17 3316.37 255341 11.62 1890 1892 83.06 2529
Var. précédents 4 150.38 3973.30 10186.17 45.27 69.72 3291 127.72 104.39
Var. résiduelles 12 174.14 1232.10 510.65 2.25 4.99 870 6574 3.89
Ecart type (E.T) 1320 35.10 22.6 15 2.23 295 811 1.97
Coefdevariation( %  --- 5.1 8.8 9 5.4 7.6 4.6 27.9 9.6

Test FISHER 0.86 3.22 10.95%**  20.15*** 13.96** 3.78* 1.94 26.85***
Signification statist. - NS NS S S S S NS S

On the stand ears per m?, a highly significant difference of this component was revealed by
the analysis of variance at 5% (Table 5). This can be attributed to the coincidence of this
phase with the drought (May: 5.10 mm, June: 4.70 mm according to Graph 1), causing the
plants to draw their water from the ground, and according to the potential of each of these
cultures:
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Falow has alarger pool compared to other precedents;
Chickpea consuming plenty of water (taproot system exhausting water in the soil);
The lens develops alot of dry matter ( then higher water requirements);
Same goes for the medic except that it isinfested with weeds;
- Not to mention the effect of monoculture wheat / wheat.
All these features water, will essentially explain these results

350 7
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précédents

Graph 2: Number of ears/m?

2-The weight of athousand grains:

According to the Graph 3, the highly significant effect of this variable has a ranking of three
homogeneous groups. It appears that the thousand grain weight of blé/blé precedent, is
ranked first (group A) because of the low density recorded in the population épis per square
meter during the heading stage .GATE (1995) notes that the thousand grain weight decreases
significantly under the effect of high temperature or water deficit which coincides with grain
filling;fertilization and weed density can aso reduce the size of the grain, as well the filling
stage in our case, coincides with a period of low rainfall in May (5.10 mm on Table 1)
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Graph 4: Cob fertility Graph 3: Thousand grains weight.

3-Cob fertility (the number of grains per ear):

SOLTNER (2005), noted that the number of grains per ear varies between 21 and 40
grains/ear,which corroborates with our results as the overall average is 29.23 (Graph 4)

The significant difference between the previous crop for this variable was used to classify
them into two groups, the second set includes all legumes which reflects the absence of
statistically significant difference between them compared to monoculture. This result can be
attributed to the fact that the number of grains is influenced by the quality of the soil water
reserves, as well as nutrition nutrients such as nitrogen and phosphorus (SOLTNER 1978;
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Kolev, 1979).The trade-off between yield components may also occur. The filling phase
which takes place under high water and thermal stresses, gives very low yields, even if the
state of the plant at the heading stage promises a good yield, following growth conditions of
the post -heading (ABBASSENNE et al, 1998). This component is critical and is considered
as an essential component of the final yield and it decreases gradually as the number of ears
per m2 population increases (in case of water deficit in grain filling stage),

4-The stem height at maturity:

Stem height at maturity is varying between 60 and 70 cm (Graph 5), which approximates the
results of BENNASSEUR (2004) indicating a broader range (60 - 110 cm).

For that, precedents are distributed in three homogeneous groups ranked by comparing the
average (Table 9), where previous. wheat and lens constitute the first group with nearby
averages. The rest of the groups are formed by: Jblé, Pc/blé and Med /blé that not much
different from the first group
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Graph 5: The stem height at maturity
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Graph 6: Grainyield

5-Grain yield:
For this trait (Rdtg), the results in Graph 6, provide a ranking into four groups according to
the test of comparison of means (Graph 6) and show that compared to an overall average of
20.61 quintals/ha, the precedent lens/wheat with 27.45 quintals/ha (group A) is the best one
among all the precedents.
BELAID (1996) notes that a wheat following to lens crop whose performance is higher than 4
quintals/ ha, requires less nitrogen than wheat after hay vetch-oats.
The values of the linear correlation coefficients are used to study the links between the
variables. Existing correlations are of two types (Table 7)

Table 7: Correlation matrix

Pt /m2 Th/m2 Epis/m?2 Pmg Fert Haut Rdtp Rdtg
PUM? 1.000
0,449
2
Thim eo0s 1000
Epigm? 0.072 0.075 _ 1.000
Pmg 0.067 0175 281" 1 000
: A5 hcoooy T
0708 0642+
Fert 0.164 0064 7000 (oeboony 000
Haut 0.431 0325 -0.042 0.314 0245 1000
Rdtp 0.095 0321 0.280 0056 0009 0136 1000
0470 0453  0.484
Rdt g 0.057 0222 -0.321 (he005)  (ho05) (meoos) 0203 1000

At the threshold of 5%, ddl = 18, correlation coefficient r = 0.4338

Significant negative correlations such as those between Pt / m2 and Th /m2 (r=-0,449), this
indicates that in proportion as the number of plants raised per m? increases, the number of
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tillers per m? decreases ; there is also a highly significant correlation between variables Fert
and Epi /m2 and between Pmg and Epi /m?2 respectively r = -0,708 and r = -0,817, this means
that a large number of ears per m? causes a decrease in fertility and therefore inthe thousand
grain weight. Significant positive correlations. Rdtg is moderately correlated with Fert (r =
0.453), Pmg (r = 0,470) and the Haut (r = 0,484) where it can be deduced a highly significant
correlation between the Fert. ears and Pmg (r = 0,642).

Finally we can conclude that these yield components, in this case, have fulfilled their role.

Conclusion

At the end of this work which was initially intended to draw the importance of rotation in
production systems and identify the best among previous. legume, fallow and wheat under
direct seeding in semi-arid area, we can conclude that:

Various previous induced some variability in agronomic traits measured. Indeed, the analysis
of variance at 5% showed that previous cropping really induces significant differences
characters: ears per m?, thousand grain weight, fertility ears, stem height at maturity and grain
yield which gives arate of distinction between these previous results about 63% confirmed by
the study of correlations where the previous lens achieved very good results, especialy for the
trait grain yield.

This study enters in the ITGC station program within the introduction andextensionof the
system of direct seeding in the high plains areain particular, and Algeriain general, compared
to Morocco (20 years of research on direct seeding) and Tunisia (5-6 years of research) where
system has been tested and has reserved areas where it does not cease to grow. So whatever
the cropping, crop rotation is always a best management practice. In the absence of tillage, it
may take even more important; especialy to interrupt the life cycle of insects, diseases and
weeds that crop rotation can also increase performance, the rate of organic matter in the soil
and the availability of nitrogen if it includes nitrogen-fixing legumes. However, crop rotation
tillage systems present some challenges.

This system can be an effective way to ensure that conservation agriculture and ensure the
sustainability and preservation of the environment. But this can be done by:

1-A more intensive program of research carried out on the direct seeding.

2-Dissemination of research findings in the producer middle and farmer participation in
development program and engagement should ensure widespread adoption of the system in
farms. In addition, financial support for farmers is recommended to purchase specific
equipment.The beneficial effect of direct seeding on the components of the environment is not
found as soon as the early years of his practice, but probably in the long term and with the
rotation, the evolution of soil structure and its chemical composition positively influence
productivity and soil quality. The results of this study are preliminary to better capitalize on
this research topic we strongly recommend its recovery with a possible extension in time and
space in this case deal with new issues such as rotation and evolution of weeds, insects and
diseases conducted under direct seeding.
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Abstract

The soil-borne pathogens of plants that cause root rot, crown, ring rot and seedling
blight are the mgjor factors limiting crop yields and fiber plants. Resistant varieties of plants
are not available for many pathogens and chemical control is often not sufficiently effectivein
the soil. Moreover, a reduction of pesticide use is considered to reduce the potential for
environmental pollution. Improved properties suppressive soil will limit the development of
diseases, is of great importance to ensure agricultural sustainability and the development of
organic farming systems. The aim of our work fitsinto the context of sustainable development
and ecosystem preservation, by the introduction of biological control agents in order to limit
the use of chemical inputs in agriculture. This work is done by selection and isolation of
indigenous bacteria from the soil of potato crops, can hinder the development of pathogenic
fungi by their adversarial nature. The preliminary screening alowed us to select a group of
microorganisms capable of reducing in vitro growth of phytopathogens such as soil fungi.
This work allowed us to isolate bacteria belonging to the genera Bacillus and Pseudomonas.
These bacterial populations have inhibited fungal growth by a percentage ranging from 0% to
92%.

Keywords: biological control, antagonism, soil borne pathogens.

Introduction

The soil-borne pathogens that cause plant rot roots, crowns, wilting and damping off
are the main factors that limit crop yields, fiber, and ornamental plants. Most telluric
pathogens are difficult to control with conventional strategies such as use, host resistant
cultivars and synthetic fungicides. The absence of reliable chemical controls, the development
of resistance to fungicides and the degradation of host resistance by the pathogen populations
are maor factors that highlight efforts to develop aternative control measures (Haas and
Défago, 2005).

The search for dternative strategies was also stimulated by concerns public on the
harmful effects of fumigants ground such as methyl bromide on the environment and human
health (Léon et al., 2009).

Suppressive soils are probably the best natural examples in which the indigenous
microflora effectively protects plants against pathogen. Initially removing soil became
apparent because the incidence or severity of the disease is lower in comparison with infested
soil. Suppressive soils have been described for many soil-borne pathogens, such as:
Gaeumannomycesgraminis var. tritici, Fusarium oxysporum, Aphanomyces euteiches,
Heterodera avenae, H. schachtii, Meloidogyne spp. Criconemella xenoplax, Thielaviopsis
basicola, Phytophthora cinnamomi, Phytophthora infestans, Pythium splendens, P. ultimum,
Rhizoctonia solani, Sreptomyces scabies, Plasmodiophorabrassicae and
Ral stoniasolanacearum (Haas and Défago, 2005).
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Material and methods

Fungal strains:

Four funga strains were use dis this study, Fusarium solani (LMA), Phytophthora
infestans (Pr. Larous), Fusarium oxysporum f. sp. albedinis (INRA, Alger) and Fusarium
solani var. coeruleum (Institut Pasteur Paris, France).

Soil samples

The soil samples were obtained from potato fields in three regions of S&tif, at which
samples are taken randomly.

The first and third samplings were conducted in a soil that received culture of potatoes
harvested for almost a month, at a depth of 10 to 15 cm. The second was made in April of the
same year, but in a potatoes culture. Sampling were performed in separate strata of soil:
rhizosphere soil, spermosphere (soil) and soil adhering strongly to potatoes tubers

Thesamples were storedinsterileplastic bags, then reported the laboratory.After
dryingin an oven at28°Cfor 24 hours, the soil is subject to sieving tohavequite finesoil
grains(sieve mesh of 1.5 mm).Finally adilution series were made.

Microorganisms trapping

Trapping  ofmicroorganismdescribed  byTivoliet  al.(1983), inspired by
Lansadework(1950), is tospread aportionof the earthto be testedon the wafer half-tubers
andfreshlysevered,afterincubation, the level of soil contaminationand the nature
of microorganisms were determined.

Analysis of bacterialmicroflora

Isolation

The primary screening of bacteria with antifungal activity is carried out according
Léon et al. (2009).

Analyses of the bacterial microflora are made by the method of suspensions dilutions
(Tamietti and Pramotton, 1990). 30g of each soil sample was suspended in 75ml sterile saline
water (Tivoli et al., 1990). After stirring (for 30 minutes) and a settling period (for 15 min), a
series of suspension 1/10™ dilutions is made from these supernatants (Tamietti and Pramotton,
1990).

From thepreviousdilutions, 0.1 mlwas plated onPDAiIn dua culture with
fungaldisc(reference strains studied). Plates were incubatedat a temperature of28C°for 15
days (Aliye et al., 2008).Bacteria whichinhibitedfungal growthwereselected tobe purified.

Purification
Bacterial strains with fungal inhibition were purified by a series of successive transfer
of the isolated colony on Nutrient Agar in two to 5 times (Jalal et al., 2006).

Test of antagonism:
The sametest was used as thatcarried outfor the isolationexcept, weused purebacterial
strains were incubated until thefull growthof the control withoutbacteria (L éonet al., 2009).

Results and discussion

The screening strategy used was to isolate natural antagonistic cultivable bacteria. The
primary screening alowed us to select a group of microorganisms which can survive in the
presence of other phytopathogenic microorganisms. The Exploration of the biodiversity in
microorganisms from potatoes field soils has highlighted two categories of bacteria with
antagonistic capacity. We focused our study on populations of the most common bacterial
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genera, such as Gram-positive spore-forming belonging to the genus Bacillus and Gram
negative belonging to the genus Pseudomonas.

The antagonistic test performed by dua culture between thebacterial isolatesand the
fungal strainsstudied (Fsc, Foa andPi),showed an inhibitory actionbetween these
microorganisms.The inhibitionvariedbetween 0 and 92.30%, depending on the
isolateandpathogen considered(Tablel). 14 antagonistic strains that have been selected in vitro
have revealed an antagonistic effect proved. In fact, three isolates showed an interesting
activity against the three phytopathogenic isolates studied. Léon et a. (2009) reported that
among 80 isolates with antifungal activity greater than 40%, and 150 microorganisms selected
from isolated, six showed antagonistic activity against the phytopathogenic fungi studied
(Ascomycetes, Deuteromycetes and Oomycetes).

Some isolates are antagonistic against the three fungi studied, the high activity was
obtained with isolate 20b, the lowest one was obtained with isolates 17b and 24b. Whereas,
some are antagonistic against two fungi and finally four isolates are antagonists to one fungus
(Table 1). These strains belong toGram-positive and Gram-negative. Among the studied
Grampositivestrains, 4.16% inhibitthe growth of Fusarium solanivar.coeruleum6.25%inhibit
the growth of Fusariumoxysporum f.sp.
al bediniswhiled.16%i nhibitPhytophthor ai nfestans.Whereasinbacteria Gram-negative,
16.66%inhibitthe growth of Fusariumsolanivar.coeruleum, 14.58%inhibit the growth
of Fusariumoxysporum f.sp.albedinisand10.41% inhibitPhytophthorainfestans.Of the 7strains
ofinhibitoryGram-negative  bacteria, which  colonize the rhizospherea single
straininhibitsthreephytopathogenic ~ fungi.Our  result are similar to those of
NionandToyota(2008),whoisolated270strainsfrom  thefive isolates  ofBurkholderiawith
provedantagonistic effect againstRalstonia solanacearum and those ofKamilovaet
al.(2005),whoselected16 I sol atesof fl uorescentPseudomonascol onisingthe rhizosphere
oftomato,among whicha single isol ateeffectivelyinhibitfourof the fivetestedfungi.

Table 1. Percentage of fungal inhibition.
Rate of inhibition

Zones Souches Mitosporic fungi Oomycetes
Fsc Foa Pi
22 375 53.48 Nd
5 34.72 76.74 Nd
1 9? 6.94 6.97 Nd
8 0 53.84 Nd
1P 6.25 375 0
16° 41.25 425 0
17° 85 1.25 30
18° 46.25 Nd 34.21
20° 825 92.30 63.15
2 2P 52.5 43.75 0
24° 325 325 25
2° Nd Nd 35.75
6° Nd Nd 86.25
7° Nd Nd 7.5

Zone 1: spermosphere ; Zone 2: rhizosphere; a, b et c: 1% 2™ and 3 sample ; Fsc: Fusarium solani
var. coeruleum; Foa : Fusarium oxysporum f. sp. albedinis; Pl : Phytophthora infestans; Nd: not
determined.
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Conclusion

Our results are consistentwiththe hypothesis,that thegroup
microorganismsi solated,would be responsible forthe general suppressionin the soil.
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Abstract

Berry fruit consumed fresh or processed into various products (juices, jams, fruit yogurt, ice
cream, beverages, etc.) provides a valuable addition to any diet of people around the world.
Surveys carried out in the last ten years show that berries, because of the content of
antioxidant substances, vitamins, minerals, fiber and other physiologically active components,
significantly affect the preservation of human health.

Chemical composition of berries has a great influence on their appearance, color, smell and
taste. These types of fruit has a sweet taste, fruity smell, soft and juicy flesh consistency. Fruit
color, depends on the berry type, can vary between the bright red and dark blue shades.
Chemical fruit composition of each variety is greatly influenced by environmental factors,
maturity stage and storage conditions.

In this paper the authors are presented results obtained during the examination of basic
chemical composition, vitamin and mineral content, and the content of antioxidant substances
in several species of wild berries, which produced in the eastern part of the Republika Srpska.
Content of water determined in different berry is following: strawberries (80.51- 85.19%),
raspberries (80.86-83.76%), blueberries (79.37-85.12%), black currants (75.06-80.46%),
blackberries (82.16-86.11%) and gooseberries (81.16-84.24%).Depending on the type of fruit,
protein content ranged from 0.50-0.92% (strawberry) to 1.42-1.65% (black currant), the
average carbohydrate content from 8.00% (blackberry) to 13.06% (black currant), the average
fat content from 0.23% (black currant) to 0.77% (raspberry), and ash content ranged from
0.15-0.28% (blueberry) to 0.68-1.10% (black currant). Energy value of berriesis low (below
50 kcal/100 g).The analysis shows the following contents of calcium (5-50 mg/100 g), iron
(0.30-1.30 mg/100 g), zinc (0.10-0.60 mg/100 g).Among the vitamins, ascorbic acid (1.9-
60.51 mg/100 g) and riboflavin (0.02-0.05 mg/100 g) were determined.

The content of total phenolics and anthocyanins was determined in raspberry, strawberry and
blackberry fruit.

Keywords:wild berries, chemical composition
I ntroduction

According to FAO data (FAO, 2012) berries have great economic importance in world
production and processing of fruit.The countries of the Western Balkans, by participation in
the production of some types of soft fruit and berries are the leading European and world
producers.For example, Republic of Serbia has a leading position in raspberry production
achieving the third place in the world. An average raspberry production in Serbia during the
period of 2002-2010 is 82,360 Mt. In this period the average production of strawberries in
Serbia is over 35,000 Mt.Production of strawberries and raspberries in Bosnia and
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Herzegovinais small, but there is evident increase in seeded area with regard to the quantities
produced in the last ten years.The production of raspberries in Bosnia and Herzegovina in
2010 increased 10 times compared with production level recorded in 2002 (FAO,
2012).Conventional production of this group of fruits is an example of good organization in
agricultural production.

Besides large world production of berry fruit in conventional conditions (strawberries,
raspberries, blackberries, black currants, red currants, gooseberries, grapes and other) harvest
of wild fruits (strawberries, raspberries, blackberries, blueberries, cranberries, etc.) contributes
to total world production of berries (Céspedes et a., 2010; Kubola et a., 2011; Garzén et al.,
2010).

Berries on the market can come in one of three ways (Zhao, 2007): (a)direct sale - the
customer pick fruit or collector is sold fruit, (b)selling through local stores or through online
trade, in the case of imports, and (c)placement of processed fruits (frozen, dried fruits, fruit
processed into jams, jellies, juices, wine, ice cream, fruit yogurt, dried fruit mixtures, etc).

The chemical composition of berries depends on many factors: variety, environmental factors,
stage of maturity, time and method of harvest, conditions and duration of storage.The
influence of these and other factors on the quality and acceptability of berries by consumers
has already reported (Castrejon, 2008; Giovanelli G., Bobinaité et al., 2012).1t is very difficult
to identify the specific factors which determine the quality of berry fruits. Large number of
chemical substances (carbohydrates, proteins, minerals, organic acids, vitamins, pigments,
phenolic compounds, etc) can be contained in different concentrations in mature fruit, and
they can react each other in different ways (Starast et a., 2007).

Berries have a prominent sweet taste and fruity smell. The fruits have a soft consistency.
Color of ripe fruit can vary from yellow through red and continue to blue or black shades,
depending on the type of pigments that are found in fruits and on their relationship (Zhao,
2007.). Berries are an important source of minerals, vitamins and other biologically active
substances. Berry fruits providing significant effects on human health.

The quality of berries is defined by the following parameters. size and weight, uniformity of
fruit shape, color, texture and firmness, soluble solids percentage (°Brix), pH, titration acidity,
anthocyanin content, etc.

Visual perception of fresh and / or processed fruit is the first factor that indicates the quality,
color, taste and smell of the product.Volatile and nonvolatile compounds greatly influence the
sensory properties of berries (taste, flavor, and color) (Koni¢-Risti¢, 2011).Soluble sugars
(sucrose, glucose, and fructose) and their relationship with organic acids and volatile aromatic
substances present in fruits are most contributors of their sweet flavor (Zhao, 2007; Kubola et
al., 2011). Organic acids, especialy ascorbic acid, acting an important role in extension of the
sustainability and preservation of fresh fruit colorsbased on anthocyanins stabilization.
Increase consumption of berries in the world is associated with the action of some active
ingredients (vitamins, minerals, dietary fiber) and their influence on the reduction of people
number suffering from certain chronic diseases, including heart disease and cancer (Acosta-
Montoyaet a., 2010; Leeet a., 2012; Kubolaet a., 2011).

Although berry fruits have been the subject of different studies reported before, thereis alack
of information on chemical composition and sensory characteristics of wild berry grown in the
eastern part of Republika Srpska and Bosnia and Herzegovina.The aim of this study was to
examine nutritional value of some types of wild berries that grow in Podrinje region.

M aterials and methods

Fruit samples tested in this paper were collected during full maturity in the period of 2011 -
2012 from wider area of Srebrenica and Bratunac municipalities.Approximately 1 kg of fresh
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fruits per species were collected at peak ripeness and quickly transported to the laboratory.
Samples of the same fruit species were collected at 5 locations. The samples were packed in
plastic bags and transferred to the laboratory where it was analyzed in refrigerated conditions.
The fruits were mashed in a homogenizer and prepared for further analyses. Four replicates
were used per anaysis. Basic analyses of chemical fruit composition were performed using
standard methods of analysis (AOAC, 1990). pH was measured in the aqueous extract using a
pH meter.The titration acidity was determined by neutralizing with 0.1 M NaOH solutionand
results were expressed as citric acid equivalent (g/100). The content of anthocyanins and
phenolics was determined using Escribano-Bailon et al. (2006) method.

The experiment was a completely randomized design with four replications. Data were
subjected to analysis of variance (ANOVA) and means were separated by Duncan’s multiple
range test at p<0.05 significance level.

Results and discussion

Content of chemical compounds contained in different berries are shown in Tables 1-4. As
can be seen from Table 1, the water content ranged from 75.06 % (black currant) to 86.11%
(blackberries). When we compare the results for 2011 and 2012, notes that a significantly
lower (p<0.05) water content of the fruit from 2012.0ne of reasons for this may be the lack of
rainfall during the summer of 2012.The dry matter content is proportiona to the total
carbohydrates, total sugars, proteins and minerals (Table 1).The results obtained by measuring
these properties are presented as a mean values.Various factors, especially, climate and
rainfall have a major impact on each of these properties.

Minera content in the berry fruit is higher than content in other plant foods, especialy related
to animal products (Plessi, 2007).Blackberries (0.60-3.78 mg/100 g), black currant (1.54-2.79
mg/100 g) and blueberries (0.25-1.38 mg/100 g) are exceptionally rich in iron, black currant
(49.36-60.56 mg/100 g)and raspberry (28.45-30.45 mg/100 g) are rich in phosphorus, black
currant is aso rich in calcium (54.24-58.72 mg/100 g), while blackberries (0.51-0.62 mg/100
g) and raspberries (0.39-0.48 mg/100 g) extremely rich in zinc. As cited by (Plessi, 2007) this
group of fruit isrich in content and selenium, manganese, etc.

Berry is arich source of vitamins. Zhao (2007) stated strawberry, black currant and raspberry
are well-known as a source of vitamin C, strawberries as a source of riboflavin, and black
currant as a source of pantothenic acid.Strawberry also contains a high level of ascorbic acid
(60.12-70.45 mg/100 g) whereas currants are recognized as a source of riboflavin (0.05
mg/100 g) (Table 2).

Severa authors (Castafieda-Ovando, 2009; Céspedes, 2010; Kubola et al., 2011) reported that
the fruit quality is not only result of the content of mentioned ingredients. A number of
different pigments and other physiologicaly active compounds are contributing to the
protection of human health.Total phenol content in raspberries was in the range of 240-400
mg/100 g, followed by the values recorded in blackberries ranging from 110-180 mg/100 g
(Table 3). The content of total anthocyanins in the fruits ranged from 20 — 65 mg/100 g
(raspberry) and 35 - 125 mg/100 g (blackberry).

Berries are a rich source of polyphenols, especially flavonoids (anthocyanins, flavonols, and
flavan-3-oils).Hidoxybenzoic acid derivatives are also present in berry fruits (Zhao, 2007,
Plessi, 2007; Acosta-Montoya et al., 2010; Bobinaite et al., 2010; Buricova et al., 2011).Many
factors influence the composition and quantity of phenolic compounds in fruits.The main
anthocyanins, which can be found in berry fruits, differ according to the number and position
of hydroxyl and metoksil groups located on the B ring.Anthocyanins found in strawberries are
solely nonacylated form (over 99%) (Wu et al., 2006). Similar situation is observed with
cyanidin derivatesof blackberries and red and black raspberries.Blueberries are a unique berry

156



Third International Scientific Symposium "Agrosym Jahorina 2012"

fruit which contains contain the mono glycosides (glucosides, galactosides, and arabinosides)
of delphinidin, cyanidin, petunidin, peonidin, and malvidin (Wu et al., 2005).

Total phenol content, ranged from 428 to 1079 mg/100 g in black colored fruit, 192 to 512
mg/100 g in red fruit, 428 to 451 mg/100 g in pink/red fruit, and 241 to 359 mg/100 g in
yellow fruit. Obtained results are in accordance with previously published data of Wada and
Ou (2002) and Zhao (2007). Anthocyanins are the major phenolic present in black raspberries,
with levels ranging from 464 to 627 mg/100 g (Wada and Ou, 2002). Red raspberries contain
much lower levels of anthocyanins than black raspberries, with values ranging from 19 to 89
mg/100 g. The levels of total phenolics over al studies range from 43 to 273 mg/100 g. The
levels of total phenolics in blackberry over al studies range from 114 to 1056 mg/100 g.
Anthocyanins are the major phenolic in the berry fruits with concentrations ranging from 31
to 256 mg/100 g (Gu et al., 2002).

Present anthocyanins and other pigments give color of berryruits (red, purple, blue or
black).In practice, there is great interest to use of anthocyanins as natural pigments instead
artificial colors which represent the risk to human health.Consumers in the market are
showing great interest in fresh strawberries, which have a pronounced red color. They believe
that such kind of fruit has a nice taste.The composition of anthocyanin derivatives can vary
significantly among types of fruit, although uniform composition can be observed within the
same type.Therefore, the profile can be considered as anthocyanin fingerprint of certain
products.

Storage conditions for fresh berries influence the loss of anthocyanins. For example, storage
of cranberries at 0°C does not affect the loss of anthocyanins, but anthocyanins |osses are over
60% when it stored at 20°C. Freezing does not affect the loss of anthocyanins.Color, smell
and taste are also subject to change due to changes in pH and acidity of fruits (Table 4).
Anthocyanins degrade during thermal processing of berries. Experts in the field of food
technology and nutrition work intend to preserve the color of juice during the storage and
processing of berries (Miszczak et al., 1995; Koni¢-Ristié et al., 2011).

Besides fresh berries in human nutrition these fruit can be used in the form of juice (Sanchez-
Segarra et a., 2000), yogurt, and jam (Plessi et al., 2007).

157



Third International Scientific Symposium "Agrosym Jahorina 2012"

Table 1. The averagechemical composition of wild berries

Mean val ues Strawberry Raspberry Blueberry Black Currant Blackberry Gooseberry

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
Water, % 85.19a 805lb 83.76a 80.86b 85.12a 79.37b 80.46a 7506b 86.1la 82.16b 84.24a 81.16b
Ash, % 035a  100b 044a 067b 015a 0280 0.68a 1100 024a 0.46b 040a  0.61b
Fat, % 0.35a 084b 06la 094b 027a 098 023a 109 044a 064b 046a  0.62b
Proteins, % 0.50a 0.92b 1.10a 159 0.72a 0.95a 1.42a 1.65a 1.27a 1.49b 0.8la 0.97a
ts(; gp(lyeo sugars, 521a 7.06b 41la 477a 500a 7.17b 6.40a 8080 4.25a 498a 578  6.34a
fg{;"t‘/{.’dram' 893a 10.11a 10.12a 11.16a 9.16a 1148 11.10a 13.06b 800a  10.15b 896a  9.58a
Iron, mg/100g 0.40a 3.41b 0.55a 0.79a 0.25a 138b 154a 279 0.60a 3.78b 0.28a 0.78b
Egﬁ%g‘;r“& 20.23a 38.78b 2845a 30.33a 11.45a 16780 49.36a 60.56b 21.14a 2445b 26.12a 28.56a
ﬁglfl'g&; 16.00a 28.70b 22.45a 2848 6.26a 14.080 5424a 5872b 2874a 30.12a 24.78a 26.46a
Zinc, 0.10a 0.19a 0.3%a 0.48a 0.11a 0.18a 0.25a 0.30a 0.51a 0.62a 0.09a 0.12a
mg/100g

Vauesin the same rows for the same type of fruit with different lower case letters are significantly different at p<0.05

Table 4. Average pH and titration acidity of the fruits of wild berries

Mean values Strawberry Raspberry Blueberry Black Currant Blackberry
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
pH 3.33a 3.58a 276a 298a 330a 354a 255a 278a 308a 3.25a

Z,'/;)ra“on acidity 3450 065 174a 220b 040a 070b 250a 310b 020a  0.30b

Vauesin the same rows for the same type of fruit with different lower case letters are significantly different at p<0.05
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Conclusion

The results obtained during this study suggest two things:
that the wild berries in this region are highly nutritional rich with protective
materials and

contains some of the protective substances in quantities greater than data
obtained in other parts of the world.

The reason for thisis the favorable climatic conditions and altitude for growing of berry fruits.

Table 2. The average content of some vitaminsin fruits of wild berries
Strawberry Raspberry Blueberry Black Currant Blackberry

Mean values

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
Ascorbicacid 4950 70450 2010a 35.46b 814a 9.50a 17.1%2a 19.45a 17.45a 21.16b
(mg/100g)
Riboflavin
(ma/1006) 0.02 0.03 0.04 0.05 0.04

Vaues in the same rows for the same type of fruit with different lower case letters are significantly different at
p<0.05

Table 3. The average content of total phenolics and anthocyaninsin fruits of wild berries

Mean val ues Raspberry Blackberry
2011 2012 2011 2012
Total phenols (mg/100 g) 240a 400b 110a 180b
Total anthocyanins (mg /100g) 20a 65b 35a 125b
Color Red Black

Vauesin the same rows for the same type of fruit with different lower case letters are significantly different at
p<0.05
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Abstract

History of our autochthonous fruit cultivars is very long. Balkan Peninsula is one of
the most important and richest centers of genetic diversity of fruit species in Europe. In the
process of domestication many fruit species came into contact with their wild relatives,
intersecting different genetic material and adjusting to the given environmental conditions. In
this way, there was enrichment of biodiversity with many landraces that now constitute our
unique biological heritage. Autochthonous fruit varieties were suppressed by industrial and
commercia varieties.

The objective of this study was to investigate main pomological characteristics as well
as fruit quality of the selected autochthonous plum cultivars from the region of Bosanski
Petrovac. The fruits of selected cultivars could be processed, particularly into plum brandy, or
they could be used fresh or dried. Also, can be used both in breeding programmes and as
rootstocks as well as in further disease related systematic studies under field and laboratory
conditions. In our region conservation of indigenous varieties is a prerequisite for the
preservation of biodiversity, and the recognizable quality of our national products that have
preserved specificity of our natural and cultural heritage. Also the potentia for branding our
traditional food products could represent good strategy for future rural development.

Key words: autochthonous plum cultivars, preservation, agrobiodiversity, organic
production.

Introduction

Bosnia and Herzegovina has a long plum growing and processing tradition as well as
evident biological diversity in loca plum (Prunus domestica) germplasm. Autochthonous or
local (primitive, folk) plum cultivars (accessions) grown in Bosnia and Herzegovina belong to
Prunus domestica L. and Prunus ingititia L. (Milosevic &Milosevic, 2012). Considering the
current tendency of consumers to select typical regiona products, there is a need to define
Bosnian autochthonous varieties and to characterize the specificity of related products. Data
available are limited to an earlier work by Paunovic and Paunovic (1994) suggesting the
existence of 92 autochthonous cultivars and noting a high variability in the main
morphological, pomological and technological traits.

The fruit quality is a complex of features and specific characteristics, which besides
other criteria is mostly in accordance to the market demand. It is recent trend to study
possibilities of autochthonous fruit cultivars in order to enrich the food industry with highly
valuable raw materials while preserving biodiversity and straightening rural development.
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Conservation and utilization of plant genetic resourcesin agricultural is one of the main trends
in development of sustainable food production. Old varieties and populations are mainly
characterized with lower demands and higher adaptability to environmental factors. For this
reason they are suitable for low input agriculture and organic production. The interest of
individual farmers in maintaining autochthonous breeds and varieties is declining since there
iS no economic gain in preserving and exploiting agricultural diversity. This means that the
heritage of species and varietiesis at risk of genetic erosion and hence requires measures that
will encourage conservation and provide incentives towards sustainable use of autochthonous
genetic resources (Bertacchini, 2009). Although traditional varieties (synonym to landraces,
e.g. Harlan 1975) are generally thought to have lower yield potential than modern ones, they
offer many commercial advantages. They aso have inherent potential for increased
productivity, they are often better adapted to local climatic conditions, cultural practices, and
pest and disease; provide resilience and stability under variable and difficult cropping
conditions (Bellon 1995, Brush 1995). During the 1970s and 1980s the general opinion was
that these varieties would rapidly disappear, but they have proved remarkably resilient
(Thompson et al., 2007). In former Yugoslavia, the plum tree was the most spread species,
because of the good climate conditions, the fruit value (energetic, nourishing, dietetic etc.) and
was further considered a traditional species (Mratinic, 2000).In remote rura areas in Bosnia
there are still households that breed autochthonous fruit varieties. Bosnian plum production is
characterized by extensive growing technology, low unstable yields, low quality fruits and
problems with plum pox virus. Autochthonous plum cultivars are a limiting factor in
improving plum production. Nevertheless, they can be used as an outstanding source of
germplasm and as a genetic basis underlying breeding activities, principally the development
of new cultivars, clonal selection (Ogasanovic et al., 1994; Milosevic, 2000), the development
of new plum, apricot and peach rootstocks (Paunovic, 1988; Djuric et al., 1998), resistance to
economically important diseases (Paunovic & Paunovic, 1994; Rodrigues et al., 2009) or
intensive cultivation (Mratinic, 2000).

Many factors are known to affect the nutrient content of foods including variation due
to differences in nutrient composition of foods below the level of species, i.e. subspecies,
variety, cultivar or breed (Toledo & Burlingame, 2006).Until now over-exploitation of certain
cultivars and varieties was driven by market demands. Nevertheless, recent studies have
shown that human nutrition and dietary diversity within the traditional food system has to be
enhanced not only with different fruit and vegetable species but aso with varietal diversity in
terms of fresh consumption and processing as well. It is generally thought that macronutrients
vary only insignificantly within the same species (Greenfield & Southgate, 2003; Kuhnlein,
2003; Rodriguez-Amaya et al., 2008). However, Burlingame et al. (2009) show data that this
is not always the case and that the compositional differences among varieties or cultivars can
be very significant for macronutrients, micronutrients and bioactive non-nutrient. That is not a
simple approach but a complex one, taking into account the diversity and quality of cultivars
permanently improved and aso having in view the nutrients which confer the fruit quality
(Burzo et al., 2005). Therefore, fruit chemical analysis recently received special attention,
since it can provide information on fruit quality based on previously known adequate and
critical nutrient levels and, therefore, prevents deficiencies and physiological disturbances in
fruits (Marcelle, 1984; Suzuki & Argenta, 1994; Nachtigall & Freire, 1998; Ernani et al.,
2002).

Action for Nutrition adopted at the 1992 International Conference on Nutrition (ICN,
1992). The declaration recommended the promotion of dietary diversity, and the use of locally
available nutrient-rich indigenous and traditional foods as a vital strategy against food
insecurity, malnutrition and disease.
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M aterials and methods

Investigations included in situ identification, marking and observation of
autochthonous plum cultivars (accessions) in the area of Bosanski Petrovac. During 2012
recording of the phenological traits — first flowering, full flowering, end of flowering and
harvest date was conducted on sample of five trees per each cultivar, as following: the
beginning of flowering was recorded when at least 5% of the flowers bloomed; full flowering
was accepted when at least 80% of the flowers bloomed, the end of flowering was determined
when 90% of the flowers bloomed and corollas began to fall off, and harvest date was
established when the fruits were sufficiently colored and soft to be eaten (Funt, 1998).

On 30 fruits, per sample, collected during full maturity, fruit weight, size, shape, color,
firmness, stone weight, and stone general shape were measured.Randman, that represents
percentage of fruit flesh in total fruit weight, was established calculating. All measurements
were performed using hand caliper. Observation and recording of their phenological and
pomological traits were performed using UPOV methodol ogies.

Analysis of the K, Ca and Mg content was conducted by wet burning of dried fruits
with acid mixture (HNO3 + HCIO4 + H2S04) and concentration was determined in the AAS
system (UNICAM, Model SP9).

Results and discussion

The phenological characteristics of autochthonous plum cultivars are given in Tab. 1.
The data show that the onset of flowering was recorded in the second and third decade of
April .Fruits of all examined plum cultivars averagely ripen in interval from 09" September up
to 22" September (Tab. 1).

Full flowering date of evaluated cultivars showed a high range (13 days), while the
differences for harvest date were 13 days as well. These traits depend on environmental
conditions (temperature, altitude etc.)Jand may change every year (Liverani et al. 2010).
Cosmulescu et al. (2010) stated that "flowering time duration” is a feature which is influenced
by climatic factor and genetic factor.In general, the earlier the flowering is developing, the
shorter its time duration. The period between the beginning of flowering and the end of it vary
from 14 to 17 days, and differences occur between cultivars. Similar data on the period and
duration of flowering of autochthonous plum cultivars were reported by other authors
(Jovancevic, 1977; Milosevic, 2010). Pozegaca ripens during the end of August and the
beginning of September, but in higher atitudes even in October (Jacimovic et al. 2011).

Tab. 1. Phenological characteristics of autochthonous plum cultivarsin Bosanski Petrovac

. Flowering
Cultivar (local .
n amcg) Onset Eull End Duration Harvest date
(days)
Pozegaca 23.04. 03.05. 10.05. 17 22.09.
Durgulja 20.04. 27.04. 04.05. 14 12.009.
Bjelicasitna 11.04. 20.04. 28.04. 17 10.09.
Prskulja 10.04. 20.04. 27.04. 17 09.09.

All monitored autochthonous plum cultivars have extremely small fruit according to
FAO plum descriptor. The average fruit weight of autochthonous plum cultivars ranged from
4,7 (Prskulja) g to 26,4 (Bjelica sitna), with significant differences comparing to average fruit
weight of commercial plum cultivar Stanley (40,6 g). Comparing to measurements from
previous years, average fruit weight of autochthonous plum cultivars in 2012 was
significantly smaller due to the strong drought conditions during July and August. Also freeze
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damage in the beginning of the vegetation strongly reduced fruit set affecting the yield in
2012. Fruit weight is in direct correlation with fruit size and other authors recorded
statistically high differences in both, between different autochthonous plum cultivars
(Jacimovic et al. 2011).

Tab. 2. Pomological and sensorial characteristics of autochthonous plum cultivars in the area of
Bosanski Petrovac

Cultivar Fruit Stone Share of

weight (g  Fruit  Fruit  Flesh  Flesh . Stone
r(llz;mcil) 5010 2012 Size' Shape® Color® Firmness' W?g%’ht shape® f(l;f)h
Pozegaca 20,7 15,5 1 2 3 7 0,5 1 96,78
Durguja 17,3 11,1 3 5 3 3 0,9 3 91,90
Bielica 115 264 1 6 4 5 05 2 98,11
sitna
Prskulja 8,9 47 1 2 3 3 0,5 2 89,36
Stanley 39,8 40,6 5 2 3 7 19 1 99,53

! Fruit size: 1 = extremely small, 2 = very small; ? Fruit shape: 2 = rounded, 3 = elliptical, 4 = ovate, 6 = oblong;
% Flesh color: 2 = light green, 3 = yellow green; * Flesh firmness: 3 = soft, 5 = medium, 7 = firm; ° Stone general
shapein lateral view: 1 = narrow dliptic, 2 = elliptic, 3 = circular.

Stone weight of autochthonous cultivars was significantly smaller in relation to
Stanley, and it ranged ranged from 0,5 g (Pozegaca, Bjelica sitna, Prskulja) to 0,9 g
(Durgulja), which was in agreement with the results obtained by Milosevic et al. (2010),
Paunovic (1988), Paunovic and Paunovic (1994) and Mratinic (2000).

All monitored autochthonous cultivars have high share of flesh ranging from 89,36 %
(Prskulja) to 98,11 % (Bjelica sitna), but lower comparing to Stenley that is well known for
high share of flesh in fruit's total weight.

Tab. 3. The mineral composition of selected essential macro minerals (K, Ca, Mg) in investigated
plum cultivars from Bosanski Petrovac

Cultivar K % Ca% Mg %
Stanley 1,16 0,02 0,04
Prskulja 1,40 0,06 0,05
Pozegaca 0,99 0,06 0,04
Bjelica 1,25 0,07 0,06
Durgulja 1,15 0,06 0,05

It has been proposed by severa authors that different varieties as well as different
cultivars should be examined for their nutritional value (Campeanu et al., 2009; Imran et al.,
2007; Imran et al., 2010; Jacimovic et al. 2011). The various mineral elements enter the
maturing fruit at different rates (Valvi & Rathod, 2011). Among the macro-minerals (K, Ca,
and Mg), the content of K varied from 0,99% (Pozegaca) to 1,40% (Prskulja). Cultivars
Prkulja and Bjelica had higher K content comparing to Stenley. Chemical anaysis showed
that Stenley had lowest Ca content comparing to autochthonous cultivars. Ca contetnt ranged
from 0,02% (Stenley) to 0,07% (Bjelica). The lowest Mg content was determined in Stanley
and Pozegaca (0,04%) and the highest in Bjelica (0,06%).

Conclusion

Investigated autochthonous cultivars are fully adapted to the environmental conditions
in the area of Bosanski Petrovac. The aim of these studies should be to provide information
about the nutritional value of old varieties, in order to preserve autochthonous varieties and
cultivars from genetic erosion.
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In this study the autochthonous plums were classified as being extremely small in
terms of fruit size. The obtained values, particularly those for fruit weight and fruit size, were
lower than standard commercial cultivar.

Due to the various ways of propagation (both by cuttings and seedlings), plum
populations are highly heterogeneous and show environmentally dependent traits. This
implies that detailed evaluation and description of autochthonous cultivars should be
preformed and that reliable estimation will be possible only through a multi-disciplinary
approach by examining selected cultivars grown in a collection orchard as well as under field
and laboratory conditions over the next five to ten years.

All the autochthonous fruits could be processed, and some could be dried or used
fresh. The autochthonous (primitive, local) plum cultivars could serve as an outstanding
genetic basis and a source of germplasm for plum breeding aimed at developing new cultivars
and rootstocks. More effort and resources are needed to analyze and disseminate data on the
nutrient composition of wild, underutilized, autochthonous varieties, and under-appreciated
food biodiversity.
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Abstract

The five varieties (Adora, Arizona, Saviola, Attrice and Antea) were examined in
experiments during 2011. The study was carried out at Butmir (at approximately 500 m above
sealevel) and Glamoc, (about 900 m a.sll.).

The productive characteristics of potato varieties (yield, weight and the number of
tubers per plant were studied. The experiments were carried out at randomized block system,
in four repetitions. The feedback results were processed with the analysis of variance. The
experiment was performed on acid soil lacking humus and phosphorus and containing enough
potassium for a normal growth of the crops.The climatic conditions were favorable for the
potato growth. Higher yield in comparison to Andora was evident at the following varieties:
Arizona (49%), Saviola (31%), Arttice (21%) and Antea (36%). Dry matter content ranged
from 21.40% in the case of Arizonavariety, up to 22.90% in the case of Attrice.The testing of
potato varieties should be continued in the future, in order to find the best conditions for
farming in Bosnia and Herzegovina.

Key words: potato, variety, yield, quality.
Introduction

Variety is an important component in crop production and seed is the basic
reproductive material. Well-chosen variety gives higher yields and better quality itself in the
same conditions and without any particular investment. Since 1995 until now over 60 varieties
of potatoes has been introduced in Bosnia and Herzegovina. Selection of varieties depends on
the purpose and requirements of consumers. Varieties with shorter vegetation period with
early tuberisation and quickly forming of tubers are selected for the production of early
potato. Besides knowing the production characteristics of each variety it is necessary to know
their specific production characteristics and requirements in terms of: seed dormancy, size of
vegetation area, depht of planting, fertilization irrigation, resistance to stress, as well as
protection, storage and consumption quality. Varieties that form 10-12 tubers per plant
provide stable and high yields while very high yields are achieved with varieties that form
about 15 tubers per plant, with mandatory irrigation. The aim of the study was to show the
most important characteristics of newly introduced Dutch potato varieties, their productivity
characteristics and agrotechnical specificity as well by the means of network of micro-
experiments in different agroecological conditions. The introduction of appropriate varieties
into production, based on preliminary examination in our conditions, will provide an increase
in the potato yield.
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Material and methods

The study was carried out at Butmir (at approximately 500 m above sea level) and
Glamoc, (about 900 m asl.) in 2011. The five varieties were examined in experiments:
Adora, Arizona, Saviola, Attrice and Antea. A class of seeding material was used. The
experiments, were carried out at randomized block system in four repetitions. Planting of
potatoes was done manually with 75 cm between row distance and 33 cm within row plant
distance respectively, achieving the density of 40.000 plants per hectare. Standard agricultural
practice for the potato crop was applied. Minera fertilizers in quantities 80-100 kg/ha N, 100-
120 kg/ha P,Os and 180-200 kg/ha K0 of pure nutrients were applied (total quantity of P and
K in early spring as well as 60% of N, while 40% of N was used for top dressing). Crop
protection was against the blight pathogen (Phytophthora infestans Mont de Bary) and pest
Colorado potato beetle (Leptinotarsa decemlineata) as needed. Phenological observations of a
number of parameters were carried out during vegetation. Harwest of potato tubers was
carried out manually after drying of aboveground mass. After harvest, total weight and the
weight of tuber fractionsin a sample of 10 plants per variety was analyzed. Samples of potato
tuber were taken during the harvest in order to determine the qualitative characteristics of
varieties. Content of dry matter and starch in potato tubers was determined with standard
method for potatoes (Rajman scale). The results were statistically analyzed using anaysis of
variance.

Soil and weather conditions

The experiment was set up on brown valley soil in Butmir and on brown, medium-
deep soil on the limestones and dolomites in Glamoc. Soil reaction in Butmir is acidic and
alkaline in Glamoc. In content of nutrients, soil in Butmir and Glamoc are poorly supplied
with phosphorus. Soil on both localities has been moderately supplied with potassium.

Table 1. Chemical characteristics of soil at experimental fields

, pH Content (%) mg/100g soil
L ocality :
H,O KCI Total nitrogen Humus P,Os K50
Butmir 6,28 5,45 0,230 1,75 11,50 8,50
Glamoc 8,10 7,40 0,09 1,80 6,90 12,00

Climatic conditions vary from one locality to another. Mountain climate prevails in
Glamoc where summers are cool, and the winters are cold while in Butmir we have quite
harsh winters and moderately warm summers.

The following tables provide a multi-year averages of temperature and precipitation
for these sites. Data for 2011 were are provided for Sargjevo and Livno since aweather station
in Glamoc is not in use.

Table 2. Monthly air temperature (°C) for 2011

L ocality I [ Il v \% \ VII VI IX
Sargjevo 0,2 0,6 52 110 14,0 18,9 20,5 21,7 19,1
Livno 0,8 19 45 105 141 18,5 19,7 20,8 17,7

Averge Sargjevo(1996-2005) 0,07 1,02 527 958 1516 187 20 1981 144
Averge Livno (1996-2005) 017 047 445 869 1457 183 1998 19,56 14
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Table 3 Monthly precipitation (I/m?) for 2011

L ocation I [ Il v \% \ VII VI X
Sargjevo 379 359 40,7 327 1036 76,3 1344 4,8 38,9
Livno 408 21,0 87,7 483 855 824 1154 21,1 27,6

Averge Sargjevo(1996-2005) 70 714 508 851 706 718 745 653 124
AvergeL ivno(1996-2005) 935 768 71 1104 715 607 482 609 121

In comparison to multi-year average, the temperatures were favourable during potatoes
experiment. Average monthlytemperatures were favourable in fourth, sixth, seventh and
ninhtmonth in Sargjevo while infourth, eight and ninht month in Livno compared to multi-
year average. Precipitation during the growing season of potato were relatively well
distributed. Rainfall excess was in the fifth, sixth and seventh month in both places compared
to multi-year average.

Results and discussion

Emerging uniformity, vigor, crop uniformity and lenght of the growing season is
highly influenced by externa factors Suvajdzic¢, Glisi¢ (1975/76).

Table 4. Emerging uniformity, the number of additives, vigor, crop uniformity, length of growing
season of potatoes at Butmir
Emerging Number of Crop uniformity Length of

Variety uniformity (1-5) additives Vigor (1-5) growing season
Arizona 5 - 4 4 121
Saviola 3 - 3 3 110
Actrice 4 - 4 5 106
Antea 5 - 4 5 113
Adora (St.) 5 - 4 4 95

Experiments were established in well-prepared soil. Emerging was relatively good
while emerging uniformity ranged from 3 to 5. The most uniform emerging had varieties
Arizona, Anthea, Adora, while poorer uniformity of emerging was registered with other
varieties studied. There was no additives within varieties. Varieties were relatively uniform by
vigor. There was no differences within varieties.

Length of the growing season has fluctuated from variety to variety, what is essentially
varietal characteristic, ranging from 95 to 121 day in Butmir. The length of the growing
season had been influenced by climate. The shortest vegetation of 95 days had a variety
Adora, and longest vegetation had variety Arizona - 121 days. In relation to Adora vegetation
was longer by 26 daysin the variety Arizona.

Table 5. Number of potato tubers per plant (10 boxes) at Butmir
Average tuber mass

Variety Il tubers > 55 mm 28-55 mm <28 mm o
Arizona 0 18 77 25 12
Saviola 1 7 58 30
Actrice 0 13 55 18 8
Antea 15 17 58 27 10
Adora (St.) 0 6 71 16 9
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Number of tubers per plant bed is a characteristic of the variety that can vary depending on the
climate and growing conditions. Among the varieties studied highest number of tubers had
variety Arizona (12 tubers/plant) and the lowest variety Actrice (8 tubers/plant).

Table 6. The average mass of potato tubers (10 beds) in g and % at Butmir

. Il tubers > 55 mm 28-55mm <28 mm Average
Variety tuber mass g-
G % G % g % g % u 9
Arizona 0 0 4125 40,74 5600 55,30 400 3,95 101,2
Saviola 0 0 1200 22,42 3750 70,09 400 7,47 53,5
Actrice 0 0 2800 40,00 3950 56,42 250 3,57 70,0
Antea 0 0 3750 43,85 4500 52,63 300 3,50 85,5
Adora (St.) 0 0 1250 18,51 10500 7777 250 3,70 67,5

The average tubers weight and number of potato tubers were done by sampling 10 beds of
each variety at Butmir. It may be noted that sorts had varying weight of tubers, from 53.5gin
the case of Saviolato 101.2 g in the case of Arizonavariety. There was higher precentage of
medium sized tubers (28-55 mm) compared to large and small.. The highest percentage of
tubers of this fraction had a standard variety Adora (77.77%). Minimum small tubers, less
than 28 mm, had a variety Anthea - 3.50% and a maximum variety Saviola - 7.47%.The
number of small tubersis the characteristic of the variety and the result of climatic conditions
for the growth of potatoes in the summer months, as well as toxic effects of herbicides
(Sencor) in the variety Saviola.

Table 7. Theyield of potato per variety (t / ha)

Variety Locality Average
Butmir % Glamo¢ % Cultivar %

Adora (St 22,43 100 27,6 100 25,0 100
Arizona 35,52 158 39,12” 141 37,3 149
Saviola 24,27 108 41,15 149 32,7 131
Actrice 25,34 113 35,32" 128 30,3 121
Antea 27,66 123 40,45 146 34,01 136
Lsd pesoe 0,52 0,65 10,81

Lsd g6 0,74 0,91 17,94

Compared to the standard variety Adora, the varieties tested had significantly higher tuber
yield at both sites. The highest yield at the locality of Butmir had variety Arizona, 58% higher
than the standard and the variety Saviola 49% higher yield than Adora at the locality of
Glamoc. Significantly higher average yield in comparison to Andora was evident at the
following varieties: Arizona (49%), Saviola (31%), Arttice (21%) and Antea (36%).

Table 8. Theyield of potato per localities (t/ha)

L ocality Yield (t/ha) %
Butmir 27,04 100
Glamoc 36,70* 136
L sdp-s0s 6,89
L SOp-106 11,40

Differences in the yield of potatoes are being observed depending on the year (Cota J., HadzZié A.,
Spahovié¢ E., 2005.). Higher yield of potato was in Glamoc, 36% higher than in Butmir.
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Table 9 The chemical composition of potato tubers at Butmir

Variety Starch content % Dry matter content %
Adora 16,50 21,70
Arizona 16,20 21,40
Saviola 16,70 21,90
Actrice 17,60 22,80
Antea 17,00 22,20

Based on the content of starch and dry matter it can be concluded that the highest percentage
of starch had a variety Actrice 17.60% and 22.80% of dry matter, while the lowest had a
variety Arizona 16.20% with 21.40% of starch.

Reasearch of other authors have shown that the content of dry matter and starch fluctuatesin a
very wide range. Starch content depends on the variety (Quasem, 1978), day length
(Jakovljevic, 1965), nutrition with micro and macro elements (Stojiljkovic¢, 1986), length of
growing season and other factors. Cota, et al. (2004) find that the qualitative properties of
potato react to the slightest changes in agro-ecological factors. In dry and sunny years starch
content is higher, while being lower in colder and wetter years, with more cloudy days and
precipitation. The content of dry matter and starch increases with later maturing of tubers
(Cota, 2002). Varieties with higher content of dry matter and starch have higher nutritional
value.

Conclusions

The four varieties (Arizona, Saviola, Attrice, and Antea) were examined in experiments
during 2011, along with standard variety Adora. Air temperatures were favorable for the
development of potatoes in relation to a multi-year average. Precipitation during the growing
season of potato were relatively well distributed. The shortest vegetation of 95 days had a
variety Adora, and the longest vegetation of 121 days had a variety Arizona.

Among the early varieties tested the highest number of tubers had a variety Arizona (12
tubers/plant).

It may be noted that the varieties had varying weight of tubers, from 53.5 g in the case of
Saviolavariety to 101.2 g in the case of Arizona. The highest percentage of large tubers had a
variety Antea 43.85%.

In comparison to standard Adora variety, varieties tested had significantly higher tuber yield
at both localities. The highest yield at the locality of Butmir had variety Arizona, 58% higher
than the standard and the variety Saviola 49% higher yield than Adora at the locality of
Glamoc. Significiantly higher yield of potato in comparison to Andora was evident at the
following sorts: Arizona (49%), Saviola (31%), Arttice (21%) and Antea (36%).

Significantly higher yield of potato was in Glamoc, 36% higher than in Butmir.

Variety Actrice had the highest percentage of starch 17.60% and 22.80% of dry matter.
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Abstract

Inthis paper the results of examination the productivity of 10 potato varieties are given. The
experiment was carried out on the experimental field of Faculty of Agriculture in East
Sarajevo, “KULA”, on the brown valley soil in the period of five years (2007 — 2011). The
aim of our studies was to determine the genetic potential of the examined varieties. In certain
years of examination, the variation in yield and weight of tubers were determined. The yield
was alsoaffected by the weather conditions so that higher or lower yieldvariation in some
varieties were recorded. The varieties with the highest yield were: Agria, Anais, Kennebec
and Arnova. There is a need to expand these examinations in future, and to expand the
number of examination sites with the aim of their detection and implementation into the
production of stable and productive variety, and aloso the increasing of the average potato
yield.

Key words: potato, yield, variety
Introduction

In Republic of Srpska, potato is cultivated on 14 500 hectares with an average yield of about
11 t/ha (Statistical Yearbook of Republika Srpska, 2007-2011), athough some farmers
achieve yield of over 30 t/ha. Larger areas sown with potato are located in lowland areas,
although the potato sown with spring wheat is of great significance for hilly-mountainous
regions. Several varieties are presented in awider production.

This issue was treatedby Dordevié, 2000, Cota et al 2000, Bugarcic¢ et al 2000, Mili¢ and
Bogdanovic¢ 2009, Mili¢ and Kovacevi¢, 2009.

The aim of the research was to discover the genetic potential of potato varieties in the agro-
ecological conditions of Sarajevo-Romanijaregion.

M aterials and methods

In the five-year period (2007 — 2011), the varietal trials were set on the experimental field of
the Faculty of Agriculture in East Sargevo in five replications in completely randomized
block system. Examinations included 10 varieties (Agria, Aladin, Anais, Arnova, Desiree,
Kennebec, Liseta, Ostara, Riviera and the Terra Gold). The biggest problem in these
examinations was the purchase of seed material of certain potato varieties.

The crop planted before potato was barely. Primary tillage was conducted in autumn by 30 cm
deep plowing and with mineral fertilizing (N10P20K 30 in the amount of 800 kg/ha). Elementary
plot (25 m?) consisted of four rows of 10 m length and the planned plant population per
hectare was 40 000 plants. The seed of original category was used for planting. The soil of the
experimental field is brown, valley.The number of tubers and their weight were determined
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after harvest. Tuber yield per hectare was calculated. Statistical data processing was done

using variance analysis method, and as for individual comparison tests, the LSD test was used.
M eteor ogical conditions during the performance of the experiments

In the potato production, the climatic conditions are important, especially the amount and

distribution of rainfalls. Meteorological datagiven in Table 1 show that thereis often alack of

rainfalls during the summer or the amounts of rainfall are not equally distributed. Temperature

conditions were appropriate for potato cultivation.

Table 1.Meteorogical data— Sarajevo
Average

Months 2007 2008 2009 2010 2011 1961-1990

°C I/ °C I/ °C I/m" °C Im* °C IIm* °C limf
I -24 28.6 0.2 286 -13 82.2 0.3 1183 0.2 129 -0.8 74
I 0.1 14.5 2.0 14.5 1.2 29.8 0.8 63 0.6 22.6 1.7 69
Il 41 1442 54 1442 49 62.4 5.0 55.6 5.2 27.8 55 73
IV 119 83 11.0 62.3 12 356 103 454 11.0 314 100 76
vV 159 48 16.2 50.2 16.2 72 145 63.2 140 704 148 85
VI 20.1 79 19.9 86 178 1166 181 1478 189 234 177 94
VIl 220 67 20.3 855 207 40.4 20.6 26.0 205 934 19.7 83
VIl 21.6 109 20.7 78 20.2 42.6 20.9 31.8 217 44 194 73
IX 152 148 14.1 60 16.3 128 146 954 191 45 159 73
X 133 19 11.2 47.4 9 1254 8.3 48 9.2 47.8 10.9 79
XI 8.2 25 6.6 92.4 6.6 43.8 8.7 113 3.7 22 5.6 98
Xl 13 58 1.2 86.7 2.0 87.2 0.6 100.1 2.3 80.6 0.4 88

% 109 8233 10.7 7746 105 750.8 102 907.6 105 4817 101 965

In 2007, the average annua temperature in Sargjevo was 10.9°C and the tota amount of
rainfall 823.3 1/m?. The average monthly temperatures during the conduction of the trial were
higher than average. During the spring, there were enough rainfalls, while in summer there
was their.

In 2008, the average monthly temperature during the conduction of the trials were higher than
average. During the spring, there were enough rainfals, while there was a deficit of the
rainfallsin summer.

In 2009, the average annual temperature in Sargjevo was 10.5°C, and the total amount of
rainfall 750.8 I/m®. The average monthly temperatures during the vegetation period of potato
were extremely higher than the average. Throughout the year, there were enough

inranfals.

In 2010, the average annual temperature Sargjevo was 10.2°C. It was extremely hot in 2010,
but the amount of rainfall of 907,6 I/m? was also extreme.

In 2011, the average annual temperature was 10,5°C. It was very hot in 2011, but also very
dry, 481.7 |/m?.

Results and discussion

Number of tubers.

The number of stolons and the number of formed tubers (Knowles, 2003) depends on the
genetic capacity of the plant, as well as on the conditions of growth and development of the
inner physiological factors that enables this ability to materialize. Tuber formation takes place
in 4 — 5 weeks after germination, and in normal years, there are tubers formed on each stolon.
Lack of moisture in this period leads to weaker stolon formation and thus fewer number
oftubers (Pisarev and Moros, 1991; Postic et al., 2011)
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Table2. Tuber Number

Variety 2007 2008 2009 2010 2011
Agria 9.8 8.7 9.4 10.3 9.6
Aladin 8.2 9.4 8.7 8.8 7.8
Anas 134 - 12.5 12.5 12.8
Arnova 10.6 - 11.3 10.5 -
Desiree 7.5 9.5 9.2 9.3 8.5
Kennebec - - 10.5 11.8 11.4
Liseta 9.5 - 9.6 8.9 -
Ostara - 6.5 5.3 5.9 5.3
Riviera 10.1 8.2 11.2 8.9 8.5
TerraGold - 9.5 9.2 9.5 -
LSD o5 1.859 1.245 0.794 0.957 0.853
001 2.454 1.804 1.268 1.435 1.375

At Ostara variety, we have found the smallest number of tubers in all years of examination,
while Anais, Kennebec, and Arnova varieties formed more than ten tubers per plant (Table 2).
The Riviera had the highest variations in number of the formed tubers, and Terra Gold had the
lowest. The size of the tubersis a varietal characteristic but it also depends on the number of
agro-technical measures, the soil type and its structure, as well as on meteorological
conditions during the vegetation period of potatoes (Ilin et al., 2000).

Table 3. Tuber Weight (g)

Variety 2007 2008 2009 2010 2011
Agria 77.20 79.51 72.42 75.32 77.56
Aladin 75.35 70.54 72.95 74.23 71.32
Anas 53.54 - 54.43 50.85 52.45
Arnova 65.22 - 68.00 63.20 -
Desiree 68.84 58.50 59.63 56.97 57.34
Kennebec - - 60.14 62.24 60.55
Liseta 62.30 - 65.51 66.93 -
Ostara - 72.11 77.11 73.51 74.21
Riviera 65.21 69.10 68.24 66.37 65.45
TerraGold - 65.21 65.12 62.22 -
LSD 005 9.005 7.540 6.549 8.351 5.436
001 12.085 9.813 8.841 12.022 8.638
Tuber weight.

Anais and Desiree varieties had the smallest, while Agria variety had the biggest tubers (Table
3). The differences found were statistically significant. Achieving high potato yield depends
on a series of factors. Along with the favorable climatic factors during the growing season of
potatoes, the determining factors are variety, the use of adequate amount of fertilizers, as well
as appliance of appropriate tillage systems and crop care.

Tuber yied.

In 2007, variety Desiree had the lowest tuber yield (20.65 t/ha), and Agria variety had the
highest tuber yield (30.24 t/ha). The differences found were significant. Varieties Anais,
Rivieraand Arnova had high yields, while varieties Aladin and Lisetalower than 25 t/ha.
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Tabele 4. Tuber yield in t/ha

Variety 2007 2008 2009 2010 2011
Agria 30.24 27.65 29.14 31.03 29.78
Aladin 24.70 26.42 25.56 26.12 22.25
Anas 27.65 - 26.75 25.42 26.85
Arnova 27.64 - 27.25 26.54 -
Desiree 20.65 22.19 21.77 21.19 19.49
Kennebec - - 28.32 29.37 27.61
Liseta 23.65 - 23.09 23.82 -
Ostara - 18.65 17.93 17.34 15.73
Riviera 26.32 22.65 24.64 23.62 22.25
TeraGold - 24.75 24.75 23.64 -
LSD oo0s 2.547 2.856 1.857 3.457 2.251
0,01 3.587 3.896 2.894 5.032 3.362

In 2008, variety Ostarahadthe lowest tuber yield (18.65 t/ha), and variety Agria the highest
one (27.65 t/ha). In the crop of Aladin variety was aso measured high yield (26.42 t/ha).

In 2009, variety Agria gave the highest t yield (29.14 t/ha), and variety Ostara had the lowest
one (17.93 t/ha). The differences found were significant. Varieties Kennebec and Arnova had
the high yields, too.

In 2010, in the crop of Ostara variety was measuredthe lowest tuber yield (17.34 t/ha), while
variety Agria had the highest one (31.03 t/ha). The differences found were significant.
Varieties Kennebec, Aladin and Arnova gave aso high yield.

In 2011, variety Ostara gave the lowest (15.73 t/ha), and variety Agria the highest tuberyield
(29.78 t/ha). The differences found were significant.

In al years of examination, varieties Liseta, Arnova and Terra Gold had the lowest and,
Aladin and Rivierathe highest variation.

Conclusion

On the basis of the five-year (2007 — 2011) varietal examinations set on the experimental field
of Faculty of Agriculturein East Sargjevo, we can conclude the following:

Varieties Agria, Anais, Kennebec and Arnova had the highest yield. The lowest variations in
yield, during the years of examination, were recorded at varieties Agria and Desiree, and the
highest ones at varieties Ciklon and Jaerla.

Variety Ostara had the lowest, and Anais, Kennebec and Arnova the highest number of tubers
per plant. Variety Agria had the biggest, and Desiree and Anais the smallest tubers.
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Abstract

The aim of this research was to study physical and chemical fruit characteristics of some
raspberry types in row planting system in agro-ecological conditions of Bratunac and to
determine validity of existing planting and introduction of raspberry types. Among the studied
types Meeker expressed better physical and chemica fruit characteristics than other two
examined types Willamette and Heritage.

Keywor ds.raspberry, cultivar, fruit quality
I ntroduction

Raspberry (Rubus sp.) is, after strawberry, the most important berry fruit type. According to
the data of International Organization for Agriculture and Food (FAO), for 2009, raspberry
world production was organised on 91 257 ha with total production of 486 889 tons of this
fruit, and average yield of 5.3 t/ha. The biggest producers of raspberry in the world are Russia
(120 000 t), Serbia (86 961 t), Poland (81 778 t) and USA (60 056 t). The biggest exporter of
raspberry is Serbiawith 63 000 tons exported with achieved income of 200 million dollars. In
accordance to the data of the Bureau of Statistics of the Republic of Srpska for 2009/2010,
raspberry production in Bosnia and Herzegovina was organized on 1 031 ha with the total
production of 8 487 tons and average yield of 8.2 t/ha. There are 754 ha under raspberries in
the Republic of Srpskawith the total production of 5 129 tons and average yield of 6.8 t/ha.
There are more than 1 200 types of red, black and purple raspberries in the world, but the
number of economically important ones is small (MiSi¢and Nikoli¢, 2003). Also, it has been
intensively worked on plant production and creating new types of raspberry in the world,
which, in its genetically base, will consolidate basic requests of producers, processors and
consumers. One of the aims of plant production is also extension of the season of fresh
raspberry fruit consumption.

M aterials and methods

Research was done in plantation of raspberry types Willamette, Meeker and Heritage, located
in village Bjelovac, near Bratunac. The plantation was established in the form of vertical
system for Willamette and Heritage types, and T-row for type Meeker. The distance between
rows for all three plots was 2.3 m and in one running meter of row 6 raspberry plants were
planted. Planting was done with certified nursery plants in spring 2007.

During the research, al pomo-technical measures within winter and green pruning were done,
respecting the principles of type specificity. It should be mentioned that the system of winter
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pruning was done with the type Heritage, where the complete upper part of plant is removed,
with goal to obtain fruits only on primocanes of fruits. In that way significantly longer period
of ripening (60 — 80 days) can be provided, what would later reflect on specificity of this
system on methods applied during the research.

As a material in this work we used raspberry types Willamette, Meeker and Heritage.
Willamette is the most present in raspberry production in Bosnia and Herzegovina. Type
Meeker is marked as perspective and highly productive one, with a trend of increasing
surfaces, and the type Heritage is newly introduced primocane fruiting type which
development and expansion are still negligible. Researches were done in 2011, and sampling
of fruit was done in accordance to the principle of “random selection in a production nursery.
From pomological characteristics of examined types, the following ones were analysed: fruit
weight (g); fruit length (mm); fruit width (mm); thickness of fruit (mm), number and mass of
seeds; chemical fruit composition: total content of soluble solids (%); total sugar content (%);
sucrose content (%); total acid content (%); pH value. Among biologica features, fruitiness
and dynamics of type ripening were al so anal ysed.

Fruit weight was determined on the sample of 30 fruits of each above mentioned types, by
measuring on analytical scales brand Chyo type ,,Petit balance®, with the exactness of 1/100
g. Fruit length, width and thickness were measured by movable measure, brand ,,GOST 166-
80“ with the exactness of 0.1 mm and measurable extent 0-125 mm. Number and mass of
seeds were determined on the sample of 10 fruits of each type, by measuring on analytic scale,
brand Chyo type ,,Petit balance®, with the exactness of 1/100 g.

Chemical fruit composition: Content of soluble solids was determined refract-metrically.
Content of total acid was measured by titration with 0.1 N NaOH solution, sugar content (total
and inverted) was done volumetrically according to Luff-Schoorl method, and sucrose content
by calculating. The pH value was determined by pH-meter.

Yield potential of examined types was registered by determination of kg/ha and kg/shoot for
each type.

The results for fruit weight are processed by the statistical method of the analyses of variance
for monofactoria experiment. The significance of differences between mean values is
determined by Duncan’s multiple range test at P=0,05.

Results and discussion

Table 1. Physical fruit characteristics of examined raspberry varieties
Fruit Fruit length  Fruit width  Fruit thickness Number  Mass of

Vanety  eight(g  (mm) (mm) (mm) of seeds  seedd
Willamette 351 b 21.33t029 20.85:0.33 6.88:0.14 78.6 0.21
Meeker 400a 20384026 21.29+0.17 693+0093  88.8 0.26
Heritage 3.49b 2154+031 20.88+0.27 6.85:0093 982 0.24

Means followed by the same letter do not differ significantly according to Duncan’s multiple range test
at P=0,05

Good fruit quality is the basic am in raspberry production. There are different fruit colours
(red, black, purple and yellow) depending on type. The fruit weight also varies depending on
raspberry type as well as environmenta conditions. Thus, the weight of wild raspberry varies
from 1.1 — 1.6 g (Petrovic and Milosevic, 2002), while the fruit weight of cultivated
raspberries range from 3 g to 6 g (Misic and Nikolic, 2003). The results of fruit weight and
dimensions are given in table 1. Minor differences can be observed in fruit dimensions among
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examined types, and compared with previously published data. Larger fruit dimensions were
recorder in this study.

Veickovicet al. (2004) state that the fruit weight of raspberry type Willamette is about 3.3 g,
height 20 mm and width 18 mm. Higher values of fruit weight (4.72 g), height (24.01 mm)
and width (21.60 mm) were previously reported by Stanisavljevic et al. (2004).

In our research the highest average fruit weight was found in the type Meeker (4.00 g.), and
the lowest one in the type Heritage (3.49 g.). Also, concerning fruit height and width, and
thickness of fruit, we can observe differences among studied types and these values are a bit
higher than those reported by mentioned authors.

The biggest average length and width were found in the type Meeker (22.38 cm and 21.29
cm), and the lowest ones in the type Willamette (21,33 cm and 20,85 cm). Meeker type aso
expressed the highest average thickness of fruit (6,93 cm), and the lowest was observed in the
type Heritage (6.85 cm).

A very high average number of seeds was recorded at the type Heritage (98.2), and the lowest
at Willamette. Researches also showed that the biggest total weight of seeds was recorded at
the type Meeker (0.26 g), and the lowest at Willamette (0.21 g).

Table 2. Chemical fruit characteristics
Soluble solids  Total sugars Inverted sugars Sucrose Tota acids pH value

Vaney - ontents (o) (%) (%) (%) (%) (0-14)
Willamette 10,00 3,42 2,55 0,83 1,35 3,00
Meeker 13,00 6,54 528 1,20 1,19 327
Heritage 12,00 6,09 513 0,91 2,33 2,90

Nutritional value of raspberry fruit is reflected in relation to sugars and acids content, taste
and aroma.

Fresh raspberry fruit consist up to 18% of dry matter, 7% of total sugars and 3% of organic
acids. Content of basic chemical compounds varies depending on raspberry type, ecological
conditions and level of applied practical measures (Milosevi¢, 1997).

Gavrilovic-Damnjanovic et al. (2004) reported higher content of soluble solids and acids
obtained in fruit of Skeena, Meeker, Chilcotin and Willamette types and content of soluble
dry matters and acids, and among them, the best were Skeena, Meeker, Chilcotin and
Willamette as the standard.

Our results on content of soluble solids are in line with the results of mentioned authors. The
highest soluble solids had in Meeker type (13.00 %), and the lowest type in Willamette (10.00
%). Meeker type had dightly higher content of soluble solids compared with Willamette and
Meeker, what also may be addressed to better adaptation of the type to agro-ecological
conditions of Bratunac.

The results of total sugar content showed that the highest content had type Meeker (6.09 %),
which is significantly higher compared to results reporter by Velickovic et a. (2004).

In accordance to the mentioned authors, the content of total sugar ranged from 5.4% (M eeker)
to 6.8% (Tulameen), while the content of inverted sugars was from 4.2% (Meeker) to 5.8%
(Willamette). The results obtained in our study indicate that Meeker type was ranked the
highest in terms of inverted sugars content, followed by Heritage type (5.28% and 5.13%,
respectively). The lowest content was observed in Willamette type (2.55%) which is
significantly lower than that obtained by Velickovic et al. (2004)

Total acids content ranged from 1.19% (Meeker) to 2.33% (Heritage). Obtained results are in
accordance with those reported by Gavrilovic-Damnjanovic et a. (2004) The results of our
researches are in accordance with the results mentioned by Gavrilovi¢-Damnjanovi¢ and
collaborators (2004). Similar trend can be noted for pH values that varied between 2.90
(Heritage) and 3.27 (M eeker).
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Table 3. Total yield of examined raspberry

. Total yield
Vanety kg/ha kg/shoot
Willamette 20 100 0.913
Meeker 22 400 102
Heritage 19 800 0.90

The results of yield components of examined raspberry types showed that the highest yield
per hectare had type Meeker (22400 kg), and the lowest Heritage (19800 kg), while type
Willamette had an average yield of 20100 kg/ha.

Table 4. Ripening time of examined raspberry varieties
Dynamics of ripening

Variety (days)

Beginning End Duration
Willamette 17.06.2011. 21.07.2011. 34
M eeker 14.06.1011. 17.07.2011. 33
Heritage 28.07.2011. 30.09.2011. 64

Ripening time depends on genetically hereditary characteristics of type and climate conditions
before and during ripening process. Raspberry fruits cannot significantly continue ripening
after being picked up, and so they should be picked in full maturity or just a bit before it. The
highest quality of raspberry fruit is achieved when the picking performs in commercial
ripeness. Such fruit have the most delicious taste, they are the most aromatic and with the best
organoleptic characteristics.

The results regarding beginning of fruit ripening showed that the earliest one was Meeker
type, whereas the latest was Heritage as primocane fruiting type. Duration of ripening period
was different and depends of the type. Heritage expressed a very long ripening time (64 days)
with regard to the fact that their fruits are produced on severa series of primocanes, and the
lowest was expressed by Miker (33 days), while type Willamette had ripening period of 34
days.

Marinkovic¢ et al. (2004) reported that blooming and ripening time of Chilcotin, Nootka,
Skeena and Willamette raspberries grown in Cacak start in the middle of May or in June
(Stanisavljevic et al., 1988). These phenological phases began 7 — 14 days later for same types
grown in Pancevacki rit.

Conclusion

On the basis of investigations of important pomological properties of raspberry types, we have
made the following conclusions:

Agro-ecological conditions of Bratunac region are considered as appropriate for intensive
raspberry production. Among the studied types, Meeker expressed better physical and
chemical fruit characteristics than other two examined types (Willamette and Heritage), while
the lowest qualities were expressed by the variety Willamette, but without exception of
specific characteristics for certain type.

In accordance to the achieved resultsconcerning economic-biological characteristics of
examined raspberry types, it can be concluded that the intensive production of standard and
perspective floricane fruiting raspberries in the region of Bratunac is justified. Besides that,
introduction of primocane fruiting varieties can provide off-season raspberry production in
this region.

181



Third International Scientific Symposium "Agrosym Jahorina 2012"

References

Finn, C., Knight, V. (2002): What's going in the world of Rubus breeding? Acta Horticulturae
585: 31-38.

Gavrilovié-Damnjanovic¢,J.,Mitrovi¢.O., Stanisavljevié, M. (2004): Pogodnost ploda nekih
sorti maline za zamrzavanje. Jugosl. vocar. Vol. 38. br. 147-148 (2004/3-4), 215-219.

Marinkovi¢, D.,Mi$i¢, D. P., Zec, G., Slavica Coli¢ (2004): Pomolo3ke osobine sorti maline u
Pancevackom ritu. Jugosl. vocar. Vol. 38. br. 145-146 (2004/1-2), 91-99.

Misi¢, P., Nikoli¢, M. (2003): Jagodaste vocke. Institut za istrazivanja u poljoprivredi,,Srbija“,
Beograd.

Petrovi¢, S, MiloSevi¢, T. (2002): Malina-Tehnologija | organizacija
proizvodnje.Agronomski fakultet, Cacak.

Stanisavljevié,M.,Milutinovié¢,M., Tedovié, Z. (1988): Uporedna ispitivanja privredno-
bioloSkih osobina novije introdukovanih sorti maline.Jugoslovensko vocarstvo,
22,86:357-364.

Stanisavljevic¢, M., Leposavic, A., Milenkovi¢,S., Petrovic,S. ( 2004). Biological-pomological
properties of newly raspberry cultivars and selections. Journal of Yugoslav Fruit
Growing, Vol. 37, No 143-144. 123-129.

182



Third International Scientific Symposium "Agrosym Jahorina 2012"

10.7251/AGSY 1203183S
UDK 634.1/.7(497.15 Sargjevo)

POMOLOGICAL PROPERTIESOF SWEET CHERRY CULTIVARSON GISELA 5
ROOTSTOCK IN THE REGION OF SARAJEVO

Mirjana STOJANOVICY, Dragan MILATOVIC? Mirko KULINA®, Zlatka ALIC -
DZANOVIC?

Faculty of Agriculture, University of East Sargjevo, Republic of Srpska, Bosniaand Herzegovina,
2 Faculty of Agriculture, University of Belgrade, Serbia
® Federal Department of Agriculture, Sargjevo
(Corresponding author: rmirjana26@yahoo.com)

Abstract

Pomological properties of five sweet cherry cultivars, grafted on Gisela 5 rootstock, were
studied in the region of Sargjevo, during a two — year period (2010 — 2011). Studies have
included time of flowering and maturing, and the most important physica and chemical
properties of fruits. Cultivar ‘Karina’ had the greatest abundance of flowering, and, at the
same time, the lowest weight of fruit. The highest weight of fruit was found in cultivar
‘Schneider’s Spate Knorpelkirsche’, which also had the lowest abundance of flowering. In
general, among the studied cultivars, ‘Kordia’ and ‘Regina’ were shown the best properties,
and they can be recommended for commercial production in the region of Sargjevo.

Keywords. sweetcherry, cultivar, flowering, maturing, fruit quality.
I ntroduction

Sweet cherries are grown worldwide, on all continents, in al parts of temperate climate. They
are very interesting for consumers and has always been described as *’respected’” fruits of
high quality. Fruits of sweet cherry are refreshing, diuretic, energetic, anti—-infective and it has
the laxative and detoxifying effect. That is the reason why the greatest part of harvest (around
85%) is used fresh for consumption, although it is also used for various kind of processing
(compote, jam, candied fruit, juice, brandy, etc.). Concerning the fact that the demand for
sweet cherry fruits increases from year to year, in perspective, there are real conditions to
expand the production, and at the same time to enlarge its economic significance. An increase
in production of sweet cherries, as well as profitability of its growing, depends on biological
and economic properties of the cultivar and the rootstock.

Bosnia and Herzegovina has a long tradition of fruit production, as well as al conditions for
the development of fruit production. According to the data of Federa Bureau of Statistics,
there has been an increase in the number of planted and productive trees recently, affecting an
enlargement of production. In the region of Bosnia and Herzegovina, sweet cherry is mostly
grown on the location of Mostar and in the valey of the Neretva River, in the first place due
to favorable agro-ecological conditions. The mostly grown are early — season cultivars, that
ripen at the beginning of May. They are, mostly, autochthonous cultivars such as: Mostarska,
Arslama, Bosanlija, Hrust, Bjelica. Unavailability of sweet cherry on the market is permanent,
and the export of fruits is amost negligible. According to the data of Agency for Statistics of
Bosnia and Herzegovina during 2007 and 2008, there was no export of sweet cherries and the
whole production was put on the domestic market. Apart from that, a certain amount of fruits
was also imported during this period.
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The aim of this work was the study of pomological properties of sweet cherry cultivars, with
different time of ripening. According to this results, recommendation of the best cultivars for
commercia growing in the conditions of Sargjevo could be made.

Materials and methods

The research was carried out during 2010 and 2011, on the location of Saragjevo, in the cherry
orchard for cultivar testing of Federa Bureau of Agriculture of Bosnia and Herzegovina
located in Butmir — llidza. Test plantation was bulit in the spring of 2007, at the atitude of
600 meters above sea level. Five cultivars of sweet cherries were studied: ‘Burlat’, ‘Kordia’,
‘Schneider’s Spate Knorpelkirsche’, ‘Karina’, ‘Regina’. Rootstock for all varieties was ‘Gisela
5°. Training system is modified slender spindle with spacing of planting 4x2 m (1250
trees/ha).
Flowering was followed by recommendations of the International working group for
pollination (Wertheim, 1996). The date of beginning of flowering was taken when 10% of
flowers were open, full — when 80% of flowers were open, end — when 90% of petals were
falen. Duration of flowering was determined by the number of days from the beginning to the
end of flowering. Abundance was assessed according to a scale from 1 (no flowers) to 9
(abundant bloom). The date of harvest is taken as the time of maturing. Characteristics of fruit
are determined on a sample of 30 fruits for each cultivar. Standard morphometric methods
were used to determine the weight of fruit, dimensions of the fruit, the length of the stalk and
the weight of the stone. Index of the fruit shape is calculated by formula: length of the
fruit’width of the fruit x thickness of the fruit. Proportion of the stone is calculated by
formula: the weight of the stone x 100 / total weight of the fruit. Soluble solids are determined
by refractometer, total acidity is determined by titration with 0,1N NaOH, and sugars by
method of Luff-Schoorl.
The results are processed by the statistical method of the analyses of variance for two factoria
experiment. The significance of differences between mean values is determined by Duncan’s
multiple range test at P=0,05.

Results and discussion

Flowering is one of the most important sweet cherry phenophases, because yield depends on
the start, duration and abundance of flowering. The flowering time is greatly influenced by
weather, particularly by temperature and relative humidity before the beginning of flowering
and during flowering. Considering that many high — quality cultivars of sweet cherries are self
— incompatible, knowing the flowering phenophase is very important for choice of cultivars
before orchard planting. For a successful pollination it is necessary to combine those varieties
that belong to the same group by the time of flowering.

Table 1. Phenological properties of sweet cherry cultivarsin conditions of Sarajevo (average, 2010-2011)

Flowering

Cultivar . Duration  Abundance m;titr;:zggn
Beginning Full End Idays (1-9 Scale)

Burlat 13.04. 17.04. 25.04. 12 2,3 03.06.

Kordia 17.04. 20.04. 30.04. 13 4,1 21.06.

Schneider's 18.04. 24.04. 02.05. 14 2,0 22.06.

Karina 17.04. 22.04. 01.05. 14 7,1 27.06.

Regina 19.04. 23.04. 04.05. 15 6,2 29.06.
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The differences in flowering between the years of studies were noticed. Namely, in 2011, an
earlier flowering period was noticed, 2 — 8 days in comparison with 2010. The average
duration of flowering was 13.6 days (with variation of 12 — 15 days). The abundance of
flowering has large influence on fruit set and yield. The largest flowering intensity was found
in cultivar ‘Karina’ (grade 7.1), while the smallest intensity was found in cultivar ‘Schneider’s
Spate Knorpelkirsche’ (grade 2.0). In 2010, there was a smaller abundance of flowering
because the studied cultivars were in the first year of production. The time of maturation of
the studied cultivars was from 03. 06. (‘Burlat’) to 29.06. (‘Regina’). Comparing the years of
studies, it can be concluded that the differencesin the time of maturation for the same cultivar
were not big (4 — 6 days).

The weight of fruit is one of the most important pomological characteristics because the fruits
are mainly used for fresh consumption. Kappel et al. (1996), giving the model of ‘ideal’ of
sweet cherry cultivar, state that it should have the weight of fruit 11 — 12 g. Crisosto et al.
(2003) state that the size of the fruit determines the crop, quality and acceptance of the
cultivar by the consumers.

In our study, the weight of fruit ranged from 6.20 g in cultivar ‘Karina’ to 8.03 g in cultivar
‘Schneider’s Spate Knorpelkirsche’. ‘Karina® and ‘Regina’ had statistically significant lower
fruit weight than other cultivars . According to the obtained coefficients of variation, it can be
concluded that the most uniform fruits were in cultivar ‘Kordia’ (5.76%) while the greatest
variation wasin cultivar ‘Burlat’ (11.41%).

Table 2. Fruitproperties of sweet cherry cultivars in conditions of Sarajevo (average, 2010-2011)

. . - . Stone
_ Fruit weight Fruit dimensions (mm) Shape Stalk properties

Cultivar Ccv factor lenght Weight Share

g (06) Lendht  Width  Thickness (cm) (g? %)
Burlat 794ab 1141 23,1 25,2 20,3 1,04 3,2 0,44 55
Kordia 781b 576 23,0 24,7 20,6 1,03 49 0,42 53
Schneider's 8,03a 6,27 23,3 25,3 211 1,01 50 0,48 59
Karina 6,20d 7,71 20,9 22,7 20,0 0,96 44 0,45 7,2
Regina 750c 6,92 22,5 23,8 21,0 1,01 51 0,57 7,6

Means followed by the same |etter do not differ significantly according to Duncan’s multiple range test at P=0,05

Average values of fruit dimensions were in correlation with the weight of fruit. In al studied
cultivars, the larger width than length was found. On the basis of fruit dimensions, fruit shape
factor was calculated. That value was lowest in cultivar ‘Karina’ (0.96), and highest in
cultivar ‘Burlat” (1.04). The length of stalk is an important parameter in cultivar
determination. Longer stalk is better than shorter one because of easier picking and lesser
tendency to decay and cracking of the fruit. According to Schick and Toivonen (2000) short
and green stalk reminds buyers on freshness and juiciness of the fruit. Average weight of the
stone in studied cultivars ranged from 0.42 g in cultivar ‘Kordia’ to 0.57 g in cultivar
‘Regina’. The lowest share of the stone in total weight of the fruit was in cultivar ‘Kordia’
(5.3), and highest in cultivar ‘Regina’ (7.6). Sweet cherries with lower weight of the stone
have better value, as well as those having lower share of the stone in total weight of the fruit.
Fruit quality of sweet cherry cultivars was defined on the basis of chemical properties of the
fruit, and the results are presented in Table 3.
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Table 3. Chemical composition of sweet cherry cultivarsin conditions of Sargjevo (average, 2010-2011)

Cultivar Soluble solids Total Inverted vl acids
sugars sugars

Burlat 13,40 8.28 7.5 0,44

Kordia 16,50 10,48 9,10 0,49

Schneider's 15,00 7.35 6,38 0,46

Karina 16,10 9,53 8,33 0,62

Regina 14,50 7.38 6,08 0,52

Main factor of fruit quality, is the content of soluble solids (Crisosto et al., 2003). It depends
on many factors, and mostly on the cultivar (Goncalves et al., 2006), rootstock (Usenik et al.,
2010) and stages of fruit ripeness (Drake and Elfving, 2002). The content of soluble solids in
studied cultivars was 15.10% on average. The lowest content was found in cultivar ‘Burlat’
(13.20%), and the highest in cultivar ‘Kordia’ (16.50%). Lower content of soluble solids in
cultivars ‘Regina’ and ‘Kordia® was found in our study in comparison to the results of
Milatovic et al. (2011). Comparing our results to the results of Voca et al. (2010) we can see
that content of soluble solids in cultivar ‘Karina’ is slightly higher, while it is lower in cultivar
‘Regina’. Content of total sugars ranged from 7.35-10.48%. The highest sugar content level
was found in cultivar ‘Kordia’, while the lowest content of sugar was found in cultivar
‘Schneider’s Spate Knorpelkirsche’. Lower content of sugar in studied cultivars in comparison
to the results of Milatovi¢ et al. (2011) is the result of earlier picking in relation to optimal
fruit ripeness. Analysing the content of sugar types in the fruit, we made a conclusion that
inverted sugars are dominant, and sucrose is present in smaler amounts, which is in
accordance with the results of other authors (Girrard and Kopp, 1998; Voca et al., 2008). The
content of acids ranged from 0.44% (“Burlat’) to 0.62% (‘Karina’). Vangdal (1985) states that
the acid content does not significantly determine the quality of sweet cherry, considering that
most of sweet cherries cultivars have amost the same low level of acids. According to Kappel
et al. (1996) the ’ideal’ of sweet cherry cultivars would be the one having the content of
soluble solids between 17% and 19%. The differences between our results and results of other
authors can be explained by the influence of different rootstock, soil and climate conditions,
cultural practeces, and stage of maturity (Drake and Elfving, 2002; Crisosto et al., 2003).

Conclusion

On the basis of two-year investigations of important pomological properties of sweet cherry
cultivars, grafted on Gisela 5 rootstock in the region of Sargjevo, we have made the following
conclusions:

Flowering of studied cultivars started in the second half of April, and it lasted 12 — 15 days
(13.6 days on average). The earliest flowering was in cultivar ‘Burlat’, and the latest in
cultivar ‘Regina’.

Average time of maturation was from 3 June (‘Burlat’) to 29" June (‘Regina’).

The weight of fruit ranged from 6.20 g (‘Karina’) to 8.03 g (‘Schneider's Spite
Knorpelkirsche’). ‘Karina’ and ‘Regina’ had statistically significant lower fruit weight than
other cultivars. The most uniform fruits were in cultivar ‘Kordia’ while the greatest variation
was in cultivar ‘Burlat’.

Fruit shape factor ranged from 0.96 (‘Karina’) to 1.04 (‘Burlat’).

The length of stalk varied from 3.2 cm (‘Burlat’) to 5.1 cm (‘Regina’). The studied cultivars
can be divided into cultivars with short stalk (‘Burlat’), cultivars with medium length of stalk
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(‘Karina’) and cultivars with long stalk (‘Schneider’'s Spzte Knorpelkirsche’, ‘Regina’, and
‘Kordia’).

The lowest weight of stone was in cultivar ‘Kordia” (0.42 g), and the highest was in cultivar
‘Regina’ (0.57 g). The lowest share of stone in the weight of fruit was in cultivar ‘Kordia’
(5.3%), and the highest was in cultivar ‘Regina’ (7.6%).

The content of soluble solids ranged from 13.40% (‘Burlat’) to 16.50% (‘Kordia’). The
content of total sugars was 7.35 - 10.48%, and of inverted sugars 6.38 - 9.10%. Total acidity
of studied cultivars ranged from 0.44 - 0.62%.

Taking al into account, the best features among studied cultivars were found in cultivars
‘Regina’ and ‘Kordia’. However, in order to make afinal conclusion about these cultivars, the
study has to be continued.
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Abstract

Jahorina Mountain is located in the central part of Bosnia and Herzegovina. It is a part of the
continental Dinaric Mountain massif,where the largest peak is known as Ogorjelica (1916
meters above sea level).

Jahorina Mountain is very rich in maple (Acer pseudoplatanus, Acerpseudoplatanus f.
argutum, Acer pseudoplatanus f. serratum,Acer heldreichii subsp. visianii, Acer intermedium
, Acer platanoides, Acer campestre). Its presence is significant, and that is why the former
name of this mountain was “Javorina” (“javor” is the local word for maple).

Jahorinais the northern border of the mountain maple in the Balkan Peninsula. In this area,
maple occurs in mixed deciduous forests. For example, Acer heldreichii subsp. visianii is
common within ass. Abieto-Fagetum illyricum and Piceo — Abieto - Fagetum, whereas Aceri
visianii — Fagetum B. Jov. 1957 isfrequent inforests.

Significant presence of mountain maple caused the separation in two Nature reserves with
stricter regime for protection, to the Gold Valley in subalpine and Small Maple in the
mountain belt of Jahorina

K eywor ds:Jahorina, Javorina, mountain maple, flora, vegetation, protection.
I ntroduction

Jahorina Mountain represents a fascination for nature admirers (mountain climbers, athl etes,
hunters, tourists,). The oldest existing information about flora researching of Jahorina
Mountain dated back to Fia from 1893, 1895; Beck-Mannagetta 1886-1898, 1903-1923;
Maly 1938, 1939; BjelCi¢ 1964-1965. Herbarium collection that was created as a result of
these studies is well-preserved and located in Sargjevo at the National Museum of Bosnia and
Herzegovina. After the flora researching process, there comes a period where scientists
conduct a detailed study of vegetation from different areas of Bosnia and Herzegovina,
including Jahorina Mountain as well. One of the first vegetation researchers of Jahorina was
Slavni¢ (1954). Fukarek and Stefanovi¢ explored forest vegetation in 1958, and BjelCi¢ did
the same with meadows and pastures situated in front of mountains. Floristic and vegetation
data can be seen in the ecosystem study of Ravna planina moorland, Lakusi¢ et al 1981.
Vegetation of this mountain was analyzed in order to know more about mountain maple
distribution on Mt. Jahorina (in the territory of Republic of Srpska) which could be an
important prerequisite for possible proclamation of the mountain as protected nature area
The main purpose was to establish the presence and state of the population of Balkan endemic
species, the mountain maple Acer heldreichii, and its groups that are indigenous for Jahorina
Mountain. By protecting this area, there will be additional measures for conservation of the
mountain maple as well,.
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M ethods and materials

All available literature sources concerning mountain maple in Bosnia has been examined.
After that, detailed field studies had been conducted during 2004, 2005 and 2006. The studies
were performed using the method of transect and recording of number of phytocoenological
relevés in different habitats (Braun-Blanquet, 1965).

Identification of species was based on floristic literature (Beck, 1903, 1927; Josifovic et al.,
1970-1977; Javorka and Csapody, 1979). Nomenclature is adjusted to (I-V)FloraEuropaea.
Floral elements and life forms of plants are given by Oberdofer (2001). Ecological indices
were analyzed by Kojic and associators (1997).

Maple forests of Jahorina Mountain have been examined at sites such as: Javor, Dvoriste and
“Zlatna dolina near Stansko vrelo.

These phytocoenological records are presented within synthetic phytocoenological chart and
compared with results obtained for this and other areas of Republic of Srpska, Bosnia and
Herzegovina and wider.

Results and discussion

Forests with maple on Mount Jahorina can be seen within the altitude of 1300 — 1 600 m,
while some individual specimens can grow at even higher atitudes. Mixed broadleaved-
deciduous and conifer forests are well present in this zone, and consisted of mainly beech, fir
and spruce trees in various quantitative relations. This zone is much wider, compact and with
better preserved forests, in contrast to the subalpine beech forests which are degraded,
discontinuous and usually turned into subalpine lawn. Degradation of forest vegetation of
Jahorina's highest parts started in a distant past, starting from 1 600 meters up to the peaks,
where such poor vegetation got its geographical name “Gola” (“Naked”) Jahorina.

Forest population and mountain maple communities on Jahorina have been considerably
reduced, and the most beautiful representatives of the previously mentioned maple trees have
been cut down. Because of these reasons, mountain maple is very rarely seen in form of a tall
tree, comparing to more common shrub form. One of the main causes why this happens isthe
constant cutting for the purpose of formation of the ski pists, lifts, ropeways and transmission
lines. These destroyed surfaces are till being naturally or artificially maintained in that
disastrous state. Other argument is the obvious effect of the previous war (fires) that happened
in thisregion.

Maple forests have been studied in places such as Javor, DvoriSte and in the highest forest belt
of vegetation called Zlatna Dolina up to Stansko vrelo (Tab. 1). At high altitudes in the range
from 1350 to 1600 meters, in northern and northeast exposures and mild slopes up to 15
degrees, geologic surface is mostly consisted of limestone, quartz sandstone and colluvia
deposits. The land is basically in different developmental stages of calcareous soils. Forests
are scarce and the general coverage spans from 60% to 80%. Vegetation height is not the
same everywhere — in reassembled forests it goes up to 30 meters high, and in degraded is
about 8 meters, with individual trees of over than 30 m of height. Age of the vegetation is
different, probably from 70 to 150 years.
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Table 1. Mixed forests with mountain maple (Acer heldreichii) on Jahorina

J A H O R | N A
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[5] ) © -
Locality g~ g g
% T = ° -
<858 w9 - s = & 3
2589 Z3 22 B 5 = 5 5 5
P58 a4 NG N A s g g g
Altitude (m) 1400 1400 1380 (1)60 1350 1450 1580 1500 1400
Exposure N N-NO NO N N NO NO N N
Slope 2-5 5-10 5 15 10 10-15 1520 15 15-20
=] =]
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Geological surface = g g = £o g g g g
£Z i g E 2% § § § B
Se £ 28 3 & £ £ £ £
o 0o E E £
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g 5 T £ 3§ &8 EEEE GEE
< om < < < om Ir = Ir = I =
Surface of the recordings (m?) 1 0 0 O
Genera coverage (%) 60 80 80 60 70 80 70 60 70
Height of vegetation (m) max 34 5 35 30 gg 5 20 o5 5
Pectoral diameter (cm) Fl’g 51-_)8 ElBg 18 70 50 50 ;’8 40
Age of vegetation (years) 70 80 150 100 80 70 80 70 70
Date 12.08. 12.08. 10.10 19.06. 20.06. 20.06. 15.09. 15.09. 15.09.
200 4 2 0 0 5
Number of localities 1 2 3 4 5 6 7 8 9
FLORISTIC COMPOSITION
| Level of high trees
Abies alba 2.2 4.4 11 11 2.2 2.2 11 2.2 11
Picea abies 3.3 2.2 11 . 2.2 12 3.3 11 2.2
Fagus sylvatica 11 11 11 33 +.1 22 . 11 2.2
Acer heldreichii +.1 +.1 11 +.1 . 11
Acer pseudoplatanus 11 +.1 +.1 .
Sorbus aucuparia . +.1 +.1
Fraxinus excelsior +.1
Il Level of low trees
Abies alba 11 11 11 +.1 2.2 11 11 +.1 +.1
Picea abies 11 +.1 11 +.1 11 11 11 +.1 +.1
Fagus sylvatica +.1 11 3.3 . +.1 11 +.1 +.1 +.1
Acer heldreichii 11 +.1 . +.1
Acer pseudoplatanus +.1 +.1 +.1
Sorbus aucuparia +.1 +.1
Il Level of shrubs
Abies alba +.1 +.1 2.2 +.1 11 +.1 11 11 11
Picea abies +.1 +.1 2.2 +.1 11 +.1 +.1 11 11
Fagus sylvatica +.1 +.1 11 33 22 +.1 22 +.1 12
Acer heldreichii +.1 +.1 +.1 +.1 11 +.1 +.1
Sorbus aucuparia +.1 +.1 . +.1 +.1 +.1 +.1
Rubus idaeus +.1 +.1 . 2.2 +.1 +.2
Acer pseudoplatanus +.1 +.1 +.1 +.1
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Vaccinium myrtillus . 2.3 +.1 12 +.3
Rosa pendulina +.1 +.1 .
Lonicera xylosteum +.1 +.1
Rubus hirtus +.1 . . +.1
Ulmus glabra +.1 11 . .

Daphne mezereum . +.1 +.1

Rosa pendulina +.1 .

Sambucus racemosa +.1 .

Lonicera nigra +.1

Lonicera alpigena +.1

IV Level of herbaceous plants

Oxalis acetosella 12 +.1 12 +.2 +.2 . 12 12 12
Fragaria vesca +.1 +.1 +.1 . +.1 +.1 11 +.1 11
Galium odoratum . 2.2 11 11 +.1 11 11 11 +.1
Athyrium filix-femina 11 +.1 11 +.1 +.1 +.1 +.1 .
Viola reichenbachiana 11 11 +.1 +.1 +.1 +.1 . . +.1
Aremonia agrimonoides 11 +.1 +.1 +.1 +.1 +.1 +.1 .
Gentiana asclepiadea 11 . +.1 . +.1 +.1 +.1 11 11
Asarum europaeum . +.2 +.1 +.1 +.1 +.2 11 +.2
Symphytum tuberosum +.1 +.1 +.1 11 +.1 . +.1 .
Ajuga reptans +.1 11 . . +.1 +.1 11 . +.1
Prenanthes purpurea +.1 . +.1 +.1 . +.1 +.1 +.1 .
Euphorbia amygdal oides +.1 +.1 . 11 . +.1 +.1 11
Lamiastrum galeobdolon . . 12 11 +.2 12 12 12
Acer pseudoplatanus +.1 +.1 +.1 +.1 +.1 .

Abies alba +.1 +.1 . . +.1 +.1 +.1

Dryopterisfilix - mas 11 11 11 +.1 11 .
Adenostyles alliariae . . 11 +.1 +.1 +.1 +.1
Hypnum cupressiformae 2.3 13 13 . 13

Mycelis muralis +.1 +.1 +.1 +.1 .
Carex sylvatica 11 +.1 . +.2 . +.2
Doronicum austriacum +.1 +.1 . . +.1 +.1

Polygonatum verticillatum 11 +.1 +.1 . +.1

Dactylorhiza maculata +.1 . +.1 +.1 +.1 .

Saxifraga rotundifolia . . +.1 . +.1 +.1 +.2
Hieracium murorum 11 +.1 . +.1

Euphorbia carniolica +.1 +.1 +.1 .

Anemone nemorosa +.1 11 11 . .

Luzula sylvatica 12 . . 12 22

Picea abies +.1 . +.1 . +.1

Acer heldreichii +.1 +.1 +.1 .

Sorbus aucuparia +.1 +.1 +.1 . .
Hordelymus europaeus +1 . . +.1 33
Veronica urticifolia 11 +.1 . 11 .
Sanicula europaea 2.2 . +.1 . . +.1
Thalictrum aquilegifolium +.1 +.1 . +.1

Rosa pendulina +.1 +.1 +.1 .
Pulmonaria officinalis +.1 . 12 +.1
Aegopodium podagraria . . +.1 +.1 +.1
Aposeris foetida 22 +.1 .

Myosotis sylvatica +.1 11

Melampirum hoermannianum 12 11

Hypericum tetrapterum +.1 +.1

Hylocomium loreum 13 13 .

Epilobium montanum +.1 +.1

Fagus sylvatica +.1 . . . +.1 . . .
Actaea spicata +.1 21 + + + + +
Luzula pilosa 12 +.1

Cardamine waldsteinii +.1 11
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Cardamine enneaphyllos

+.1

11

Polystichum aculeatum

11

+.1

Milium effusum

+.1

+.1

Geranium robertianum

11

+.1

Veratrum album

+.1 +.1

Phegopteris robertianum

+.1

+.1

Lilium martagon

+.1

+.1

Caltha palustris

3.3

Carex brizoides

13

Dicranum scoparium

13

Thuidium tamariscinum

13

Equisetum sylvaticum

11

Melica nutans

+.2

Alliumursinum

+.2

Deschampsia cespitosa

+.2

Melica uniflora

12

Mercurialis perennis

11

Chrysosplenium alternifolium

+.2

Polytrichum communae

+.2

Festuca drymeja

3.3

Laserpitium marginatum

11

Rubus hirtus

+.2

In the first of 1-8, with avaue of +.1, represented the following species:

1. Prunella wulgaris, Tussilago farfara, Filipendula ulmaria, Ranunculus platanifolius,
Geranium sylvaticum, Veronica officinalis, Senecio subal pinus, Astrantia major

2: Lathyrus venetus, Galeopsis speciosa, Moehringia trinervia i Epipactis helleborine

3. Salvia glutinosa, Potentilla micrantha i Cardamine bulbifera

4: Lunariarediviva, Urtica dioica, Scrophularia nodosa, Rubus idaeus

5: Viola biflora, Usnea barbata, Cladonia rangiferina

6: Cicerbita pancicii, Paris quadrifolia:

7: Aconitum sp.

8: Phyteuma spicatum, Senecio nemorensis subsp. fuchsii

The floristic composition of these forests consists of 107 species. Levels of high and low trees
are made of seven species, but only beech, fir and spruce are in al levels, with considerable
number and coverage. The level of shrubs creates 17 species, including the ones from the
group of low trees. In the group of herbaceous plants, there has been a recording of 89
species, where nine are seedling of woody plants. Not even one speciesis seen in these stands.
The most often species are: Oxalis acetosella, Fragaria vesca, Galium odoratum, Aremonia
agrimonoides, Viola reichenbachiana, Athyrium filix-femina, Asarum europaeum, Gentiana
asclepiadea, Ajuga reptans, Symphytum tuberosum, Lamiastrum galeobdolon. Some of them
are significantly placed in individual stands. Caltha palustris, Aposeris foetida, Sanicula
europaea, Festuca drymga and Hordelymus europaeus and they induce environmental
conditions in them. Great diversity of different stands can be seen; which is aso an indicator
that a number of species (41) isonly in one recording each. Mountain maple is relatively little
represented in these forests (from +1 to 1.1). There are 5 stands concluded out of 9 analyzed;
but only in level of shrubsin four stands and in level of herbaceous plantsin one stand.

Analysis of the biologica spectrum of the association completes the picture of the
environmental conditions and the character of the habitat. Biological spectrum builds 5 groups
of life forms. According to biologica spectrum the highest percentage is with
hemikryptophytes with 60% of all species but with small covering values. On the second
place by percentage of the forms are phanerophytes with 16.85% of the species. but that make
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the greatest cover values. In building of biological spectrum there is a slight percentage of
geophytes (15.78%), chamaephyta (5.26) and therophyte (2.11%).

Based on the analysis of areal spectra the presence of 10 groups of floral elements is
revealed. The most significant percentage of the types have pre-Alps (22.34%), bored
(21.27)and sub-Atlantic (18.08%) and Eurasian (15.96%) group of floral elements. The
presence of these species from the group of floral elements is in accordance with the
environmental conditions in which this type of vegetation develops. Low percentage of
participation in the construction of areal spectra is reached by moderate continental, sub-
Mediterranean, endemic, European and adventitious group of floral elements.

More complete picture of the ecological habitat specificities is obtained by the analysis of
environmental indices for basic environmental factors (soil moisture, soil acidity, mineral
content in the soil, light and temperature conditions. According to soil moisture community is
mesophilic , because the typical mesophytes accounted for 78.82% of total number of species.
In accordance with the requirements for soil acidity community is neutrophilic because these
species are 62.35% of al the species, and the transitional group between the neutrophil and
basophil makes 28.23% of the species. In relation to the amount of nitrogen in the sail it is
dominated by mesotrophic plant species with 58.82% of al the species. Most types of
community building belong to the transitional group between sciophytes and semi-sciophytes
with 45.88% and semi-sciophytes with 38.83% of total number of species, semi-sciophytes
and heliophytes (S;). Mesothermic types participate in community building with 67.05%,
while the transitional group between frigorophilic and mesothermic plants is ranged with
25.88% of species.

Flora of Jahorina Mountain consists of 1.159 taxa including es endemic species of Balkan
Peninsula-the mountain maple (Acer heldreichii Orph. ex Boiss.). It belongs to the central-
Balkan floral element. This species was for the first time recorded for Balkans by Fialain
Klek village in 1895. Karlo Maly later established that this mountain maple is more frequent
on Mount Jahorina. He described a subgroup A. h. subsp. visiani, which is distributed in
Bosnia and Herzegovina and Serbia.

Beech-maple forest Acer heldreichii subsp. visianii forms more families in illyrian-
moesian area, which is populated with limestone, smaller silicates, and in subapine belt it
creates colluvial drift with even deeper luvic land. They are situated in cooler humic habitats
mostly around 1 300 — 1 600 meters above sealevel, places where snow stays longer.

Many beech and forest maple plant associations have been described as. Aceri heldreichii -
Fagetum B. Jov. 1957 (Serbia); Aceri visiani — Fagetum Fuk. et Stef. 1958 (Bosnia and
Herzegovina); Fago - Aceretum visianii Blec. et Lk3¢. 1970 (Montenegro); Aceri heldreichii
— Fagetum subalpinum Jank. et Stev. 1983. (Kosovo); Fagetum subalpinum inferiorum
(=Fagetum altimontanum); MiSi¢ and Popovi¢ 1954 (Kopaonik), and also on Mount Golija,
around the river area we have Aceri heldreichii — Fagetum montanum Jov., and Aceri
heldreichii — Picetum abietis. They are al rounded up into a widely understood family by the
name of Aceri heldreichii — Fagetum B. Jov. 1957 (Jovanovi¢, 1986). Koviljka Stankovi¢
Tomi¢ marked beech-fir forests in Mokra Gora (which grow around 1 200 — 1 500 meters
above sealevel) as Abieto - Fagetum aceretosum visianii in the year of1974.

In the area of Mountain Jahorina there is a presence of sub-alpine forests of beech and
maple(Aceri-Fagetum subal pinum). This community on Jahorina occupies less area because
sub-alpine belt is significantly degraded. In sub-alpine forests of spruce (Piceetum
subal pinum) mountain maple (Acer heldreichii subsp. visianii) is present individually. Below
this belt there are mixed forests of beech, fir, spruce (Piceo-Abieti-Fagetum) where Greek
maple trees are encountered with small degree of presence and small covering value. In the
mixed forests of the study area Greek or mountain maple has optimum.
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In Serbia, this type builds woods, amost always with sub-alpine beech (Aceri heldreichii -
Fagetum). On Mountain Rudnik in Serbia, Greece maple occupies the extreme northern point
of distribution in the world. Perovic and Cvjeticanin (2009) describe the community of
mountain maple with beech and hornbeam (Acer heldreichii-Fagetum subass. carpinetosum
betuli) which represents a new sub-association within the community Aceri heldreichii-
Fagetum.

Conclusion

In the flora of Jahorina there is an endemic Bakan species called forest maple (Acer
heldreichii Orph. ex Boiss. subsp visianii K. Maly), located on northwestern border of this
area.

The forest maple occurs within broadleaved-deciduous and coniferous forests (ass. Piceo -
Abieto - Fagetum). Comparing to the dominant species, beech, fir and spruce, it is less
abundant and distributed at many sites of studied area. Subalpine forests of beech and forest
maple are not that widespread on Mount Jahorina because the subalpine belt is degraded and
turned into mountain lawns.

Community where there is a mountain maple has phanerophytic- hemikryptohpytic character.
In relation to humidity community it is very mesophilic , in relation to soil acidity it is
neutrophilic, in relation to nitrogen it is mesotrophic, in relation to light it is sciophytic to
semi-sciophytic , and in relation to the temperature it is frigorific to mesothermic. Ared
spectrais dominated by sub-mountain, boreal and sub-Atlantic group of floral elements.
Forests of Mount Jahorina are considerably depleted, and the most beautiful populations of
mountain maple are being cut down. Mountain maple is rarely seen as a tree, and more
common form was the shrub.

Preservation of Jahorina Mountain area will alow continuous survival of forest vegetation
and with it also survival and regeneration of forest maple.
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Abstract

Bees provide pollination service which is very important for the reproduction of most seed
producing plants as well as food crops. The Pollination services are aso crucial for
biodiversity conservation. Apis mellifera bee species have been known and kept al over the
world for pollination services. In recent times it has become critical to explore and enhance
the prospects of other bee species as alternatives to A. mellifera due to diseases and pests such
as the varroa mites. Some tropical countries such as Australia have benefited immensely from
stingless beekeeping but this practice is non-existent in Ghana due to lack of knowledge about
the bees even though some species are found. By means of Direct Visual Observation Method
in arandomized complete block design, the foraging resources of stingless beesin aforest and
coastal savannah ecologies were investigated, using coconut as test crop to form a baseline for
stingless beekeeping in Ghana. The stingless bees in the two ecosystems visited only the floral
parts of the coconut, collecting pollen and nectar. The bees collected more pollen than nectar
from the coconut and the probability of the two sample t-test showed a highly significant
difference (P< 0.001). Also the two species of Meliponula stingless bees, identified were
found in either of the two ecosystems.

Keywords. Pollination, biodiversity conservation, stingless bees, food crops, ecosystems
I ntroduction

The Méeliponines or stingless bees are the only social bees other than the true honeybees, A.
mellifera (Michener, 2000). These bees have so many characteristics that enhance their
potential as pollinators of crops. They are polylectic or generalist flower visitors, visiting a
broad range of plant species. Heard (1999) reviewed the crop pollination of stingless bees and
reports that Hypotrigona ponthieri visited 54 species in 28 families, Melipona marginata
visited 173 species in 38 families and Melipona favosa visited 38 species in 26 families. In
the tropics and subtropics stingless bees have been found to visit most flowering plants
(O’toole and Raw, 1991) and are therefore considered to be important pollinators of crops in
these parts of the world (Free, 1993).

Pollination service of bees is very important for the reproduction of most food crops and seed
producing plants as well as biodiversity conservation. In GhanaApis mellifera bee species
(common honeybees) are the only bee species that have been kept, especiadly for hive
products. However with the diseases and varroa mites havoc that is threatening honey
beekeeping all over the word in recent times, it has become critical to explore and enhance the
prospects of other bee speciesin Ghana as aternativesto A. mellifera.

Knowledge about the forage resources of insects is key to effective and successful rearing of
insects or beekeeping. Stingless bees are found to collect a lot of food resources on coconut

196



Third International Scientific Symposium "Agrosym Jahorina 2012"

from various parts of the world. For instance in Surinam and Costa Rica, stingless bees are
reported to be the dominating visitors of coconut (Engel Dingemans-Bakels, 1980; Hedstrom,
1986). In Trinidad, four species of stingless bees occasionally collected coconut pollen
(Someijer et al., 1983). Both the male and female flowers of coconut are visited by the bees
(Hedstrom, 1986) but previous studies give different accounts about which forage resource is
collected more by the bees. For example, Heard (1999) reports that about 83% of individual
stingless bees visiting pistillate flowers in search of nectar, carried loads of coconut pollen
from previoudly visited staminate flowers. Kleinert-Giovannini and Imperatriz- Fonseca
(1987) aso reports that coconut species are mostly visited for nectar rather than pollen.

The study sought to investigate the foraging resources of stingless beesin aforest and coastal
savannah ecologies using coconut as test crop to form a baseline for stingless beekeeping in
Ghana.

The following hypotheses were tested during the study:

Ho 1: Generally, stingless bees do not collect more pollen than nectar on coconut

Ho 2: Stingless bees in forest ecosystems do not collect more pollen than nectar on coconut
plants.

Ho 3: Stingless bees in coastal savannah ecosystems do not collect more pollen than nectar on
coconut plants.

M aterials and methods

The studies were carried out in two ecological areas also in the Centra region of Ghana
These ecological areas are Agyirikrom (elevation 172ft 05° 06.207 N and 001° 27.627 W) in
the Lower — Denkyiradistrict of the Central region representing the forest zone and Ayensudo
(elevation 204ft, 05° 13.893” N and 001° 12.079’ W) in the Komenda Edna- Eguafo Abirem
(KEEA) district of the Central region representing the coastal savannah zone.

Both the forest and coastal savannah zones are generaly hot and there is a comparatively dry
period from November to February when the North-East Trade Winds sets in, bringing in
harmattan conditions. In the KEEA district the origina vegetation was dense scrub, which
was supported by rainfall. This has given way to grassland and scrubs of about 1.5m high
grass and a few scattered trees in the coastal areas. In the Lower —Denkyira district, the
predominant vegetation is secondary forest.

The studies were conducted through direct visual observation also known as sampling at
flowers (Silveira, 2004) in a randomized complete block design. Within each coconut farm
five trees of the crop were randomly selected. Each selected tree within a coconut farm was
observed for 10 minutes and the various stingless bee species visiting the plants were
identified. However, unidentified bees were collected using insect net, for further studies and
identification in the laboratory by a bee Taxonomist. The foraging materials collected by the
bees were also noted. Data was collected twice per month from the period October 2006 —
March 2007. The diversity of the bees within the two ecosystems was computed using the
Simpson’s Diversity Index D (http://www.countrysideinfo.co.uk/simpsons.htm).

Results and discussion

Stingless Bee Species Found on the Coconut Plants

A total of four stingless bee species were recorded on coconut flowers from the forest and
coastal savanna zones within the six, months’ research period. The four species are
Dactylurina staudingeri (Gribodo), Meliponula bocandel (Spinola) Meliponula ferruginea
(Lepeletier) and Liotrigonaparvula Darchen. M. ferruginea occurred only in the coastal
savannah zone, whereas M. bocandei occurred only in the forest zone.
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Diversity of Stingless Bees on Coconut Plants

The diversity of stingless bees was taken as a measure of species richness (the number of
different kinds of stingless bee species present in a particular ecosystem) and evenness (the
relative abundance of the different species making up the richness of an ecosystem).
According to the Simpson’s diversity index, an area is more diverse when its D- value is more
towards zero (0) and less diverse when it approaches one (1). The D-values indicate that the
forest is more diverse than the coastal savannah ecosystem in terms of stingless bees asit is
more towards zero (0). Even though the two ecosystems had the same stingless bee richness,
the relative abundance of the various species was different in both ecosystems (Table 1). D.
staudingeri dominated all the other stingless bee species in terms of abundance.

Table 1. Diversity of the stingless bees on coconut plants within the two ecosystems

Species Forest Coastal savannah
n (relative abundance) n (relative abundance)
D. staudingeri 104 53
M. bocandei 30 0
M. ferruginea 0 5
Liotrigona parvula 14 3
D (diversity index) 0.54 0.76

Foraging resources collected by the stingless bees on the coconut plants

The stingless bees were found visiting only the flora parts of the coconut plants within the
two ecosystems (Plates 1 & 2). They collected resources from both the male and female
inflorescences of the plants confirming Heard’s earlier observation (Heard, 1999). The
probability (under null hypothesis of equal variances) of the two sample t-test showed a
highly significant difference (P < 0.001), thus Hol is rejected in support of Hal. Thus the
bees generally collected more pollen than nectar from the coconut. Nonetheless, at the 95%
Confidence Interval (C.1.), the T-test value of 0.23 with a P-value 0.826 within 10 degrees of
freedom, shows that the difference between the frequency of pollen and nectar collection by
the three stingless bee species in the forest ecosystem is not significant thus failure to reject
Ho2. This implies that within the forest ecosystem, the stingless bees did not frequently
collect more pollen than nectar. In the coastal savannah ecosystem on the other hand, at the
95% C.1., the T-test value of 2.79 with a P-value of 0.019 within 10 degrees of freedom shows
that the difference between the frequency of pollen and nectar collection by the three stingless
bee species is significant. Therefore we reject Ho3 in favour of the alternate hypothesis. In
other words, within the coastal savannah ecosystem, the stingless bees frequently collected
more pollen than nectar.

femal e inflorescence inflorescence
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Conclusion

The study showed that generally stingless bees frequently visit coconut to collect pollen than
nectar. This confirms the observation that stingless bees prefer pollen to nectar as food and
therefore collect mainly pollen during visits (Amano, 2002) probably for brood provisioning.
The bees were found to be more diverse in the forest than in the coastal savannah and M.
bocandel and M. ferruginea occurred separately in the forest ecosystem and coastal savannah
respectively. Further work needs to be undertaken to comprehend the separate occurrence of
the two meliponula species.
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Abstract

In this paper result of two years study of genetic potential on productivity of seven early and
medium early Dutch potato varieties are shown: Riviera, Monaco, Arrow, Artemis and Tresor
(early) and Almera and Arnova (medium early). Research was done on three localities in agro
ecological conditions of northern Montenegro: Niksic (800 m a.s.l.), Kolasin (900 m a.s.l) and
Zabljak (1450 m as.l). Field trials were set up using standard methodology; random block
design in 4 repetitions.

Variance anaysis showed variability of potato yield depending on variety, locality and year of
testing. Highest two years average yield had variety Arnova (32.1 tha), and the lowest
variety Arrow (22.9 tha™). Zabljak, located in the highest altitude, had the best conditions for
growing of early and medium early potato varieties (30.8 tha®), while the lowest productivity
was measured in Niksic (23.6 thal). In 2011, average yield was higher (31.1 tha') as a
consequence of better rainfall distribution during potato growing season.

Key words: potato, early and medium early varieties, yield
I ntroduction

According to the planted area, potato represents the leading agricultural crop in Montenegro.
In the production structure of the arable land, potato accounts for more than 20%. Zoning of
the potato production is closely related to the nature, primarily climatic conditions. The
production of early potatoes, intended for fresh consumption, is mainly located in the Zeta-
Bjelopavli¢i plain and the coastal zone with a share in the total production of 16.8%.
Production of potatoes intended for the storage is a dominant type of production (83.2%) and
isrelated to hilly-mountainous area (Monstat, Statistical Y earbook for 2011.).

Potato yields are still relatively low in Montenegro. Such condition is caused by various
factors, among which, the most important are: the low level of applied technology, growing
potatoes in long-term monoculture, fragmentation of production plots, limited application of
mechanization, production under dry farming conditions, insufficient use of certified planting
material (used on only 10-12% of the surface), adverse effects of agro-ecological factors (high
summer temperatures and growing deficit of rainfall during the growing season of potato),
periodical epiphytotic attacks of fire blight, etc. (Jovovic et.al., 2011, MiloSevic et. al. 2004).
Potato yields in Montenegro are very unstable and very susceptible to the influence of
meteorological conditions (Jovovic et al., 2002). By proper selection of varietiesit is possible
to overcome the adverse impacts of vegetation factors, especialy the water-air regime of soil,
high air temperatures and short growing season in the mountain area.
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Potatoes for human consumption must have the organoleptic quality, i.e. it must be adapted to
the requirements of the market. Tubers should be nicely shaped, with shallow buds, healthy,
strong and pretty equal in size. Tuber skin and flesh colour are not essential for the quality,
but significantly determine customers’ interest. Color stability of meat after cooking is also
very important feature of tubers’ that significantly affect its marketability. Only by good
knowledge of biological, morphological and productive traits of potato varieties and their
compliance with existing pedoclimatic conditions it is possible to achieve high and stable
yields (Momirovic et al., 2000).

The systematic study of the different varieties of potatoes on a number of sites is extremely
important because it spreads a wider selection of varieties adapted to the given specific
conditions (Yang, 2002). Some potato genotypes have the ability that in very different
environmental conditions provide stable yields, either on a higher or lower leve
(Annicchiarico, 2002). Variety productivity is a function of its adaptability to provide stable
yields in very different agro-ecological conditions, so it is very important to create varieties
that will, in awide range of environmental factors, be able to consistently provide high yields
(Haldavankar et al., 2009).

The aim of this study was to investigate the genetic potential of the tested potato varieties and
examine their reactions to the specific conditions of mountain regions, in order to find the
genotypes that will, in the certain production conditions, give satisfactory and stable yields.

M aterials and methods

The study of the productivity of seven early (Riviera, Monaco, Arrow, Artemis and Tresor)
and medium early (Almera and Arnova) dutch potato varieties was conducted during 2010.
and 2011. Trials were conducted in very different agro-ecological conditions and on different
soil types: Niksi¢ (800 meters above sea level, acid brown), KolaSin (900 m above sea level,
aluvial-deluvial) and Zabljak (1450 m above sea level, black soil on limestone).

Tests were carried out using field trials, in a randomized block design with 4 replications. The
surface of the elementary plot was 21 m?. Potato planting was carried out manually on spacing
of 70 cm and the distance between plants in a row of 33 cm, with the obtained density of
43300 plants per hectare. Overal agro-technology was conducted in a standard way for the
crop of potatoes. Harvest of potatoes was carried out after the complete maturation of potato
vine. The yield of potatoes in the trial was determined by measuring the tubers at each
elementary plot, and then the yield per hectare was cal cul ated.

Table 1. Chemical characteristics soil on experimental field

Depth  Locality pH CaCOs Humus Soluble mg/100 g
(Cm) Hzo nKCl % % P205 KQO
Niksic 6.57 5.97 1.75 3.05 9.3 17.3

40 Kolasin 6.29 5.55 1.1 4.53 2.4 16.0
Zabljak 5.91 4.85 2.05 7.32 6.2 235

Soils on which the trials have been conducted are characterized by good water-air properties
and high humus content. On the other hand, they are poor in phosphorus, low in calcium and
moderately supplied with potassium (Table 1). Meteorological data during the investigated
period are presented in Table 2. Statistical analysis was done using factorial analysis of
variance (ANOVA), and the score of differences between the mean values was performed
using LSD test.
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Table 2. Meteorological conditions during the experiment

Year Locality Month Average
May June July August September

Air temperature (°C)
Niksic 14 18.6 22 23.3 16.1 18.8
2010  Kolasin 11.6 15.9 18 18.3 12.6 15.3
Zabljak 9.2 14.1 16.0 17.1 10.7 134
Niksic¢ 15.6 185 21.8 22.8 18.1 194
2011  Kolasin 11.3 16.2 17.6 18 15.6 15.7
Zabljak 8.8 13.9 15.9 16.5 14.1 13.8
Amount of rainfall (mm) Total
Niksic 157 220 39 23 210 649
2010  Kolasin 202 103 34 12 117 468
Zabljak 163 93 35 20 82 393
Niksic¢ 135 56 40 29 140 400
2011  Kolasdin 148 72 70 40 101 431
Zabljak 162 43 76 53 113 447

Results of the study and discussion

The results in Table 3 show that the average potato yield in both years studied was under a
highly significant effect of genotype and production sites, and their interaction (variety x
location).

Variety Arnova had the highest yield of the two-year average (32.1 tha™), while the lowest
yield was measured at variety Arrow (22.9 tha'). Arnova, in comparison to al other varieties
(except Tresor in 2010), gave a significantly higher yield of tubers. The lowest yields were
measured in the variety crops Arrow, Rivieraand Artemis (22.9, 24.5, and 25.1 tha™").

As the agro-ecological conditions in the studied areas were very different, the reaction of
varieties to such conditions had been also different. In the mountainous region of Montenegro,
Zabljak, which is located at the highest atitude (1450 m), proved to be the most suitable site
for the production of early and medium early varieties of potatoes (30.8 tha), while the
lowest productivity of potato varieties studied was manifested in Niksi¢ (23.6 tha™). Statistical
data analysis showed a significant increase in yield in Zabljak compared to other sites (with
the exception of NikSi¢ in 2010.).

Statistically significant differences in the average yield of potatoes were created by the
influence of the interaction variety x location. Arnova x Zabljak, in 2010. (27.7) and
interaction Almera (46.1 tha®) and Arnova (45.6 tha®) x Zabljak, in 2011. have caused a
significant increase in yield of potatoesin comparison to all other interactions.

The lowest yields in both years studied were realized under the influence of interaction Arrow
x Niksi¢, 19.0, i.e. 20.8 tha™. Such emphasized effect of the site on potato yield is in
accordance with the results of earlier studies (Jovovic et al, 2012; Hassanpanah, 2011).
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Comparing the studied years shows that higher potato yields were achieved in 2011. (31.1
tha-1) as a result of better distribution of rainfall in the growing season, but excessive
amounts

Table 3. Average yield of potato (tha™)

Lokal. Year Variety (A) Average
(B) Riviera Monaco Arrow Artemis Tresor Almera Arnova
2010. 24.1 22.7 19.0 229 24.1 215 23.0 22.5
Niksié 2011. 26.1 23.6 20.8 22.7 24.9 22.0 33.0 24.7
Aver. 25.1 23.2 19.9 22.8 24.5 21.8 28.0 23.6
2010. 22.8 22.2 19.9 20.1 24.2 19.6 23.3 21.7
Kolasin 2011. 21.7 30.9 26.2 30.3 317 30.8 40.4 30.3
Aver. 22.3 26.6 23.1 25.2 28.0 25.2 319 26.0
2010. 21.3 25.2 20.6 215 24.5 20.7 27.7 23.1
Zabljak 2011. 29.4 41.6 30.7 347 40.7 46.1 45.6 38.4
Aver. 25.4 33.4 25.7 28.1 32.6 33.4 36.7 30.7
2010. 23.2 22.4 19.8 21.0 24.3 20.6 24.6 22.3
Average 2011. 25.7 32.0 25.9 29.2 324 33.0 39.6 311
Aver. 24.5 27.2 22.9 25.1 28.4 26.8 32.1 26.7
2010. 22.5
Niksié 2011. 24.7
Aver. 23.6
2010. 21.7
Kolasin 2011. 30.3
Aver. 26.0
2010. 23.1
Zabljak 2011. 38.4
Aver. 30.8
2010. 2011.
L&j A* * B* * AXB* * A* * B* * AXB* *

0.05 0.939 0.615 1.627 1.687 1.104 2.922
001 1.249 0.817 2.162 2.242 1.468 3.884

Comparation the studied years shows that higher potato yields were achieved in 2011. (31.1
tha') as a result of better distribution of rainfall in the growing season, but the excessive
amount of rainfall in May in 2010., with severe drought in the coming months (22.3 tha-1).
Phenotypic variability of the main components of yield is primarily determined by the
differences between the genotypes of tested varieties, while the variation of their derivatives
(tuber number and yield per plant) is highly dependent on the interaction of genotype with
environmental factors (Nacheva, 2006). To ensure high and stable production, which means
the maximum utilization of genetic potential, it is necessary to have as much information as
possible about the different effects of interaction of the genotype x environment.

Conclusion

Based on the results of two-year study of seven Dutch potato varieties at three different sites
in the mountain region of Montenegro, it can be concluded:

Arnova had the highest yield in the two-year average (32.1 thal), while the lowest yield was
measured in the case of variety Arrow (22.9 tha'). Arnova, in comparison to al other
varieties (except from Tresor in 2010.), had a significantly higher yield of tubers.

Zabljak proved to be the most favorable site for the production of early and medium early
varieties of potatoes (30.8 tha™), while the varieties studied showed the lowest productivity in
Niksi¢ (23.6 tha™).
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Statistically very significant differences in the average yield of potatoes were created by the
influenced of variety x location interaction. Interactions Arnova x Zabljak, in 2010. (27.7 tha”
1) and Almera (46.1 tha*) and Arnova (45.6 tha™) x Zabljak, in 2011 gave significantly higher
average yields of tubersin comparison to all other interactions.

The lowest yields in both years studied were achieved under the influence of interaction
Arrow x Niksi¢ (19.0 and 20.8 tha™).
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Abstract

This study was performed with the aim to determine general (GCA) and specific combining
abilities (SCA) of ZP maize inbred lines by the application of the inbred x tester analysis.
Furthermore, the proportion of additive and non-additive (dominance and epistass) genetic
variance in the formation of maize grain yield was established. Results obtained on GCA and
SCA pointed out to weak variation, provided that only the tester Z2 showed significant values
of GCA (1.30**), due to which its use in maize selection was proposed, while there were no
significant values of SCA. The GCA/SCA ratio, which is less than unity in both locations,
showed a greater proportion of non-additive variance in the yield formation in both locations.
The highest contribution in expression of grain yield in the locations of Zemun Polje and
Skolsko dobro went to testers (68.84%) and interactions (lines x testers) (46.81%),
respectively.

Key words: maize, combining abilities, inbred x tester analysis
Introduction

Maize grain yield is a complex trait and the most important aim of breeders is to developed
varieties and hybrids of high genetic potential and yielding. Maize, as an agricultural species,
has become very important with the discovery of the phenomenon of heterosis, as a basis of
modern breeding. Heterosis represents hybrid vigour of F; generation derived from crosses of
distant maize inbred lines (Shull, 1909). A further step in modern breeding has been made by
the discovery and defying of general and specific combining abilities (Sprague and Tatum,
1942). General combining ability (GCA) is an average performance of an individua in a
particular series of crosses, while specific combining ability (SCA) is a performance of a
parent X in a cross to a parent Y, where the average value of this combination can deviate
from the average value of general combining abilities of these parents in comparison to some
other parents (Borojevic, 1981).

The estimation of combining abilities of maize inbred lines contributes to revealing of genetic
backgrounds of unknown and/or insufficiently studied genotypes. Obtained data can be used
in the development of new hybrids. Observed genotypes with higher values of combining
abilities, can result in improved hybrids when they are crossed to other materials from the
mai ze germplasm collection.

Material and methods

Five inbred lines (A1, A2, A3, A4, A5) and three testers (Z1, Z2, Z3) from the collection of

the Maize Research Institute, Zemun Polje, as well as, their 15 hybrids were used in the
present study. Female components, five inbred lines, were of the BSSS background, while
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testers originated from the Lancaster background. Crosses (hybrids) for the tria were
performed in 2009. The two-replicate trial was set up according to the randomised block
design (RCBD) in two locations during 2010. Two rows for each genotype were sown, hence
there were 20 plants per row and the density amounted to 67,000 plants ha. The row distance
was 0.75 m. The row length was 4 m, while the elementary plot size amounted to 6 m? (1.5 m
X 4.0 m). Identical cropping practices were applied in both locations. Yield ha' in t was
cdculated a 14% moisture.

Combining abilities were estimated by the inbred x tester analysis suggested by Kempthorne
(1957), and applied by Singh and Chaundhary (1976). This analysis was performed in the
Excel programme.

Results and discussion

Results on the initial analysis of variance showed dtatistically highly significant
(P=0.01)differences for genotypes (treatments) (data not shown). The sum of squares of
genotypes (treatments) further partitioned to sum of squares of parents (inbred lines and
testers), parents vs. crosses, crosses, inbred lines (female component), testers (male
components) and finally inbred lines x testers. Obtained results showed statisticaly
significant (P=0.05) differences for parents (inbred lines and testers) and testers (location of
Skolsko dobro) and statistically very significant (P=0.01) differences for crosses and testers
(location of Zemun Polje). Statistically very significant difference was also observed (P=0.01)
for parents vs. crosses on both locations (data not shown).

Average grain yields of maize inbred lines and their GCA values pointed to weak variations
(Table 1). The best GCA ranking inbred line was A1 (location of Zemun Polje), but its value
was not significant. A highly significant difference was established for testers Z1 and Z2 by
the test of significance. Moreover, the tester Z2, i.e. Z1 (location of Zemun Polje) proved to
be the best, i.e. the poorest general combiner, respectively (Table 1). The tester Z2 was a so
the best general combiner in the location of Skolsko dobro, although its GCA value did not
exceed the level of significance.

Table 1. GCA valuesfor inbred lines and testers for grain yield

Genotype Zemun Polje Skolsko dobro

Mean GCA Mean GCA
Al 75 0.78 6.2 -0.25
A2 6.4 -0.38 6.0 0.53
A3 6.1 -0.12 6.6 -0.08
A4 6.1 -0.13 6.8 0.17
A5 51 -0.15 3.8 -0.37
Z1 5.2 -1.01* 3.8 0.30
Z2 7.4 1.30** 5.7 0.50
Z3 52 -0.30 55 -0.79
SE GCA inbreds - 0.3915 - 0.3915
SE(Gi-Gj) inbreds - 0.5536 - 0.5536
SE GCA testers - 0.3032 - 0.3032
SE (Gi-Gj)testers - 0.4288 - 0.4288
LSD inbreds 0.05 - 1.1482 - 1.1482
LSD inbreds 0.01 - 1.5607 - 1.5607
LSD testers 0.05 - 0.8894 - 0.8894
LSD testers 0.01 - 1.2089 - 1.2089

Two good general combiners do not necessarily give the best SCA result (Borojevi¢, 1981).
This statement was also confirmed by the SCA value of the hybrid A2 x Z1 (0.22) and A2 x
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Z3 (0.46) on location of Zemun Polje, hybrid A3 x Z3 0.34 on second location (Table 2),
where the combination of parents with negative GCA values resulted in a hybrid with positive
SCA values. The combination of a parent with negative and a parent with positive GCA
values, A1 x Z1 (1.06), A3 x Z2 (0.60) and A4 x Z2 (0.61) at Zemun Polje and the
combination of A1 x Z2 and A2 x Z3 at the location of Skolsko dobro resulted also in positive
SCA vaues. The values of SCA were the highest in these hybrids, although they did not
exceed the level of significance. The combinations of parents with positive and negative GCA
values resulting with positive SCA values are in accordance with results gained by Wali
(2010) and Zivanovié et al (2010). The potentiality of the cross from a high x low
combination is attributed to the interaction between dominant alleles from a good general
combiner and a recessive allele from a poor combiner (Senthil and Bharathi, 2009). By the
combination of parents with positive GCA values both parents gave a negative SCA value: Al
x Z2 at Zemun Polje and A2 x Z1 and A2 x Z2 at Skolsko dobro.

Table 2. SCA valuesfor hybrids for grain yield

Genotype Zemun Polje Skolsko dobro

Mean SCA Mean SCA
AlxZ1 119 1.06 11.6 -0.18
A2xZ1 9.9 0.22 119 -0.71
A3xZ1 9.5 -0.44 119 -0.05
Adx Z1 9.5 -0.43 12.3 0.10
A5xZ1 9.5 -041 125 0.84
AlxZ2 125 -0.70 13.1 112
A2xZ2 11.3 -0.69 12.3 -0.46
A3 xZ2 12.8 0.60 119 -0.30
A4 xZ2 12.8 0.61 125 0.10
A5xZ2 124 0.18 114 -0.46
AlxZ3 11.2 -0.35 9.7 -0.94
A2xZ3 10.9 0.46 12.6 1.18
A3xZ3 10.5 -0.15 11.2 0.34
A4 xZ3 104 -0.19 10.9 -0.21
A5xZ3 10.9 0.23 10.2 -0.37
SE SCA - 0.6185 - 0.6781
SE (Sij-SKj) ; 0.8746 ; 0.9589
LSD 0.05 - 1.8140 - 1.9888
LSD 0.01 - 2.4656 - 2.7032

The proportion of non-additive variance in the yield prevailed in this study, which is
observable from Table 3 (GCA/SCA ratio is less then unity). These results are in accordance
with Shams (2010) and Wali (2010).

Table 3. Components of genetic variance for grain yield

Zemun Polje Skolsko dobro

Additive variance

Va(F=1) 0.2049 0.0328
GCA variance 0.1024 0.0164
Dominant variance

Vd(F=1) 0.1043 0.2408
SCA variance 0.1043 0.2408
GCA/SCA 0.9820 0.0681
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The highest proportiona contribution to grain yield at Zemun Polje goes to testers, while the
proportional contribution of inbred x tester interaction was predominant at Skolsko dobro
(Table 4).

Table 4. The proportional contribution of inbreds, testers and their interactionsin expression of grain

yield (%)
Average contribution of Zemun Polje% Skolsko dobro%
Inbreds 12.10 12.93
Testers 68.84 40.26
Inbred x testersinteraction 19.15 46.81
Conclusion

Results obtained on GCA and SCA showed weak variations, provided that only the tester Z2
showed significant GCA values (1.30**); crosses to this tester had the highest results and it
was suggested for further use in maize selection; on the other hand, there was no combination
with inbreds lines that had a significant SCA value. Female components showed weak
variations, which was an indicator of huge genetic closeness of the initial material. The
GCA/SCA ratio pointed out to a greater proportion of non-additive variance in the grain yield
formation in both locations. The highest contribution in the grain yield formation at the
location of Zemun Polje was observed in testers (68.84%), while the corresponding
contribution in the location of Skolsko dobro was observed in the inbred x tester interaction
(46.81%).
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Abstract

In the present study the dry matter yield, cell wall contents and in vitro digestibility of the
whole plant of different ZP maize hybrids and their parental inbred lines were observed.
Obtained results showed that the dry matter yield of the whole plant and yield of digestible
dry matter of the whole plant of the observed inbred lines varied from 9.0 to 14.7tha® and
from 5.3 to 8.1tha, respectively. However, the dry matter yield of the whole plant and yield
of digestible dry matter of the whole plant of the observed ZP hybrids varied from 22.1 to
26.2tha* and from 14.1 to 15.5tha™, respectively. The contents of lignocel ulose fibres such as
NDF, ADF, hemicelullose and cellulose in the whole maize plant of the observed inbred lines
were higher in comparison to the tested ZP hybrids. Only ADL contents in the whole maize
plant of the observed inbred lines and hybrids were in withinthe same range, i.e. 1.8-3.1%.
The dry matter digestibility of the whole maize inbred lines and hybrids plants variedfrom
51.61% to 61.09% and from 57.22 to 63.81%, respectively.The difference in the digestibility
of the dry matter of the whole plant amounted to 6.6%, i.e. 9.5% in hybrids, i.e. inbred lines,
respectively. The differences in the contents of lignocellulose fractions affected the
differencesin digestibility of thedry matter.

Key words: Maizeinbred lines and hybrids, yield, lignocelullose fibres, digestibility

I ntroduction

Maizeis one of themost important forageplants. In order to define the quality parameters of
maize biomass it is necessary to study the structure of cell walls of the whole plant. It has
beenproven that there have beensignificant changes in the content of lignocdlulose fibresin the
whole maize hybrid plant, which considerably affected the digestibility of the dry matter and
therefore the yield of digestible dry matter as well (Deinum et al., 1981; Coors, 1996; Kim et
a., 1999; Frey et al., 2004). Research has revealed that plant genetics couldaffect the quality
and digestibility of the whole plant maize silage (Jung, 1997).Previously published our results
point out to a great importance and necessity of the characterisation of the released maize
hybrids and their inbreds for both, the determination of purposes of certain hybrids and the
development of new high yield potential hybrids for silage (Peji¢, 1994, Terzi¢, 2006; Terzic¢
et al., 2010 and TerziC et al., 2012). The objective of this study was to determine the dry
matter yield, lignocdlulose fibres contents and in vitro digestibility of the whole plant of
newZP maize hybrids and their parental inbred lines.

Material and methods

Seven ZP maize hybrids of the FAO maturity groups 600-800 (ZP623, ZP735, ZP749, ZP789,
ZP 802, ZP 812 and ZP 873) and nine maize inbred lines were used in this study. Three tested
inbred lines (L2, L3 and L4) originate from the USA. They are public inbred lines from lowa
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State University derived from the BSSS synthetic population. Reminding six local inbred
lines (L1, L5, L6, L7, L8 and L9) were developed at the Maize Research Institute (MRI) by
the pedigree selection method. All nine maize inbred lines are parental components of tested
ZP hybrids. Good combining ability for the yield of both, grain and biomass (silage) was
estimated in the studied inbred lines.

The two-replicate trail was set up according to the randomised complete-block design in the
experimentd field of the MRI. The experimental plot size amounted to 21m?, while thesowing
density was 60,000 plants ha’. Plants of each replicate were harvested atthe full waxy maturity
stage from the area of 7m? (two inner rows), and yields of fresh biomass of the whole plants,
plants without ears and ears were estimated. Five average plants per replicate were selected
for further tests. Samples of the whole plants were cut and dried at 60°C for 48h. In order to
determine the content of the dry matter the whole plant samples were ground in the 1-mm
mesh mill. Then, the analysis of the absolute dry matter was done on the oven dry basis
(105°C for 12 h) in order to estimate the total dry matter. Moreover, the analysis of the content
of forage fibres (NDF - neutral detergent fibres, ADF - acid detergent fibres, ADL - acid
detergent lignin, hemicdluloses and cellulose) was performed by the modified Van Soest
detergent method (Van Soest, 1963). The method was modified by Mertens(1992). In vitro
digestibility of the whole maize plant was done by the Aufréré method (Aufréré,2006). This
method is based on the hydrolysis of proteins of the whole plant in the pepsin acid solution
(Merck 2000 FIP u/g Art 7190) at 40°C for 24 h, and then on the hydrolysis of carbohydrates
in the cellulase solution (cellulase Onozuka R10) in duration of 24 h.

Data reported for quality parameters of ZP hybrids and their parental inbred lines biomass
were assessed by the analysis of variance (ANOVA) and the LSD multiple test was used for
any significant differences at the P<0.05 level between the means. All the analyses were
conducted using statistical software package STATISTICA 8.1. (StatSoft Inc. USA).

Results and discussion

The datain Table 1 show that the dry matter yield of the whole plant and yield of digestible
dry matter of the whole plant of the observed maize inbred lines varied from 9.0 (L9) to
14.7tha* (L3) and from 5.3 (L9) to 8.1tha™ (L3), respectively. Differences in digestibledry
matteryieldswerenot statisticallysignificant amongthe inbred linesL1, L2, L3, L4andL7, and
among thelinesL5, L6, L8andL9, aswell. The inbred L3 had the highestyield of drymatter and
theyieldof digestibledry matter perhectare, while the inbred L9 had the lowest yield of
drymatter and digestibledry matter perhectare. The whole plant dry matter content of tested
inbred lines ranged from 28.09 (L 8) to 36.71% (L 2).

Table 1. Yield of whole plant dry matter and digestible dry matter of Maize Inbred Lines
Inbred line Dry matter Whole plant dry matter  Yield of digestible dry matter

content (%) yield (tha?) of whole plant (tha™)
L1 32.44 12.1° 7.4
L2 36.71 13.1° 7.6
L3 28.80 14.7% 8.1°
L4 31.66 13.6° 7.6
L5 31.26 10.1% 5.7°
L6 33.22 9.6% 5.8
L7 33.13 12.9% 7.7
L8 28.09 10.7° 5.5°
L9 31.06 9.0f 5.3
LSD 05 0.8 14

Means in the same column with different superscripts differ (p<0.05)
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The dry matter yield of the whole plant and theyield of digestible dry matter of the whole
plant of the observed ZP maize hybrids varied from 22.1 to 26.2tha” and from 14.1 to 15.5tha
! respectively (Tables 2). For all testedparameters of the yield structure there are nosignificant
differences among thehybrids(p <0.05). The hybridZP802had thehighestdry matter yield
ofwhole plant (26.2tha™), while thehybridZP812had thehighestyieldof digestibledry matter
(15.5tha™). The whole plant dry matter content of tested hybrids varied from 32.69 (ZP 735)
t0 42.47% (ZP 749).

Table 2. Yidd Structure of ZP Maize Hybrids

Dry matter yield (tha'l) Yield of digestible
. Dry matter

Hybrid Whole plant dry matter of

/ content (%) - Whole plant Withougear Ear Wh0|{3‘ plant (tha™)
ZP 623 36.82 25.2 11.5 13.7 14.4
ZP 735 32.69 26.0 14.0 12.0 15.4
ZP 749 42.47 23.2 11.2 12.0 14.8
ZP 789 36.02 22.1 9.8 12.3 14.1
ZP 802 37.10 26.2 13.0 13.2 15.0
ZP 812 38.74 25.2 12.1 13.1 155
ZP 873 37.53 23.0 10.9 12.1 14.1
L3SD g05 - - - -

Means in the same column with different superscripts differ (p<0.05)

The contents of NDF, ADF, ADL, hemicelluloses,cdlulose and digestibility of the whole maize
plant are presented in Tables 3 and 4. The results show that the NDF, ADF, ADL,
hemicelluloses, cellulose contents and digestibility of dry matter in the whole maize plant of
the observed different inbreds varied from 50.97 (L1) to 62.82% (L 8), 24.24 (L6) to 32.34%
(L8), 1.84 (L7) to 3.07% (L8), 26.44 (L1) to 32.40% (L5), 21.94 (L6) to 29.27% (L8) and
51.61 (L8) to 61.09% (L1), respectively. Amongthe tested inbreds, the inbred L8 had
thehighest NDF (62.82%), ADF(32.34%), ADL (3.07%) andcellulose(29.27%) and the lowest
dry matter digestibility (51.61%). However, theinbred L1, which had the highestdry matter
digestibility (61.09%) had thel owestNDF (50.97%) and hemicellul ose (26.44%) content of the
whole plant. The differencesin the dry matter digestibility among observed maize inbred
lineswere not significant betweenlL 4and L5andbetween L6andL7 as well.

Table 3. Whole Plant Lignocedlulose Fibres Content and Digestibility of Maize Inbred Lines

Inbred Content (%) Dry matter

line NDF ADF ADL Hemicellulose Cdlulose digestibility (%)
L1 50.97 24.54° 2.03% 26.44' 2251 61.09°
L2 55.98' 26.03° 1.91% 29.95% 24.12° 57.86°
L3 57.92° 28.50° 2.76® 29.42% 25.74% 54.78'
L4 50.12° 28.44° 3.06% 30.68° 25.38° 56.06°
L5 61.72° 29.32° 2.85% 32.40° 26.47° 56.09°
L6 52.54" 24.24° 2.30° 28.30° 21.94 60.27°
L7 53.56° 24.93° 1.84° 28.63% 23.09° 60.06°
L8 62.82° 32.34° 3.07° 30.48° 29.27° 51.61°
L9 56.67° 27.90° 2.33 28.77% 25.57° 58.50°
LSD oes  0.68 0.81 0.67 0.88 0.77 0.48

Means in the same column with different superscripts differ (p<0.05)

The results also show that the NDF, ADF, ADL, hemicelluloses, cellulose contents and
digestibility of dry matter in the whole maize plant of the observed different ZPmaize hybrids
varied from 47.87 (ZP 749) to 52.71% (ZP 623), 23.53 (ZP 789) to 27.49% (ZP 735), 1.84
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(ZP 873) to 2.99% (ZP 735), 22.14 (ZP 749) to 26.23% (ZP 873), 21.24 (ZP 789) to 24.50%
(ZP 735) and 57.22 (ZP 623) to 63.81% (ZP 749), respectively. Amongthe testedhybrids,
hybrid ZP749had the highest dry matterdigestibility of the whole plant(63.81%) and the
lowestNDF (47.87%) and hemicellulose(22.14%). Thelowest digestibility (57.22%) and the
highestcontents of NDF (52.71%) were found for ZP623 maize hybrid. The differencesin the
dry matter digestibility among observed ZP maize hybrids were not significant between the
ZP 623and ZP 802,ZP 749andZP 789 and a so between ZP 812 and ZP 873.

Table 4. Whole Plant Lignocelulose Fibres Content and Digestibility of ZP Maize Hybrids

Hvbrid Content (%) Dry matter
y NDF ADF ADL Hemicelulose Celulose  digestibility (%)

ZP 623 52.71% 26.60™ 2.33 26.11% 24.27% 57.22¢

ZP 735 49.95° 27.49° 2.99 22.46° 24.50° 59.29°

ZP 749 47.87° 25.73% 2.49 22.14° 23.24° 63.81°

ZP 789 48.29° 23.53° 2.29 24.76" 21.24¢ 63.71°

ZP 802 49.63° 25.48" 2.07 24.15" 23.41° 57.34¢

ZP 812 48.37° 24.37™ 2.16 24.00° 22.21° 61.39°

ZP 873 50.99 24.76™ 1.84 26.23% 22.92° 61.51°
LSD o05 0.79 1.83 - 0.83 0.59 0.67

Means in the same column with different superscripts differ (p<0.05)

The correlation dependence between the whole plant digestibility and lignocellulose fibres of ZP
mai ze hybrids and their parental inbred lines are presented in Tables 5 and 6.

A very significant negative correlation was determined between the digestibility the whole
maize inbred plants and NDF, ADF, ADL, hemicelluloses and cellulose content (r=-0.92, r=-
0.94, r=-0.77, r=-0.68, r=-0.93). Furthermore, a highlysignificantcorrel ationbetweenNDF and
ADF, ADL, hemicelluloses and cellulose (r=0.95, r=0.77, r=0.87, r=0.94) and between ADF
and ADL, hemicelluloses and the cellulose content (r=0.80, r=0.68, r=0.99) of the whole
maize inbred plants and a significantcorrelation betweenthe content of ADL and the
hemicellulose content (r=0.56) were established. A very significant correlation was
determined between the contents of ADL and the cellulose (r=0.74) and between contents of
hemicelluloses and cellulose of the whole maize inbred plants(r=0.66).

Table5. Corredation Dependence between Whole Plant Digestibility and Lignocellulose Fibres of
Maize Inbred Lines

NDF ADF ADL Hemicellulose Cdlulose
Digestibility -0.92** -0.94** -0.77** -0.68** -0.93**
NDF 0.95** 0.77** 0.87** 0.94**
ADF 0.80** 0.68** 0.99**
ADL 0.56* 0.74**
Hemicdlulose 0.66**

* and ** - significance at 0.05 and 0.01 probability levels, respectively.

A very significant negative correlation was determined between the digestibility and NDF and
the cellulose content (r=-0.70, r=-0.67) and a significant negative correlation between the
hemicelluloses content and ADF (r=-0.55). A highlysignificantcorrel ationbetweenNDF and
hemicelluloses (r=0.66) and between ADF and the cellulose content (r=0.76) of the whole
maize hybrid plants and a significantcorrelation betweenthe content of NDF and the cellulose
content (r=0.61) were established. The results gained in this study are in agreement with ones
previously published (De Boever et al., 1997, Terzi¢, 2006, Terzi¢ et al., 2010 and 2012).
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Table 6. Corredation Dependence between Whole Plant Digestibility and Lignocellulose Fibres of ZP
Maize Hybrids

NDF ADF ADL Hemicdlulose  Cellulose
Digestibility -0.70** -0.35 -0.33 -0.27 -0.67**
NDF 0.17 0.47 0.66** 0.61*
ADF 0.29 -0.55* 0.76**
ADL 0.23 0.28
Hemicdlulose -0.16

* and ** - significance at 0.05 and 0.01 probability levels, respectively.
Conclusion

The inbred L3 had the highestyield of drymatter (14.7tha®) and theyieldof digestibledry
matter (8.1tha’), while the inbred L9 had the lowest yield of drymatter (9.0tha')and
digestibledry matter (5.3tha). The hybridZP802had thehighestdry matter yield of the whole
plant (26.2tha*),while thehybridZP812had thehighestyieldof digestibledry matter (15.5tha™).
Amongthe tested inbreds, the inbred L8 had thehighest NDF (62.82%), ADF(32.34%), ADL
(3.07%) andcellulose(29.27%) and the lowest dry matter digestibility (51.61%). Theinbred
L1, which had the highestdry matter digestibility (61.09%) had thelowestNDF (50.97%) and
hemicellulose (26.44%) content of the whole plant. The differencesin the dry matter
digestibility among observed maize inbred lineswere not significant betweenlL4and
L5andbetween L6andL7 as well. The hybrid ZP749had the highest dry matterdigestibility of
the whole plant(63.81%) and the lowestNDF (47.87%) and hemicellulose(22.14%). Thelowest
digestibility (57.22%) and the highestcontents of NDF (52.71%) were found for ZP623 maize
hybrid. The differencesin the dry matter digestibility among observed ZP maize hybrids were
not significant between the ZP 623and ZP 802,ZP 749andZP 789 and, aso, between ZP 812
and ZP 873.

A very significant negative correlation was determined between the digestibility of the whole
maize inbred plants and NDF, ADF, ADL, hemicelluloses and cellulose content (r=-0.92, r=-
0.94, r=-0.77, r=-0.68, r=-0.93). However, a very significant negative correlation for tested
whole maize hybrid plants was determined only between the digestibility and NDF and the
cellulose content (r=-0.70, r=-0.67).
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Abstract

During two-year period (2005 and 2007), the effects of different nitrogen rates (PKNso,
PKNego, PKN120 and PKN1gp) on the grain yield maize of different FAO maturity groups (ZP
434, ZP 578 and ZP 677) was examined. The research ws carried out by field micro
experiments in agroecological conditions of the central Sumadija (Raca Kragujevacka) on
eutric cambisol. Experiments were conducted using split plot design wih four repetition .

The results show significant differences in grain yield of maize between the examined
nitrogen rates and hybrids in the years of research. In the year with favorable weather
conditions (2005) during the vegetative period, the increased nitrogen nutrition had a stronger
effect on grain yield, compared to 2007, when there were adverse weather conditions.

Keywor ds:nitrogen, hybrid, maize, grain yield.
Introduction

In Serbia, maize is amajor crop, necessary for domestic use and a strategic export product as
well. It is grown on an area of 1.17 to 1.27 million hectares; with a total annual production
varying from 3.9 (in 2007) to 7.2 (in 2010) million tones and an average grain yield from 3.25
to 5.89 t ha (Republic Institute for Satistics, Republic of Serbia, 2011). Considering maize
production in Serbia is very important, specia attention should be paid to its further
devel opment.

Improvement of maize production involves problem solving, especialy in the field of
cropping practices. In this context, nitrogen nutrition and hybrid selection have an important
place. Due to rising prices and current costs of applying nitrogen fertilizers, the fertilizing
system should be revised, in particular the amount of active ingredient per hectare. Moreover,
the importance of this issue should be aso taken into consideration from the aspect of
environmental control.

On the other hand, nitrogen nutrition and hybrid selection must be examined and studied
according to climatic conditions of a region (thermal conditions, precipitationamount, and
distribution), soil type, etc. Regardless of regional character of such studies, they are fully
justified even though there is a lot of information related to this issue (Binder et al., 2000;
BlaZi¢, 2006; Dinnes et al., 2002; Hojka, 2004; Latkovi¢, 2010; Matei et al., 2009; Zivanovi¢
et al., 2007).

The objective of this study was to determine an optima nitrogen rate for the examined
hybrids, choosing the top-yielding ones for the agro ecological conditions of central Sumadija
and eutric cambisol.
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M aterials and methods

The research of the effect of nitrogen rates on the grain yield of maize hybrids with different
length of vegetation period was carried out in the vicinity of Rafa Kragujevacka (village of
MiraSevac) in 2005 and 2007. The experiments were carried out on eutric
cambisol,characterized by the following important chemical properties. pH (KCl) - 5.58;
humus content - 2.73%, total nitrogen content - 0.16%; P,0s - 4.30 mg per 100 g of soil and
K20 - 18.90 mg per 100 g soil. pH was determined by a pHmeter with a glass electrode,
humus content by the Kotzman method, total nitrogen content by the Kjeldahl method while
the content of P,0s and K,O were determined by the AL method (Egner-Rhiem). The field
micro trial was set up using a split-plot design with four repetitions. The main plot and a
subplot surface were 201.6 m? and 16.8 m? (6.0 m x 2.8 m), respectively. The surface of the
plot for billing grain yield was 8.4 m.

Two important elements for maize production were studied in this research, in the following
variants:

Nitrogen rates (A) PooK6oN39 kg ha'l (phon); PaoK6oNeo kg ha'l; PooKeoN120 kg ha'l;
PooK eoN1g0 kg ha™;

Hybrids (B): ZPSC 434 (FAO 400), ZPSC 578 (FAO 500) and ZPSC 677 (FAO 600)

Standard cropping practices were applied. The harvest was carried out manually in the late
September or early October depending on the year. Water content of maize hybrids had been
determined by drying in an oven at 105°C before the yield of dry grains (with 14% water) per
hectare was calculated. The data were analyzed and tested using the analysis of variance and
the LSD test.

M eteorological conditions

Table 1. Average monthly temperatures and precipitation for maize in the 2005 and 2007 growing
seasons (Raca, Mirasevic)

Meteorological Year Month Average
factor v V \ Vil VIl IX
Temperature 2005 12,1 16,5 19,1 22,0 20,5 18,1 18,1
(°c) 2007 12,8 18,3 22,5 24,1 23,4 16,3 19,6
Precipitation 2005 69,0 71,0 52,0 86,0 1180 1120 508,0
(mm) 2007 3,0 119,0 26,0 11,0 83,0 52,0 294,0

Monthly air temperatures and precipitation for the 2005 and 2007 growing seasons are
presented in Table 1.The weather conditions for maize production in these two years were
very different. The average temperature in 2007 was higher by 1.5° C and theamount of
precipitation lower by 214.0 mm compared to the 2005 growing season. This difference was
most pronounced in the summer months (June, July, August) when maize reacts strongly on
adverse environmental conditions.

Results and discussion

This paper studies the effect of nitrogen rates on the grain yield of maize hybrids with
different length of vegetation period. Table 2 shows that the average yield of dry maize grain
(with 14% water) achieved over the two-year research was 9.2 t ha’. Weather conditions
during the years of the research strongly affected the grain yields. Compared to 2005, when
there were optimal conditions for maize growth and development, in 2007 the grain yield was
lower by 41.6% due to dry weather.
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Table 2. Effect of nitrogen fertilization on the grain yield of maize hybrids (t ha™)
Nitrogen Year

fertilization (A)  HYPrid(B) 2005, 2007. Average Index (%)
ZP 434 9,68 6,38 8,03 100,0
PK Nfon ZP 578 10,73 6,57 8,65 107,7
ZP 677 10,32 6,79 8,56 106,6
Prosek 10,24 6,58 8,41 100,0
ZP 434 10,78 6,88 8,83 100,0
PKNgo ZP 578 11,14 6,99 9,07 102,7
ZP 677 11,83 7,22 9,53 107,9
Prosek 11,25 7,03 9,14 108,7
ZP 434 12,06 6,57 9,32 100,0
PKN 159 ZP 578 12,36 6,88 9,62 103,2
ZP 677 13,08 7,35 10,22 109,7
Prosek 12,50 6,93 9,72 115,6
ZP 434 12,45 6,15 9,30 100,0
PKN1gg ZP 578 12,60 6,59 9,60 103,2
ZP 677 12,62 7,20 9,91 106,6
Prosek 12,56 6,65 9,60 1141
ZP 434 11,24 6,50 8,87 100,0
Prosek hibrida ZP 578 11,71 6,76 9,24 104,2
ZP 677 11,96 7,14 9,55 107,7
The totalaverage 11,64 6,80 9,22 -
Index (%) 100,0 58,4 - -
LD 2005. godina 2007. godina
A B BxA AxB A B BxA AxB
0,05 0,52 0,44 0,87 0,88 0,61 0,33 0,66 0,81
0,01 0,74 0,59 1,18 1,21 0,88 0,45 0,90 1,14

The biennial average with increasing of nitrogen rates up to 120 kg ha* shows that grain yield
first increased, and then decreased. On average, this increase for the hybrids and years varied
from 8.7% (Ngo) to 15.6% (N120). Thereby, these results confirm some previous research
(Blagojevi¢ and Veskovi¢, 1985; Videnovic¢ et al., 2007), which showed that it was the
nitrogen rate of 120 kg ha™ that had the biggest effect on the grain yield of maize on eutric
cambisol in Sumadija (Blagojevi¢, 1985). When it comes to the nitrogen rates and years, on
average, the highest grain yield (9.55 t ha') was determined for ZP 677 hybrid. Then comes
ZP 578 hybrid (9.24 t ha), while the lowest grain yield (8.87 t ha') had ZP 434 hybrid. As
for the years, the effect of nitrogen fertilization on grain yield had a different character and
intensity.

Grain yield in the 2005 growing season: The average yield in this year was 11.64 t ha*. The
lowest yield was achieved by the phon (PgKeN3o) and amounted to 10.24 t ha'. With
increasing of nitrogen rates from 60, and 120 to 180 kg ha*, grain yield also increased by
1.01, 2.26, and 2.32 t ha™ All the differences in grain yield using different nitrogen rates are
statistically highly significant, except for the differences occurred with using 120 and 180 kg
N ha™. Lengthening of vegetation period of the examined hybrids led to higher yields. The
highest grain yield was achieved by ZP 677 hybrid (11.96 t ha™), lower yield by ZP 578
(11.71 t ha?), and the lowest by ZP 434 hybrid (11.24 t ha). All the differences in grain
yields of maize hybrids were statistically significant and highly significant, except for the
differences between the grain yields of ZP 578 and ZP 677 hybrids.

Grain yield in the 2007 growing season: The average yield in this year was 6.80 t ha. The
lowest grain yield (6.58 t ha) was achieved by the phon, and the highest (7.03 t ha) by the
variant with 60 kg N ha™ The differences in grain yields achieved by using different nitrogen
rates are not statistically significant. The grain yield of ZP 677 hybrid was statistically
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significant and highly significant compared to the yield of ZP 578 and ZP 443 hybrids.
Between ZP 578 and ZP 434, there were no statistically significant differencesin grain yields.
A x B and B x A interactions had no statistically significant effect on grain yield of maize in
this year of research.

Conclusion

Based on the results of the two-year research on the effect of nitrogen rates on the grain yield
of maize hybrids of different FAO maturity groups from centra Sumadija, it can be
concluded that:

Grain yield mostly depended on weather conditions during the vegetation period. Compared
to the 2005 growing season that had favorable weather conditions, grain yield in the 2007
growing season was lower by 41.6% due to dry wesather.

When it comes to the hybrids and years, on average, the increased nitrogen rates of 60 and
120 kg ha™ resulted in an increase in grain yield by 8.7 to 15.6% compared to the phon
(PgoKeoNgo)Vari ant.

As for the nitrogen rates and years, on average, the hybrids with longer vegetation period (ZP
578 and ZP 677) had higher grain yields by 4.2 and 7.7% compared to the early vegetation
hybrid (ZP 434).
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Abstract

Maize has a various utilization and the main goal of maize breeding is to obtain new hybrids
that will outperform the existing hybrids with respect to a number of traits. Nine parent inbred
lines and their eight F1 single crosses were grown in RCBD at two location with two
replication during 2010 and 2011. In kernal sample protein, oil and starch content were
determined by NIRS. Heterosis for yield and grain quality traits was estimated as mid parent
(MPH) and better parent heterosis (BPH). The mid-parent heterosis for yield varied from
149,4% to 207,3%, averaged 173,6% in 2010, and from 139,2% to 190%, averaged 161,8% in
2011. The cross L6xL5 had the highest MPH for yield and the cross L1xL7 the higest BPH in
both years. Starch content expressed a positive MPH and BPH heterosis in both years whereas
oil content mainly expressed positive heterosis over the midparent. The values for MPH for
starch content of crosses varied from 0,85% to 2,5% (2010), and 0.78% to 2,98% (2011),
respectively. The cross L4xL2 had the higest MPH and BPH for starch in 2010 and the cross
L9XL6 in 2011. On the other hand positive MPH for oil content ranged from 4,0% to 19.6%
and 2,6% to 21,6% for 2010 and 2011, respectively. The F1 crosses expressed both positive
and negative heterotic effect for protein content in both years, varied from -8,1% to 5,1%
(2010) and -6,04% to 7,98% (2011), respectively. The cross L4xL2 had the higest positive
MPH for protein content for both years and positive BPH for 2010. Generdly, the cross
L1xL7 gave high positive heterotic value for oil and starch content, positive value for protein
content and high heterosis for yield.

Key words: maize, heterosis, protein, oil, starch
I ntroduction

Maize has a various utilization and the main goal of maize breeding is to obtain new hybrids
that will outperform the existing hybrids with respect to a number of traits. In working
towards this goal, particular attention is paid to grain yield as the most important agronomic
traits. Good results have been achieved in increasing maize yield through the successful
exploitation of heterosis. Maize has great potential for heterotic manifestation and its
exploitation. This could be the reason that number of hybrid varieties in maize is much higher
than any other varietals types i.e. open pollinated, double cross, synthetics or three way
crosses. Heterosis can be defined as the difference between the hybrid performance and the
mean vaue of the inbred parents, which is known as mid-parent heterosis. However, the
highest value of the best parent for a trait of interest, or high parent heterosis, is also used
mainly for self-pollinated crops where breeders are interested in finding a hybrid with better
performance than either of the parents (Lamkey and Edwards, 1999). Mid-parent heterosis
and beter-parent heterosis are important parameters as they provide information about the
presence of dominance and over dominance type of gene action in the expression of various
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traits. The degree of heterosis depends on the relative performance of inbred parents and the
corresponding hybrids.

Besides yield, the attention should be paid to the quality of kernel itself i.e. chemical
composition, mainly if we take into consideration one of the most important maize uses as
livestock feed. Also, the chemical constitution of the maize kernel not only defines its
nutritional

value but also the ability to be used in industries. Kernels quality depends on outward factors
influenced by the environment, management technology and genetic background (Fabrianac et
a., 2006, Harrelson et al., 2008, Idikut et a., 2009). Based on the results of Reynolds et a
(2005) the chemical composition of the grain of hybrids grown in the same location can vary
significantly. Differences between hybrids emphasize the importance of genetic background
and breeding as determinants of biochemical composition.

Material and methods

In this study a set of 8 hybrids of FAO maturity groups from 300 to 600 and their parental
inbred lines was used. Hybrid H1 (L1xL7) belonged to FAO maturity group 300, H2 (L4xL2)
belonged to FAO maturity group 400, H3 (L3xL7) and H4 (L9xL8) belonged to FAO
maturity group 500, H5 (L9%L6), H6 (L3%xL6), H7 (L3xL8) and H8 (L6XL5) belonged to
FAO maturity group 600. From parental inbred lines L2 and L9 were from independent source
germplasm, L1, L3 and L5 from BSSS heterotic group, and L4, L6, L7 and L8 from Lancaster
germplasm. An experiment set up as randomized block design with two replications at two
experimental fields of MRI, during 2010 and 2011. Four rows were planted for each
genotypes, with 20 plants per row, resulting in a plant density of 67000 plants per ha. The
identical cropping practices were applied for all genotypes in both locations during both years.
Yield of each plot was used for calculation of grain yield per hectare (tha') with 14%
moisture. The protein, oil and starch content were determined by near-infrared reflectance
spectroscopy NIR using Infratec 1241 grain analyzer (Foss Tecator, Sweden) and expressed in
a percentage of dry mater.

Heterosis was determined as follows:

Mid-parent heterosis (%) = ((F1- MP)/MP) x 100
Best-parent hetrosis (%) = ((F1- BP)/BP) x 100

Where

F1 =Mean of F1 hybrid for a specific trait

MP=Mean of the two parentsin a cross for a specific trait
BP= Mean of the best parent in across for a specific trait

Results and discussion

Hybrids yielded an overall mean of 12,1 tha™, with range from 10,60 t013,00 tha™ in 2010 and
range from 11,1 to 12,1 tha', with average mean 11,5 tha' in 2011 (Table 1). Generally, the
yield of hybrids and parental lines was lower in location 2 than location 1 in both years (data
not shown). The highest yielding hybrids in both years was H5 (L9xL6), 13,0 tha* and 12,1
tha™ respectively. Two hybrids, crosses between low x moderate yielding parental lines, had
the lowest yield in 2010 (L4xL2), and H1 (L1xL7) in 2011.

The cross L6xL5 had the highest MPH for yield and the cross L1xL7 the higest BPH in both
years. The mid-parent heterosis varied from 149,4% (L4xL2) to 207,3% (L6xL5), averaged
173,6% in 2010, and from 139,2% (L9xL6) to 190% (L6xL5), averaged 161,8% in 2011. The
best parent heterosis ranged from 122,2% (L9xL8) to 195,55 (L1xL7), averaged 148,5% in
2010, and from 100% (L9XL8) to 177,5% (L1XL7), averaged 132.65% in 2011. The various
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interactionsbetween alleles of theparental lines resulting in differentlevels of heterosis in
crosses. The hybrid with the highest yield, combination of two good yielding inbred lines, has
the low MPH and low BPH in both years.All hybrids, as crosses between inbred lines from
different heterotic group, has positive yield heterosis which is in agreement with another
investigators, who commonly assumed that the combination of lines of different heterotic
groups originates hybrids with higher chances of genetic expression of the target effects of
hybridization (Troyer, 1999; Tollenaar et a., 2004).

Table 1. Yield and heterotic effect for yield in maize hybrids

crosses Yield tha™ MPH% BPH%

2010 2011 2010 2011 2010 2011
LIxL7 11,8 11,1 203,1 184,6 195,5 177,5
L4xL2 10,6 11,2 149,4 163,5 140,9 148,0
L3xL7 12,0 11,3 165,1 151,1 135,5 117,3
L9xL8 12,2 11,4 168,5 150,5 122,2 100,0
LI9XL6 13,0 12,1 157,4 139,2 136,3 112,6
L3xL6 12,3 11,8 153,1 148,2 140,2 126,9
L3xL8 12,4 115 185,1 167,4 143,1 121,2
L6xL5 12,6 11,6 207,3 190,0 173,9 157,7

Maize as the other cereal crops is relatively poor in kernel protein content as usually varies
from 8.0 to 11.0% according to FAO reports. The values of protein content varied between 9,2
to 10,4% in 2010 and from 9,9 to 11,5 in 2011. The cross L4xL2 (high x low protein line),
had high protein content and the lowest grain yield, and cross L6xL5 (low x moderate protein
line) the lowest protein content and high yield, in both years. That is in accordance to
Prassana et al., (2001) who reported that the high yielding hybrids usually have lower protein
content. The F1 crosses expressed both positive and negative heterotic effect for grain protein
content, Table 2. The values for protein content in studied crosses showed positive heterosis
over mid-parents in two hybridsin 2010, and four hybridsin 2011. On the other hand, the four
crosses in our study showed negative heterosis below the best and mid-parents in both years.
Similar results for protein content in maize kernel and heterotic effects in different cross
combinations of maize hybrids have been reported by Lou et a. (2005) and Ikramullah et al
(2011). In some hybrids heterotic effect acts in the opposite sense to the desired, that there is
reduction of the grain protein content compared to parental lines. This shows the dominance
of the alleles for low protein content. In spite of the observed negative heterosis, different
combination with positive heterosis can be observed. This demonstrates the existence of
bidirectional dominance for protein content in the different loci, with prevalence of loci with
dominance for low protein content.

Table 2. Protein content and heterotic effect for protein content in maize hybrids

CrOSSES Protein content% M PH% BPH%

2010 2011 2010 2011 2010 2011
L1xL7 10,2 10,6 1,3 6.5 -1.9 49
L4xL2 10,4 11,3 5.1 5.12 5.1 -1.74
L3xL7 10,3 11,5 -1.9 7.98 -2.8 0
LO9xL8 9,3 10,2 -8.1 1.96 -9.7 0
LO9XL6 9,4 10,2 -3.78 -0.48 -5.52 -1.9
L3xL6 9,5 10,2 -5.9 -5.55 -10.3 -11.3
L3xL8 9,9 10,1 -5.26 -6.04 -6,6 -12.1
L6xL5 9,2 9,9 -6.5 -5.26 -8.9 -8.33
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The results on heterosis for oil content indicated existence of the positive MP heterosis in 6
hybrids with range varying from 2,68 to 21,6%. Negative mid-parent heterosis was expressed
in two hybrids only in 2010. Positive values for averaged mid parent heterosis revealed that
the alleles for high oil content were dominant. The highest positive MP heterosis was
expressed by a cross L3x L8 (19,6%) in 2010, as well as cross L4xL2 (21,6%) in 2011. The
estimates of positive better parent heterosis were observed in one hybrid in 2010 and 5
hybrids in 2011. The cross L3xL8, combination of low x high oil lines, that expressed high
mid-parent heterosis and positive better parent heterosis have also high oil content. At the
same time this hybrid has negative values for MPH and BPH for protein content in both years.
Meanwhile, hybrid L4xL2 (high x low il line) had positive MPH for oil and protein content.
The positive significant heterosis over better parent for oil content was also reported by
Mittelmann et al.(2006), and Oliveira et a. (2006). Dubey et al. (2009) found that the
heterosis over mid-parents and better parent was observed for seed oil content and grain yield
per plant. Kaushik et al. (2004) studied the protein and oil concentration in heterotic crosses of
maize and find out that from 72 crosses studied, 30 crosses exhibited heterosis for protein and
oil concentration.

Table 3. Oil content and heterotic effect for oil content in maize hybrids

IOSSES oil content% MPH% BPH%

2010 2011 2010 2011 2010 2011
LIxL7 4,15 4,65 10,1 19 -5,14 4,49
L4xL2 4.1 4.45 10,8 21.6 -5,23 11.95
L3xL7 4,35 3.95 16 1,28 -0,57 -11,2
L9xL8 40 50 -1,53 17,6 -9,55 13,6
L9xL6 3,85 41 -1.91 8,14 -4,8 0
L3xL6 3,6 3,85 0 11,59 -12,1 8,3
L3xL8 4,5 47 19,6 18,87 11 5,6
L6xL5 3,9 3,8 4,0 2,68 -4,9 -2,6

The highest starch content in 2010 had two crosses L4xL2 and L3xL6, and in 2011 cross
L9XL6, Table 4. The mid-parent heterosis varied from 0,85% (L9xL8) to 2,5% (L4xL2),
averaged 1,38% in 2010, and from 0,78% (L3xL7) to 2,98% (L9xL6), averaged 1,88% in
2011. That revealed that the genes with positive effect were dominant. The best parent
heterosis ranged from 0,28% (L9xL8) to 2,1% (L4xL2), averaged 0,99% in 2010, and from
0,71% (L4xL2) to 2,83% (L9xL6), averaged 1,39% in 2011. The presence of better parent
heterosis indicated that over dominance played important role in the expression of starch
content. The cross L4xL2, low x high starch lines, that had the highest starch content,
expressed also the highest midparent and better parent heterosis in 2010. The cross L9xL6
(high x moderate starch lines), that had the highest starch content also expressed the highest
MPH and BPH in 2011. The significant positive mid parent, better parent and standard
heterosis for starch content were reported by Devi and Pradhan (2004).
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Table 4. Starch content and heterotic effect for starch content in maize hybrids

IOSSES starch content% MPH% BPH%

2010 2011 2010 2011 2010 2011
LIxL7 70,45 71,3 1,29 2,51 0,78 1,56
L4xL2 71,5 70,7 25 2,1 2,1 0,71
L3xL7 71,3 70,9 1,42 0,78 0,84 0,56
L9xL8 70,6 70,9 0,85 0,99 0,28 0,85
L9xL6 71,2 72,5 1,06 2,98 0,99 2,83
L3xL6 71,5 72,2 1,27 2,41 1,13 24
L3xL8 71,2 71,3 1,49 1,42 0,70 1,13
L6xL5 71,3 72,3 1,13 1,83 1,13 1,12

Conclusion

The obtained results demonstrate that analyzed hybrids have values for protein, oil and starch
content that are typically for maize genotypes that were not specifically selected from those
traits.

Some of the hybrids expressed high heterosis for protein, oil and starch content along with
moderate yield potentials. The genetic background of parental lines affecting the grain
chemical composition of hybrids. The cross L1xL7 gave high positive heterotic value for oil
and starch content, positive value for protein content and high heterosis for yield. The highest
heterosis for protein content and the highest protein content, as well as high heterosis for oil
and starch content but low yield and heterosis for yield had the cross L4xL,2, with different
genetic backgroundthan othercrosses. On other hand, the highest yielding hybrid L9XL6 had
also the highest starch content and heterosis for starch content in 2011. Two hybrids, with
similar genetic background, had moderate yield and yield heterosis, high protein content and
negative heterosis for protein in 2010, moderate oil and starch content (L3xL7), and high
yield and yield heterosis, moderate protein content and negative MPH and BPH for protein
content, high oil content and heterosis for oil content, and moderate starch content (L3xL3),
respectively. The utilization of maize for nutritional products, and ethanol demands a re-
direction of breeding programs to modifying and increasing the kernel composition of starch,
protein, and oil.
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Abstract

To avoid negative effects of open pit mining development, mining activities should be
accompanied with biological recultivation of waste dumps and rehabilitation of degraded
areas in order to establish different vegetation and other ecosystems on newly created
deposols. The goal of this research isto identify possibilities for rye production in these areas,
having rye as a rotating crop. Some amelioration practices were applied before planting, such
as: lime treatments combined with different rates of mineral fertilizers (200 and 400 kg ha™* of
NPK) and treatments with no lime application with 200 and 400 kg ha* of NPK. Side
dressing was carried out in spring with 200 and 400 kg N ha™. After sampling, in order to
speed up the recultivation process, the biomass was mown, chopped and ploughed into the
surface layer of deposol. The rye yields ranged 2.30-2.59 tha* were obtained on ameliorated
deposol using pre-planting lime application combined with 200 and 400 kg ha® of NPK
mineral fertilizers and 400 kg N ha™ side dress. The treatments without pre-planting lime
application yielded 0.95-1.85 tha™. Considering economic efficiency, it is recommended to
use 200 kgha* of NPK and 200 kg N ha side dress.

Key words: Biological recultivation, degraded soil, yield, rye.
I ntroduction

The development of open pit mines as energy-industrial complexes has many negative effects
on environment, which obliges people to do integration planning, to revitalize and rehabilitate
degraded areas and use them in the post exploitation period. Recultivation and restructuring of
the furrow surface provide many opportunities (Drazi¢, 2011). To avoid negative effects of
open pit mining development, mining activities should be accompanied with biological
recultivation of waste dumps and rehabilitation of degraded areas in order to establish
different vegetation and other ecosystems on newly created deposols. Many research studies
have shown (Alen, 2000; HadZi¢ et al, 2001; Loncar, 2009; Mali¢ et al, 2009) it is possible to
establish new agricultural, forest, aguatic, meadow and other ecosystems in such degraded
areas. Bolinder et al (2002) pointed out that mineral resources are one of the main factors in
the development of a society. However, mining activities in open pit coa mines have many
potential effects on the quality of surface and underground water, soil, flora and fauna, etc.
Waste is disposed of in an external waste dump until the space for an inner waste dump is
provided in one particular open pit mine or in adjacent ones. Nowadays, the development of
mines is planned according to their exploitation rate. Unlike old, relatively small open pit
mines, today’s mines are built to provide optimal and continual ore exploitation, which means
they occupy vast land areas due to growing needs for fuels and the development of mining
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techniques and technologies (Resulovi¢ et al, 2008). The main goal of recultivation is not to
achieve the condition similar to a pre-exploitation one but to revalorize the soil, meet the
needs of local people and satisfy natural conditions. Biological recultivation includes a set of
biotechnological, agro-technical, ameliorative and other practices for restoring fertility to
damaged soils, disturbed ecosystems and landscapes (Spasic et al, 2005). Biological practises
are applied in the last phase of recultivation. To speed up the recultivation process, it is
necessary to apply large amounts of organic and mineral matter and therefore compensate for
the lack of nutritional elements, especially nitrogen and phosphorus (Drazi¢, 2011). The
selection of plants for recultivation depends on many factors. Some of them are soil
degradation level, and its pedological properties, climatic conditions, future use of land and
agro-ecological requirements of a plant species. When it comes to soil recultivation, ryeis a
widely used plant species because of its modest environmental requirements. Rye is
distinctive for modest water and land requirements and its tolerance to low
temperatures(Glamoclija et al, 2010). Thisis the reason why rye is grown within the program
of recultivation of open pit mines, which combined with new mining technologies provide
optimal ore exploitation with a minimum adverse impact on the environment. Rye can be used
in biological recultivation as a siderate (green fertilizer) and for grain production, using plant
residues for humification.

M aterials and methods

The research was conducted from 2009 to 2011 on the degraded soil (deposol) in the Stanari
coamine. A two-factorial trial was set up using randomized block design with four replicates.
The size of the plot was 20 m? (5 x 4 m). Agro-chemical parameters of soil fertility of deposol
were also analysed. The trials started with planting (during the first ten days of October)
grains of Oktavijarye variety, selected at the Agricultural Institute in Banja Luka. The factor
A included ameliorative practises applied on deposol before planting, such as: lime treatments
combined with different rates of mineral fertilizers (200 and 400 kg ha® of NPK) and
trestments with no lime application with 200 and 400 kg ha™ of NPK. Lime of 85-90% Ca
was applied. The factor B included 400 and 200 kg N ha* side dress (N4 andN2g)and control
(No)without applying side dress fertilizer. At the end of dormant period, single-pass side
dressing was applied with 400 and 200 kg N ha™. In the stage of technological maturity, grain
was manualy harvested and yield was measured with a method of counting the number of
grain per plant from a determined plot. After sampling, the biomass was mown, chopped and
ploughed into the surface layer of deposol. The data were analysed with the statistical package
STATISTICA 8 for Windows (StatSoft).

Results and discussion

The agrochemical analysis showed (Table 1) high acidity of the soil from the trial plot, pH in
nKCl 4.6.Veselinovi¢ (1995), Resulovi¢ et al (1999) and Mali¢ et al (2011) pointed out that
the acidity of deposols was higher in the Stanari than in Kolubara mining area, but lower than
in the Madanpek mining area. The soil had a very low percentage of organic matter and
humus and no nitrogen salts in the surface layer. For its content of easily available phosphorus
and potassium, it is classified in a category of very low availability. According to many
authors, most technogenic soils contain very few nutritive e ements (NPK) and organic matter
and therefore have weak biological activitiesin their surface and deeper levels (table 1).
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Table 1. Agro-chemical properties of soil fertility of deposols
pH Organic 0 0 Easily available forms
N,O KO matter (06 HUMus() N —5 5 100g  K,0 mg/i00g
58 46 1.6 0.01 0.0 0.38 1.94

Vaues

The results of average rye yields for the tested periods are shown in the Table 2 and Table 3.
Rye yields mostly depend on nitrogen rates and pre-planting ameliorative practises applied.

Table 2. Average rye yield in the vegetation period 2009/10 (tha'")
Yield compared to the yield with

Lime application + starter nitrogen side dressing applied
(factor A) (factor B) X (a)
Naoo N20o No
5 t/ha CaCO5+200 kgha® NPK 15:15:15 (NgoPsKs)  2.30 1.10 1.00 1.46
5 t/ha CaCO5+400 kgha* NPK 15:15:15 (NgoPsoKeo) ~ 2.39 1.05 0.50 131
200 kgha™ NPK 15:15:15 (NagPsoK 30) 1.35 1.60 0.60 1.18
400 kgha™ NPK 15:15:15 (NeoPsoK 60) 1.53 0.95 0.20 0.89
X @) 1.89 1.17 0.57 -
Basic factors: A B AB
Analysis of variance — F cacuiated 12.00** 11.86** 2.90**
LD 0.05 0.35 0.57 0.32
0.01 0.65 0.58 0.46

NO— control; NZOO— 200 kg N ha-1side dress; N400 400 kg N ha-1side dress

Applied nitrogen rates had a significant effect on the increase in rye grain yields. The lime
application affected the nitrogen side dressing both directly and indirectly, as well as the
change in pH, which has a very important role in many soil processes and crop nutrition.
Deposols are soils of very acid to medium acid reactions. To mitigate negative effects on an
ecosystem, the recultivation process should be speeded up. Thus Zhel ceva-Bogdanova (1995)
pointed out that use of mineral fertilizers and sideration are the best way for improving
chemical properties in the recultivation process.

Table 3. Average rye yield in the vegetation period2010/11 (tha™)
Yield compared to the yield with

Lime application + starter nitrogen side dressing applied X (a
(factor A) (factor B)
Naoo N2oo No
5 t/ha CaCO4+200 kgha™ NPK 15:15:15 (NaoPsKz0)  2.56 1.55 1.04 172
5 t/ha CaCO5+400 kgha NPK 15:15:15 (NgoPeoKeo)  2.59 1.25 0.63 1.49
200 kgha' NPK 15:15:15 (N3oPsoK 30) 1.85 1.60 0.75 1.40
400 kgha* NPK 15:15:15 (NgoPsoK 60) 1.83 1.01 0.35 1.06
X @) 2.20 1.35 0.69 -
Basic factors: A B AB

Analysis of variance — F cacuiated 12.40** 12.98** 3.24**

LD 0.05 0.49 0.77 0.44

0.01 0.83 1.78 0.66

NO— control; NZOO— 200 kg N ha-1side dress; N400 400 kg N ha-1side dress

The highest rye vield(2.30-2.59 tha') was achieved with pre-planting lime application
combined with mineral fertilizers of 200 and 400 kgha ™ of NPK and 400 kg N ha* side dress
in both years of research. There was a significant difference in rye grain yields between the
treatment with lime application and the ones without it. When it comes to the treatments in
which minera fertilizers were used without prior lime application, the yield ranged 0.95-1.85
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tha™. In both years the highest yield (1.85 tha ™) was achieved in the fertilization variant with
400 kg N ha?, and the lowest in the control. However, having in mind also economic
efficiency of using different rates of mineral fertilizers in treatments without lime application,
it is better to use 200 kgha* of NPK and 200 kg N ha* side dress.

The comparison of the rye yields showed that higher yields had been obtained in the second
year of the research, which makes sense because nitrogen fertilizers had afavourable effect on
increasing the content of mineral matter in soil and consequently on higher yields. According
to the results shown by Bolinder et al. (2002), ground biomass and roots of perennia
papilionaceaes significantly improve physical and chemical properties of degraded soils.
HadZi¢ et al (2001) and DraZi¢ (2011) found that using higher rates of organic matter and
mineral fertilizers (especialy nitrogen and potassium) had a favourable effect on recultivation
processes. Genetic potentials of this particular rye variety are much higher (Mandi¢ and
Burasinovi¢, 2009), thus even better results could be expected from quality recultivation of
deposols and using proper agro-technical practises.

Conclusion

Growing rye on technogenic soils gives good results, mostly because of its superiority,
resistance, adaptability, and productivity. Significant differencesin rye yields have been noted
between the treatments with lime application and treatments without it. Those differences
show statistical significance. The highest rye yields ranged 2.30-2.59 tha’ were obtained
during both years of research on ameliorated deposol using pre-planting lime application
combined with 200 and 400 kg ha™* of NPK mineral fertilizers and 400 kg N ha™ side dress.
The treatments without pre-planting lime application yielded 0.95-1.85 kgha*. Considering
economic efficiency, it is recommended to use 200 kgha' of NPK and 200 kg N ha™ side
dress. The process of deposol recultivation should be speeded up to diminish its negative
effects. One of the best methods to improve chemical properties in the recultivation process is
to use minera fertilizers. The organic matter in deposols in Stanari is till one of the biggest
issues, so future research should be focused on increasing organic matter in the surface layer
of deposols and forming a more favourabl e adsorption complex.
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Abstract

The impact of precipitation on forage yield, hay yield and water content in the green forage of
red clover (Trifolium pratense L.) was examined in field trials. The crop was grown for
combined forage and seed production. The experiment was established on aluvium soil in a
randomized block design. During period 2010-2012 four red clover cultivars (K-39, K-17,
Una, and Viola) were analyzed for first cut in their second year. Significant differences
between cultivars were observed for green forage yield, hay yield, and water content in the
green forage, regardless of precipitation in the production year. It was determined that the
green forage yield in 2010 was significantly higher compared to 2011 and 2012. year.
Thereby the hay yield had no significant difference concerning 2010 and 2011. year, while
significant reduction was reported in 2012. year. Green forage yield was positively correlated
with both hay yield and the water content of green forage.

Key words:red clover, forage yield, hay yield.
I ntroduction

In order to increase and intensify livestock production, the solution should be searched in
highly producive plant species, with good quality, which fit in the system of continuous
production of livestock feed (green forage conveyor) (Pejic et al., 2005). Together with efforts
to reduce energy consumption and environmenta pollution, intensify sustainable agricultural
systems and conserve biodiversityRochon et a. (2003) proposed increases in forage legume
acreage. Being nitrogen fixers, these plants are minimally treated with nitrogen fertilizers,
whose residues easily leach from the soil, causing contamination of ground waters, loca
streams and ponds (Janzen and McGinn, 1991). One such plant isred clover (Trifolium pratense
L.) which due to its high stable yields, varied use, relatively modest growing requirements and
good forage quality plays an important part in the production of protein-rich livestock feed.As a
perennial legume, red clover has a high ability to regenerate; therefore, depending on growing
conditions, it can produce up to even three cuttings per year. Under natural water supply
conditions, with adequate cultural practices used, green forage yields of up to 147.7 t ha* can be
achieved during the utilization period (mostly three years) (Vasiljevi¢ et al., 2010). Rochon et
al. (2003) point out the advantages of the legume green forage usage which reflect in high
protein content, high digestability and low level of tannins and flavonoids.However, green
forage yields of red clover vary widely depending on weather conditions, most notably the
amount and distribution of rainfall during the year. For these reasons, in order to obtain high and
stabile yields of red clover and utilize its genetic potential of cropping, the possibilities of its
production in different agroecological conditions must be known. Beside that, the red clover
seed production in the Republic of Serbiaisinsufficient to ensure the needs of the local market
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(Bara¢ et a., 2011). In the Republic of Serbia, the combined production of red clover for both
forage and seed has proved to be the most cost-effective production method (Lugi¢ et al., 1996),
with the first and second cuttings in the second year stand being used to produce forage and
seed, respectively (Duroni¢, 2010).This manner of production involves harvesting the first-cut
material at the stage of budding or at the beginning of flowering.

The objective of this study was to determine green forage yield, dry matter yield, water content
of green forage as well as their interdependence, in the combined forage-and-seed production of
red clover cultivarsin years with different rainfall amounts.

M aterials and methods

The experiment was established in 2009, 2010 and 201lin Cacak(43°54'39.06" N,
20°19'10.21" E, 246m as.l.), on dluvia soil, acid reaction (pH 4.8), which contains 3.18%
organic matter, 0% CaCOs, 22.08 mg P»0s, 30.0 mg K,O 100 g soil. Along with tillage, 300
kg ha® NisPisKis was incorporated into the soil. The experiment wasset up ina
completelyrandomized block design withfour replications, with a plot size of 5m?(5x1m). Red
clover cultivars, including K-17, K-39 (Institute of Forage Crops Krusevac), Una (Institute of
Field and Vegetable Crops Novi Sad) and Viola (a Polish cultivar) were planted at a 20cm row
spacing, at a rate of 18 kg seed ha®. Mechanical weed control was performed on two
occasions. The crop was grown without irrigation. The test cultivars werecutat the
sametime(budding phase), on May 13, 2010, May 14, 2011 and May 19, 2012.

The rainfall amount for the prevegetation period and the begining of vegetation before the
first cutting, November 2010 — May 2011, was 284.6 mm, and for the period November
2011 - May 2012, 286.5 mm, which is 174.7 mm and 172.8 mm less than the same period in
2009-2010. year, respectively.

Table 1.The amount anddistribution of rainfallby month(P) and mean monthly temperatures (T) for the
period 2009 — 2012.

Month I I Il VI \% VI VvIL VIIE Xl X X1 Xl Xia

P(mm) 50 32 425 125 43 984 410 3bB5 30 915 72 97 645.4

2009 TCC) 07 26 81 148 202 214 24 247 192 116 87 3.7 13.3083
2010 P(mm) 33 52 545 52 988 81 900 285 25 63 546 37 669.4
TCC) 09 30 79 133 179 213 235 237 173 10 103 18 12575
2011 P(mm) 22 29 31 155 955 47 305 95 42 21 25 29 374.5
TCC) 07 07 76 131 167 22 238 237 216 118 37 3 12.366
2012 P(mm) 60 70 10 47 68 38 22 0 - - - - -

T (°C) 18 25 68 122 173 241 266 254 - - - - -

First-cut green forage (GF) yield in the second year of cultivation was determined by measuring
the total weight of the plot immediately after cutting and recalculated to GF yield int ha. After
drying at 65 ° C, the measured sample (500q) was used to calculate hay yield (t ha®) and the
water content of the green forage.

The results were subjected to a single-factor analysis of variance (ANOVA) using the SPSS
4.5 software. Significant differences between mean values were tested by the LSD test. The
interdependence of green forage yield, hay yield and water content in the green forage was
evaluated by calculating the simple correlation coefficient.

Results and discussion

The highest yield of red clover green forage in combined forage and seed production was
reported in year of the highest amount of rainfall (2010) (Tab 2.). With the significant
reduction of rainfall amount during the prevegetation period and start of vegetation before the
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first cutting, it aso came to the significant reduction of green forage yield (2011 and 2012).
As a confirmation of this report Hanson (1991) observed a reduction in afalfa forage yield at
inadequate soil moisture.Bosnjak (1993) reported an average 56-61% increase in green forage
yield of afafain dry years under irrigated conditions, with the effect of irrigation early in the
season being somewhat more modest.

Table 2. Green forage yield (GFY) hay yield (HY) and water content of green forage (WGF) at the
time of cutting in red clover cultivarsin 2010-2012.

GFY (t ha') HY (t ha®) WGF (%)
2010 488a 719a 85.29 a
Y ear 2011 39.9b 7.62a 80.85b
2012 19.1¢ 4,07b 78.73¢
K-39 33.7hc 5.94b 81.31b
cutivar K 38.3ab 6.40b 82.44a
UNA 39.6a 7.18a 81.09b
VIOLA 32.2c 5.65b 81.65b
K-39 48.0 ab 6.91b 85.53a
2010 K-17 525a 758 ab 85.74 a
UNA 523a 8.00 ab 84.67 a
VIOLA 42.5 abc 6.27 bc 85.20 a
K-39 34.6¢ 7.01b 79.75 cd
011 K-17 40.5 be 7.00b 82.77b
UNA 46.3 ab 9.24a 79.95 cd
VIOLA 38.0 bc 7.22b 80.95¢
K-39 18.4d 3.92d 78.65d
2012 K-17 21.8d 4.62 cd 78.8d
UNA 20.2d 431d 78.65d
VIOLA 16.2d 3.45d 78.80d
Y ear (A) * * *
LSD Cultivar (B) * * *
AXB * * *

The values denoted with different small letters within columns are significantly different at (P<0.05) in accordance with the
LSD test
* - Ftest significant at p<0.05; ns - F test non-significant.

Cultivar Una, regardless of year and rainfall, had a significantly higher GF yield (39,6 t ha?) as
compared to cv. K-39 (33.7 t ha') and cv. Viola (32,2 t ha'). Cv. Viola also had lower green
forage yield as compared to cv. K-17. Vasiljevic et al. (2010) report differences in the first-cut
green forage yield of red clover in its second year, ranging from 22.4 t ha™ (Nike) to 40.0 t ha*
(Una).The same authors obtained significantly lower forage yields in foreign cultivars and
observed intense thinning in their stands until the end of the growing season in the second year,
as compared to domestic cultivars.According to Radovi¢ et al. (2004), red clover cultivars show
better performance under the agroecologica conditions in which they were selected. The same
authors highlight the advantage of local red clover cultivars over foreign cultivars due to their
better adaptation to the existing agroecological conditions. The interaction between year and
cultivar reveals that cv. Una had higher yield as compared to cv. K-39 only in 2011. It indicates
that cv. Unahad the most favourable reaction in soil moisture deficiency.

Regardless of the differences in green forage yield, the different rainfall amount between
years didn’t significantly affect hay yield in 2010 and 2011 at any of the cultivars, while
significant fall in hay yield was reported within all of the cultivarsin 2012. Thisis caused by
the fact that higher amount of rainfall influenced on a significant increase of water proportion
in the fodder at the time of cutting within al of the cultivars in 2010. Additionally, expressed
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lack of rainfall in the second part of vegetation period in 2011 and very low temperatures in
february 2012 affected on bad preparedness of the plants, which led to the significant yield
reduction in 2012. Cv. Unaalso had the highest hay yield, significantly higher as compared to
the other cultivars. That is subsequence of its somewhat higher hay yield during 2011
(significancy of year/cultivar interaction).

Significantly higher water content of the forage at the time of cutting was reported at cv. K-37
as compared to the others in 2011 (year/cultivar interaction). Concerning that al of the
cultivars were cut at the same time, this can be caused by slow growth of cultivar K-37.
Seguinetal. (2002) report that soil moisture deficiency induced changes in the dry matter
quality ofred clover, including an increasing content of acid detergent fiber (ADF) and neutral
detergent insoluble protein,but decreasing content of acid detergent lignin (ADL) and reduced
dry matter digestibility.

Table 3. Coefficients of correlation between green forage yield (GFY),
hay yield (HY) and water content of green forage (WGF)

HY WGF
GFY 0.91* 0.72*
HY 0.38*

* - Significant at p < 0.05

Green forage yield was positively correlated with hay yield (r=0.91), as well as with the water
content in the green forage (r=0.72) (Tab. 3.). Hay yield was also positively correlated with
water content in the green forage. According to Duncan and Woodmansee (1975), the
correlation between rainfall amounts and green forage yield of grasses and legumes was
significant at the stage of their intensive growth, which was accompanied with soil moisture
deficiency. BosSnjak et al. (1995) observed complete correlation (r = 0.99) between GF
yield and annual rainfall in afalfa

Conclusions

The highest green forage yield of red clover in combined production of fodder and seed was
reported in year with the highest rainfall (2010). With the significant reduction of rainfall
amount during the prevegetation period and start of vegetation till the first cutting (2011 and
2012), it also came to the significant reduction of green forage yield and water content in
green forage. Additionaly, expressed lack of rainfall during the second part of vegetation
period in 2011, and very low temperatures in 2012 affected on bad preparedness of the plants,
which led to the significant yield reduction in 2012.

Regardless on rainfall amount (years), there were significant differences between the cultivars
in green forage yield, hay yield and also in water proportion in green forage. The highest
green forage and hay yield obtained cv. Una, while the highest water content at the cutting
had cv. K-17. Thisis mainly consenquence of their deviation from the other cultivarsin 2011
which tells that cv. Una had acted more favourably on the conditions of lower rainfall. It
further indicates that their different reaction on the different levels of soil water supply should
be taken in consideration when choosing cultivars in certain agroecological conditions. Green
forage yield positively corelated with hay yield and also with water content in green forage.
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Abstract

The investigation was carried out on the experimental field of Small Grains Research Center,
Kragujevac. This paper presents the results of Kragujevac cultivars of spring barley (Jadran
and Dinarac) and spring varieties oats (Slavuj, Lovcen and Vranac). Grain yield, 1000 kernel
weight and test weightin grain two cultivars of barley and three cultivars of oats was
determined in athree-year field experiment.

Average grain yield of barley cultivars ranged from 1.925 t/ha to 5.667 t/ha, as well the oat
cultivars ranged from 2.140 t/hato 4.518 t/ha. Grain yield differed significantly between years
and the average of al cultivars was higher in 2009. compared to 2010. and 2011. Average
values of 1000 grain weight of barley cultivars varied in the range from 40.20 to 45.40 g, as
well of oat cultivars varied of 25.58 to 30.90 g. Based on obtained data from variance, it could
be concluded that there are very significant differences in grain yield regarding the year of
investigation, while among the investigated barley cultivars the differences were not
significant. Significant differences in 1000 grain weight at investigated oats cultivars were
found relative to the cultivar and very significant differences at yield and grain test weight
relative to environmental factors, respectively the year of investigation.

Key words:barley, grain yield, oat, 1000 grain weight
I ntroduction

Grain quality is a qualitative characteristic affected by genetic and environmental factors, as
well as their interactions, and therefore the cultivar in individua years can acts as a beer or
forage cultivar, what can be test determined and that way the grain can be direct for a
particular purpose.

Barley is is used as an important component of beer and malt production, important and
quality component in animal feeding, partialy in human nutrition as well as a component in
processing industry (Djekic et a., 2012.a). In pigs diet barley can be used without any
limitation as the only or primary source of energy. As atop-quality forage crop plant, barley is
used as fodder unit in meals balancing in animal feed (Djekic et a., 2010).

Creation of genotypes with high yield potential, expressed through the yield components in
appropriate environmental conditions, which in some of the new varieties successfully
combined with good technological quality and high tolerance to drought represent barley
production improvement (Malesevic et al., 2010). Agronomic cultivar value depends not only
on its genetic potential for yield, but aso on its ability to achieve genetic potential under
different conditions of production (Mladenovic et a., 2009). Yield islargely dependent on the
genetic potential, which could be defined as yield of variety which was grown in conditions
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on which it had been adapted, with adequately amounts of water and nutrients and efficient
control of pests, diseases, weeds and other stresses (Djekic et al., 2011). Yields considerably
vary primarily as aresult of agro-ecological conditions during the growing season (Djekic et
al., 2010).

Barley cultivars which were in production until the end of the eighties were characterized by
the lower yields, good technological quality and higher stem sensitive on lodging. Lower
resistance on lodging, these cultivars were grown at modest soils and therefore they had lower
yields due to. New varieties are characterized by good technological quality, better resistance
on lodging and diseases, shorter stem and more efficient assimilates usage (Przulj et a.,
2004). Madlting barley is expected to have 1000 grain weight of 40 and 46 g and test weight of
68 to 75 kg/hl (Paunovic et al., 2006).

The oat is very important small grains cereal by many aspects. Its seed and straw have specific
chemical quality. The seed is rich by qudlitative and soluble protein, oil and
vitamins.However, the oat is desirable as in rehabilitate diet however in childrenand older
one, too. The oat grain is used in food, cosmetic and other industries for getting so plenty
products (Nikolic et al., 2004). The most the widest oat using is in feeding, of course, addition
its grain and straw in feeding of horses, cows, hens contribute to getting more qualitative
animal origin products (Djekic et al., 2012.b).

The aim of this study was determination of the cultivars and ecological environmental which
influence on affect diffferences in stability and adaptability of cultivars regard the grain yield,
1000 grains weight and test weight of tested spring barley and oats cultivars, as well as
specificity cultivars exploring regard growing seasons conditions.

M aterials and methods
Materials and field trials

Two cultivars of spring barley (Jadran and Dinarac) and three cultivars of spring oat (Slavuj,
Lovéen i Vranac)were investigated cultivated in the Center for Small Grains in Kragujevac
during 2009, 2010 and 2011 growing seasons. Experiments have been conducted in
randomized block systems, with a plot size of 10 m? (2 m x 5 m) in two replicates. The usual
techniques for barley and oat production were applied, and it was done in the optimum sowing
time. 250 kg/ha of fertilizer NPK 15:15:15 was added in the fal on the investigated plots,
while during the spring fertilization, 250 kg/ha (KAN) was supplemented. The following
properties were analyzed: grain yield (t/ha), 1000 grain weight (g) and test weight (kg/hl).

On the basis of achieved research results the usud variationa datistica indicators were
caculated: average vaues, error of the mean (arithmetic) and standard deviation. Statistical
analysis was madein the module Anayst Program SAS/STAT (SAS Indtitute, 2000.).

Soil and weather conditions

Before the commencement of the experiment soil samples were taken from the sample surface
and the chemical analysis of soil was performed. Accordin to obtained results it was revealed
that the soil belongs to the smonitza type, with relatively high clay content, and unfavorable
physical properties. The humus content in the surface layer of soil was low (2.15-2.85%), and
a substitution and total hydrolytic acidity were quite high (pH H,0=5.35-6.20, KCI=4.25-
5.15). The soil was medium provided with total nitrogen (0,11-0,13% N) and easily accessible
potassium (11-15 mg/100 g soil K,0), while the available phosphorus content was low (under
10 mg/100 g of soil P,Os).
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Table 1.Middle monthly air temperature (°C) and precipitation amount (mm), Kragujevac

Interval Months
Il v V VI VIl VIl Average
Average Mean monthly air temperature (°C)
2009 6.8 13.4 17.8 20.2 225 22.3 17.17
2010 7.2 12.1 16.5 20.2 23.1 22.1 16.87
2011 7.2 12.0 15.8 20.9 22.8 22.9 16.93
1980-2004 6.1 11.6 16.7 19.8 22.2 21.1 16.25
Average The amount of rainfall (mm)
2009 40.3 16.8 46.0 137.8 25.2 56.2 322.3
2010 43.3 142.2 116.7 196.7 14.8 59.6 573.3
2011 20.4 20.8 65.8 323 62.4 27.1 228.8
1980-2004 56.3 67.8 51.8 68.3 59.6 94.2 398.0

The area of Kragujevac characterized by moderate continental climate, which general feature
is uneven distribution of rainfall by month. The datain Table 1 for the investigated period
(2009-2011) clearly indicate that the yearsin which the researches were conducted differed
from the typica multi-year average of Kragujevac region regard the meteorological
conditions. The average air temperature in 2009, 2010 and 2011 years, increase 0.92°C, 0.62°and
0.68°C, respectively inthe 2010 years more research to 175.3 mm and 75.7-169.2 mm lower
than the average of 2009 and 2011 years and with avery uneven distribution of precipitation per
month. Spring months April, May and June2010 were with overly precipitation,
which affected unfavorable on thecrops. During the April in 2010 it was 142.2 mm of
rainfall, what was 74.4 mm more compared with the perennial average. In May of 2010 it was
116.7 mm of rainfal, what was 64.9 mm more compared with the perennial average. In June
of 2010 theamount of rainfallwas 128.4 mm higher compared to the average precipitation,
while during 2011 it was lower by 36.0 mm compared to the perennia average. In the
secondyear 2010 recorded large amounts of precipitation in April, May and June, leading to
crop lodging and lower grain yield compared to the second year of research.

Results and discussion

Average values of yield (t/ha), 1000 grain weight (g) and test weight (kg/hl) of investigated
Kragujevac’s spring barley and oat cultivars grown at the Center for Small Grains in
Kragujevac during three growing seasons, 2009, 2010 and 2011 years, presented in the
Table 2.

Barley and oat yields have varied considerably in the 2009-2011 period. All genotypes had
statistically significantly higher yields in 2009 compared to 2010 and 2011. Average grains
yield observed in the of 2009 and 2010 years was the highest at Dinarac variety (5.667 t/ha
and 2.037 t/ha).During the first year of investigations, cultivar of oats Lovcen achieved the
highest grains yield (4.518 t/ha), followed by Slavuj (4.481 t/ha), while the lowest yield was at
Vranac cultivar (3.383 t/ha). During the second year of investigations (2010), the yield of
Lovcen cultivar was the highest with 2.592 t/ha, while the slightly lower yield was realized by
Slavuj cultivar (2.333 t/ha). Vranac cultivar achieved significantly lower yields (2.140 t/ha).
Achieved yields on tested varieties of barley in 2011 year were not significantly different.
Average grains yield of barley observed in the three-year period was the highest at Dinarac
variety (3.421 t/ha).The average yield for al investigated varieties oats was 3.143 t/ha, and
varied from 2.977 t/ha (Vranac) to 3.293 t/ha (Slavuj). According Paunovic et a. (2006), Jelic
et a. (2007) and Djekic et al., (2011) considerable variation on yield depending on years were
established.
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Table 2. Average values of investigated barley and oats cultivars characteristics

Spring barley Grain yield, (tha)
Cultivars 2009 2010 2011 Aveaage
Jadren 5.148 1.925 2571 3.215
Dinarec 5.667 2.037 2.560 3421
Aveae 5.407 1.981 2.565 3.318
1000 grain weight, (g)
Jdan 41.70 42.60 45.40 43.23
Dinarec 40.20 42.30 43.20 41.90
Aveaae 40.95 42.45 44.30 42.56
Test weight, (kghl)
Jdan 61.40 59.86 56.60 59.29
Dinarec 57.30 58.87 58.20 58.12
Aveaae 59.35 59.36 57.40 58.70
Spring oats Grain yield, (tha)
Jan 4.481 2.333 3.036 3.283
Lovoen 4.518 2.592 2.393 3.168
Vranec 3.383 2.140 3.409 2.977
Aveaae 4.127 2.355 2.946 3.143
1000 grain weight, (g)
Sany 29.52 25.58 28.14 27.75
Lovoen 30.72 27.08 26.90 28.23
Vranec 30.90 27.27 28.85 29.01
Aveaae 30.38 26.64 27.96 28.33
Test weight, (kghl)
Sany 47.15 45.45 46.25 46.28
Lovomn 46.95 43.90 44.80 45.22
Vranec 47.85 46.00 46.30 46.72
Aveaae 47.32 45.12 45.78 46.07

Statistically significantly higher yields in 2009 primarily were achieved because of the result
of heavy rainfalls and their good distribution as well as favorable air temperatures during the
vegetation period (Tab. 1). Djekic et a. (2012.a) in his research states that the air temperatures
and the rainfall amount and distribution during the barley growing season have the greatest
impact on high yields and grain quality. Yield is largely dependent on the genetic potential,
which could be defined as yield of variety which was grown in conditions on which it had
been adapted, with adequately amounts of water and nutrients and efficient control of pests,
diseases, weeds and other stresses (Popovic et al. (2011).

Average 1000 grain weight observed in the period 2009, 2010 and 2011 years was the highest
at barley Jadran variety. During the 2009, 2010 and 2011 years of investigation, Vranac
cultivar achieved the highest average 1000 grain weight (30.90 g; 27.27 g and 28.85 Q)
compared with other tested oats cultivars.During the three-year period was of investigation the
lowest average value of 1000 grain weight achieved the barley Dinarac cultivar (41.90 g), and
oats by Slavujcultivar (27.75 g).

The highest test weight, 2009 and 2010, was achieved barley Jadran cultivar (61.40 kg/ha and
59.86 kg/ha). The oat cultivar Vranac has achieved the highest test weight in three years of
investigation compared to other tested oat cultivars (47.85 kg/hl; 46.00 kg/hl and 46.30
kg/hl).The average three-year value of test weight at barley Jadran cultivar was 59.29 kg/hl,
while the highest average three-year value was at oats Vranac cultivar (46.72 kg/hl ).
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Grain of investigated barley and oats cultivars was characterized by good physica
characteristics; especially regard the test weight and 1000 grain weight. Realized average
values of these characteristics in the study were dlightly higher than the values obtained by
Nikoli et al. (2004) and Djekic et al. (2011).

Table 3 Analysis of variance of the traits of spring barley and oats

Fop Fep
Cultivar Y ear Cultivar Y ear

Parameter Spring barley Spring oats

Grain yield, (t/ha) 0.019 142.962" 0.069 10.020"

1000 grain weight (g) 0.875 4.706 0.304 13.500°

Test weight (kg/hl) 0.613 0.753 1.288 5.365

Based on the analysis of variance, it can be concluded that there are very significant
differences in grain yield regard the year of investigation (Fe=142.962 -barley and
Fexp=10.020""-0ats), while among the investigated barley and oats cultivars the differences
were not significant. Significant differencesin 1000 grain weight at investigated oats cultivars
were found relative to the year and very significant differences at grain test weight relative to
environmental factors, respectively the year of investigation. Our results are consistent with
the results of Djekic et al. (2010), where the authors state that the growing conditions in the
observed years had a significant impact on yield.

Conclusion

Based on the gain results during three-year investigation on four Kragujevac’s two cultivars of
spring barley and three cultivars of spring oat, it can be concluded that the highest yield
achieved the barley Dinarac cultivar 3.421 t/ha, and spring oata Slavuj cultivar 3,283
t/ha.During 2009, statistically significantly higher grain yield per area unit as well as was
achieved, compared with 2010 and 2011.Average values of 1000 grain weight of barley
cultivars varied in the range from 40.20 to 45.40 g, during of oat cultivars varied of 25.58 to
30.90 g.Highly significant affect of the year on grain yields was established at investigated
sping barley and oats cultivars by variance analysis. Significant differences in 1000 grain
weight at investigated oats cultivars were found relative to the cultivar and very significant
differences at grain test weight relative to environmental factors.
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Abstract

Soil micro-organisms and the processes that they govern are essential for long-term
sustainability of agricultural systems and a mgjor component in soil formation and nutrient
cycling. Microbial processes are important in organic farming system because a lot of organic
matters are used in organic systems. Soil active microbial communities are vital in
synchronizing nutrient release from organic matter and nutrient demands for plant growth in
organic farming system. Soil microbial activities, populations and communities are governed
by environmental variables and agricultural system, as conventiona and organic system.

The objective of this study was to compare the effects of conventional and organic system
production on microbial number in the rhizosphere of maize and soybean crops.Soil samples
were collected from plots under conventional management (CNV) and organic management
(ORG) in June, 2012. Soil microbial abundance was significantly greater in ORG compared
with CNV. The total number of microorganisms, number of amonifiers, azotobacter, free N,
fixing microorganisms and fungi was higher in rhizosphere in organic production of maize
then in rhizosphere of maize in conventional production. Similar results was obtained with
number of microorganisms in rhizosphere of soybean in organic production in comparison
with conventional. Beside the higher number of al examined groups of microorganisms, in
rhizosphere of soybean, the higher number of cellulolytic actinomycetes was obtained, too.
The number of nodules on root of soybean, in organic production, was 3 x higher than in
conventional.

Key words: microbial abundance, rhizosphere, maize, soybean, conventional, organic,
production.

I ntroduction

Soil micro-organisms and the processes that they govern are essentia for long-term
sustainability of agricultural systems and a major component in soil formation and nutrient
cycling (Nannipieri et. a., 2003). Microbia processes are important for the management of
farming system and improvement of soil quality. Soil microbia activities, populations and
communities are governed by environmental variables and agricultura system, as
conventional and organic system.

In recent years, multiple studies comparing conventional and organic agriculture have
reported differences in soil chemical properties, higher microbial activity and diversity in
organically managed soils, or distinct microbial profiles between the two systems (Shannon et
al., 2002; Bending et a., 2004; Cardelli et a., 2004; Monokrousos et al., 2006; Wang et al.,
2012a). More information is needed about soil microbial populations, particularly the role of
microbial biodiversity in soil quality and productivity, to better interpret measurements of soil
biological properties with respect to agricultura sustainability (Bastidaet al., 2008).
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The objective of this study was to compare the effects of conventional and organic system
production on microbia abundance in the rhizosphere of maize and soybean crops.
Material and methods

The trial was set up on chernozem soil at the BaCki Petrovac experiment field of the Institute
of Field and Vegetable Crops. Soil samples of rhizosphere were collected under conventional
management (CNV) and organic menagement (ORG) of maize and soybean. Samples for
microbiological analyses were taken at two dates (1st June and18th July). Soil samples were
analyzed by the serial-dilution method followed by plating on different selective mediums.
Total number of microorganisms was determined on agarized soil extract (10°) and number of
ammonifiers on MPA medium (10°% (Pochon and Tardeux, 1962). For Azotobacter is used
method of fertile drops, on Fjodorov medium (10 (Anderson, 1965). The number of fungi
was determined on Czapek-Dox medium and actinomycetes on a syntetic medium (10%). The
number of cellulolytic microorganisms was done on Waksman-Carey medium (10°). Fjodorov
medium was used for determination of N-fixing microorganisms (10°). All microbiological
analyses were performed in three replications and the average number of microorganisms was
calculated at 1.0 g absolutely dry soil (Jarak and Buric, 2004).

Results and discussion

The application of organic and inorganic treatments differently affected the rhizosphere
microbia population. Analyzing the response of microorganisms to different cultural practices
is important because soil microbiota respond quickly to environmental changes, so they are
expected to be efficient bioindicators of soil conditions (Avidano et al., 2005).

On average, the number of microorganisms was higher in plot with maize than in plot with
soybean (Tab. 1, Tab. 2). On both time of sampling the total number of microorganisms,
number of amonifiers, azotobacter, free N-fixing microorganisms and fungi was higher in
rhizosphere of maize in organic production than in rhizosphere in conventional. At second
sampling date the number of actinomycetes and cellulolytic microorganisms was higher in
organic practice in maize, too (Tab. 1).

Table 1. Number of microorganisms in rhizosphere of maize
Celulo- Cellulo- Cellulo-

Time of Totdr Ammo Azoto- N- Funai Actino- Iytic Iytic Iytic
. number -nifiers bacter fixing 9 mycetes _ . : .
sampling %10  x10° x10° x10° x 10 < 10° actinomycetes bacteria  fungi
x 10° x10°  x10°
I OP 149,43 26545 132,44 12324 12,37 21,75 2,95 0,59 4,72
st
12611uzne CP 133,06 18331 79,36 97,06 10,04 45,60 17,55 26,49 7,02
r!I OP 270,19 17598 84,62 384,47 6,89 41,8 7,42 25,71 6,31
t
1goi]lzjly CP 174,76 92,33 52,11 13392 13,12 30,69 4,99 8,89 3,37
Average OP 209,81 220,72 10853 253,86 9,63 31,78 5,19 13,15 5,52
¢ cp 153,91 137,82 65,74 11549 11,58 38,15 11,27 17,69 5,2

OP - organic production
CP - conventional production

Similar results was obtained with number of microorganisms in rhizosphere of soybean in
organic production in comparison with conventional. Beside the higher number of amonifiers,
azotobacter and free living N-fixing microorganisms, in rhizosphere of soybean, the higher
number of cellulolytic microorganisms and actinomycetes was obtained, too (Tab. 2).
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Table 2. Number of microorganisms in rhizosphere of soybean
Cellulo- Cellulo-  Cdlulo-

Tota Ammo- Azoto- N- . Actino-

Time of s o Fungi Iytic Iytic Iytic
sampling ”;”;87‘* r)llﬂl%res l?(a(itoezr f)'("ig% x 10* mgi%tf actinomycetes bacteria fungi
x 10° x 10° x 10°
| OP 20347 102,07 214,05 23340 1221 20,31 18,60 8,67 1,17
st
12031“2”6 CP 18578 4256 16350 15539 6,82 21,29 8,49 13,24 9,16
h|| OP 199,84 293,18 89,16 342 1257 101,22 9,84 37,95 6,55
\
“;Ofg'y CP 22525 9547 664 18608 2608 525 15,48 1385 261
Average OF 20166 197,63 151,61 287,7 1239 60,77 14,22 23,31 3,86
W€ "Cp 20552 6902 8507 170,74 1645 1327 11,99 13,55 5,89

OP - organic production
CP - conventional production

In a long-term field trial in which organic and conventional agricultural systems were
compared, microbial biomass was higher in soils from organic plots (Fraser et al., 1994; Hu et
al., 1997; Tu et a., 2005).

Araujo et. a. (2008) concluded that the organic practices rapidly improved soil microbial
characteristics and slowly increase soil organic C. Okur et a (2009) concluded that organic
management positively affected microbial biomass and enzyme activity due to enhacementsin
organic matter content. Wang et. al. (2012a) obtained results that the abundance and diversity
of N-fixing bacteria tended to increase with duration of organic management but the highest
number of nifH gene copies was observed in the rhizosphere and bulk soil of 5 years organic
management. Abundance and diversity of amonia oxidizing bacteria tended to increase with
duration of organic management (Wang et a., 2011).

Contrary, Buyer and Kaufman (1996) in their work on population of bacteria and fungi
isolated from the rhizosphere of maize grown under both conventional and alternative
agricultural systems concluded that systems had very little effect on microbial diversity.
Microorganisms can bee stimulated or inhibited or there may be no effect at al on the
structure of the indigenos population in organic production (Dobbelaere et al., 2003).

For a better understanding of conventional and organic farming systems, therefore, needs
comprehensive knowledge and monitoring of soil properties and microbes in soil under
conventional and organic farming systems (Wang et al., 2012b).
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Abstract

This study examined the impact of weather conditions and increasing doses of nitrogen
fertilization on the productivity (yield) and quality characteristics of two varieties of winter
barley (Grand and Record). The two-year trial (2005-2007) was set in a randomized block
system in four replications, which included control and three different doses of nitrogen
fertilization (0, 80, 100 and 120 kg ha™). The soil on which the experiment was performed
was of alluvium type and the size of the experimental plot was 10 m2. The research has
determined the optimum amount of nitrogen to achieve maximum yield and grain quality of
winter barley genotypes which were studied. The tests have shown that the highest grain yield
and quality of winter barley varieties was achieved with fertilization variant of 80 kg ha™ and
the lowest in the control variant. Winter barley variety Grand, in both tested years, had a
significantly higher grain yield (4.48 t ha') compared to the other studied variety Record
(3.58 t ha). Variety Grand also had higher values of a 1000 grain mass and hectoliter mass
compared with variety Record.

Meteorological conditions, in two tested years, had a great influence on the yield and quality.
The lack of rain and extreme heat in the second year caused the abrupt termination of grain
filling stages which led to a decline in yield and grain quality. The results of these studies
would be valuable in terms of its growing as forage crop as well asin terms of its breeding for
grain quality and productivity.

Key words: winter barley, nitrogen, weather conditions, a 1000 grain mass, hectoliter mass.
I ntroduction

Barley (Hordeum sativum L.) represents one of 40 species of the grass family Hordeum
(fam.Poaceae). It is one of the oldest cultivated plants, and it has been known as a plant
species for 10 000 years. Its importance is reflected in the remarkable plasticity and the
possibility of growing in different environmental conditions as well as in its versatile use.
According to Djuric et a (2009), in recent years, the production of barley in Serbiais done on
the surface of 70-80 000 ha, with an average yield of about 3 to 3.5 t ha™. In our country
barley is mostly used for livestock feed and beer production, rather than for human
consumption.

Unlike other small grains, winter barley has higher requirements of growing technology,
particularly with respect to nitrogen nutrition of the plant. Barley plants have shallower root
system compared with other small grains, so they adopt less soluble substances from the soil
poorly. If we take into account the sensitivity of barley genotypes expressed in increased rates
of nitrogen fertilizer, mineral nutrition of barley must be adapted to the requirements of
individual species (Peric, 1982; Jelic et al., 2002).

The aim of the research was to determine the possibilities of cultivation of winter barley in
agro-ecological conditions of Montenegro, as well as the optimum amount of nitrogen in
addition to provide high yield and good grain quality.
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Material and method of work

Two varieties of winter barley (Grand and Record), created in the Center for Small Grainsin
Kragujevac, and three variants of nitrogen fertilization (80,100 and 120 kg ha™*) were used as
the material for this research. The tests were conducted in the north of Montenegro during two
growing seasons (2005-2007). The trial was set in a randomized block system in four
replications. The trial was conducted on aluvial soil and the size of experimental plot was 10
m?. The technology common in the production of winter barley was used during the research.
After manually performed harvest, in the stage of full maturity, hectoliter mass was measured
aswell asa 1000 grain mass and grain yield adjusted to 14% moisture.

The obtained results are given in average values, processed by the analyses of variance, and
the significance was tested by the LSD test.

Results and discussion

Before the beginning of this study, the samples of the soil, on which the trial was conducted,
were taken and their analyses was carried out. Based on the results, it was found that the soil
has dlightly acid reaction with total carbonate content of 5.62 to 5.63%,it is humus rich 3.98-
4.35% and poor in available phosphorus (5.68-8.71 mg/100g soil) and potassium (4.47-3.71
mg/100g soil).

Table 1. Middle monthly air temperature and precipitation amount
Year Month Average
X XI XII I [l [l \% vV VI VI
Middle monthly air temperature (°C)
2005-06 9.7 33 12 -26 04 42 111 146 168 19.0 7.77
2006-07 114 26 03 18 48 70 115 160 198 219 9.71
Precipitation amount (mm)

200506 852 1161 1825 366 87.7 180.8 584 786 119 529  890.7
2006-07 395 746 1825 929 458 1047 157 608 769 239 7173

Meteorological conditions i.e. temperature and precipitation are the main non-genetic factors
that determine the success of cultivation of winter barley and other small grains. In the
growing season 2005/06 there were 997.8mm of rainfall which is 280.5mm more than in the
second year of the research, while the average air temperature was lower by 1.9°C. aso, in
October and November 2005/06 there were 201.3mm of rainfall, which is 87.2mm more than
in the same period of 2006/07, while the average air temperature was lower for 1°C. From the
above it can be concluded that the conditions for germination, emergence and development of
plants in the first year were more favourable. The rainfal in December was the same.
Significantly less rainfall during February, March, April and May in 2007, with higher air
temperatures, caused the shortening of the period of grain filling and accelerated ripening,
which has resulted in significantly lower yield compared to 2006.

A 1000 grain mass and hectoliter mass are important indicators of technological value of
seeds. Such features are very important because they directly affect the yield.
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Absolute grain mass

A 1000 grain mass is an indicator of coarseness i.e. grain size and it represents the
relationship between weight and number of grains.

Both varieties included in the trial, in the first year had a 1000 grain mass which was
significantly much higher compared to the second year of study. High air temperatures and
low humidity in June and July in 2007 caused the shortening of the grain filling period
compared to 2006. A 1000 grain mass is affected by growing conditions to a large extent as
Przulj et a (1997) indicated.

In both tested genotypes, a 1000 grain mass was highest in the variant fertilized with 80 kg ha’
' in both years. Further increase of nitrogen has led to a reduction of values of absolute mass.
Variety Record had the highest absolute mass (45.1g) when fertilized with 80kg ha™ of
nitrogen, and the same variety had the lowest absolute mass (35.9g) when fertilized with 120
kg ha’ of nitrogen. Our results are in agreement with the results of Przulj and Momcilovic
(2002) where a dose of 80 kg ha of nitrogen is referred to as optimal from the point of seed
size.

Table 2. Absolute mass of grains of winter barley (g)

(B) Fertilization (kg ha?)

Year (C) Cultivar (A)
0 80 100 120 Average
2006 Grand 39 43 41.7 40.5 41.05
Rekord 37.9 45.1 44.8 43 42.7
AVERAGE 3845 4405 4325 41.75 41.9
2007 Grand 36 44 43 40 40.75
Rekord 34.5 42 411 35.9 38.35
AVERAGE 35.25 43 42 37.95 39.55
Two-year average 36.85 435 42.6 39.85 40.7
LSD A B AB C AC BC ABC
0.05 0.106 0463 0.654 0.106 0.654 0.926 1.309
0.01 0.142 0.618 0.874 0.142 0.874 1.236 1.748

Hectoliter mass

Hectoliter mass is also an important indicator of the technological value of seed. The obtained
results are in agreement with literature data, which point out that beside the variety and
nutrition, meteorological conditions show significant influence on hectoliter mass. It can be
seen from the table, that both varieties, in both years, had the highest value of hectoliter mass
when fertilized with 80 kg ha™ of nitrogen. Variety Grand had the highest hectoliter mass
(63.4 kg) when fertilized with 80 kg ha™ of nitrogen, while variety Record had the lowest
hectoliter mass (60 kg) when fertilized with 120 kg ha™* of nitrogen, that isin accordance with
the results (Thompson and Woodward, 1994) which show that nitrogen in higher quantities
can adversely affect the quality of the grain. The data in the table indicate the great
dependence of hectoliter mass of meteorological conditions in the years of study, since both
varieties had significantly higher values of the tested feature compared to the second year.
Przulj et a., (1997) emphasized in their work the significant influence of the year on the
hectoliter mass.
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Table 3. Hectoliter mass of winter barley (kg)

(B) Fertilization (kg ha")

Year (C) Cultivar (A)
0 80 100 120 Average

2006 Grand 60.1 63.4 62.4 60.8 61.7
Rekord 61.2 63.3 62.2 60.6 61.9
AVERAGE 60.65 63.35 62.3 60.7 61.8

2007 Grand 59.3 62.5 62 60.2 61
Rekord 60.2 62.3 62 60 61.1
AVERAGE 59.75 62.4 62 60.1 61.1
Two-year average 60.2 62.9 62.15 60.4 61.45
LSD A B AB C AC BC ABC
0.05 0476 0.673 0.673 0.476 0.673 0.952 1.346
0.01 0.635 0.898 0.898 0.635 0.898 1.271 1.797

Grainyield

Grain yield is a complex feature of polygenic mode of inheritance. It is the resultant of the
interaction of the variety, the applied agro-techniques and growing conditions throughout the
entirelife cycle.

Table 4. Grain yield of winter barley (kg ha')

(B) Fertilization (kg ha?)

Year (C) Cultivar (A)
0 80 100 120 Average
2006 Grand 4475 4937.5 4840 42525 4626.25
Rekord 3425 4060 3922.5 3275 3670.6
AVERAGE 3950 4498.75 4381.25 3763.75 4148.4
2007 Grand 4200 4640 4550 3982.5 4343.12
Rekord 3180 3950 3880 2930 3485
AVERAGE 3690 4295 4215 3456.25 3914.1
Two-year average 3820 4396.9  4298.12 3610 4031.25
LSD A B AB C AC BC ABC
0.05 17298 24464 345977 172979 244643 345977  489.285
0.01 231.04 326.69 462.009 231.040 326.690 462.009 653.379

The data in the table show that the application of nitrogen in the supplementary feeding of
barley showed a significant increase in grain yield compared to the control. Both tested
genotypes had the highest yield when the smallest amount of nitrogen (80 kg ha™) was used in
the supplemental nutrition, while further increase in nitrogen led to a reduction in yield.
Variety Grand, in both years, had very significantly higher yield (4484.7 kg haY)with all
variants of fertilization compared to the other studied variety Record (3577.8 kg ha'l). Variety
Grand obtained the highest yield (4937.5 kg ha') when using 80 kg ha* of nitrogen in the first
year, while variety Record obtained the lowest yield (2930 kg ha) at adose of 120 kg ha* of
nitrogen in the second year. Our results are in agreement with the results of Malesevic et al.,
(2010) which, according to their research, indicate that the highest yield was obtained when
barley was fed with 80 kg ha™* of nitrogen.
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Conclusion

Using the results of this research of the effect of nitrogen and weather conditions on the yield
and yield components of winter barley, the following conclusions can be drawn:

Favourable climatic conditions in the first year have influenced all the tested features to have
asignificantly higher values compared to the second year of the research.

Variety Grand, in both years, obtained higher values of hectoliter mass and grain yield in
comparison with the other tested variety Record.

Variety Record had the highest absolute mass (45.1g) when fertilized with 80 kg ha™' of
nitrogen, and the same variety had the lowest absolute mass (35.9g) when fertilized with 120
kg ha® of nitrogen.

Variety Grand had the highest hectoliter mass (63.4 kg) when fertilized with 80 kg ha™ of
nitrogen, while variety Record had the lowest hectoliter mass (60 kg) when fertilized with 120
kg ha of nitrogen.

Variety Grand obtained the highest yield (4937.5 kg ha™) when using 80 kg ha* of nitrogen,
in the first year, while variety Record obtained the lowest yield (2930 kg ha™) at a dose of 120
kg ha* in the second year of the research.

Both varieties, in terms of yield, hectoliter mass and a 1000 grain mass, responded best at
fertilizing dose of 80 kg ha™" of nitrogen, while further increase of nitrogen led to a reduction
in values of mentioned features.

For the research areain the production of barley, we recommend the lowest applied dose of 80
kg ha™ of nitrogen, and for the choice of variety, taking into account the level and quality of
yield, we prefer variety Grand.
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Abstract

Spelt wheat is characterized with a lot of good productive traits, primarily well is
adapted to the agroecological conditions and soils in hilly and mountainous areas, tolerant to
drought, pathogens and insect attacks (Flaksberger, 1930). Grains are tightly wrapped glumes
and paleas and protected from air pollution, so that can be cultivated in areas that are less
suitable for the wheat. The flour, milled grain of provides all the necessary nutrients, ideal for
the natural balance (Bodroza-Solarov et al., 2009). It is used for making specia type of bread
that is more digestible than the value of common wheat flour. Nutritional value flour gives the
high gluten content, so it can be used for the preparation of pastries and variously pasta
without adding eggs. If it used milling of kernels, we obtain the so called integral wheat flour
(Ruegger et al., 1990). The spelt can be cultivated without the use of chemicals and he is
highly respected in organic agriculture (Kohajdova and Karovicova, 2008). Grain, obtained in
thisway is used for the preparation of healthy food. The large numbers of consumers that feed
on and live in harmony use these products.

I ntroduction

Spelt wheat is one of oldest species which belongs of the genus Triticum. This wheat
was well known even before 6,000 years. It was cultivated in ancient Egypt. The spelt grain
used in the diet the ancient Romans who spread production throughout the Empire in today’s
Europe and North Africa. Growing was in mountainous areas of Southeast Europe until the
20th century (Glamoclija et al., 2011).

Nowadays spelt becomes interesting for cultivation, especialy after studying the
relationship of plants to the agroecological and soil conditions, and finding the most
appropriate production technology (Stallknech et al., 1996). Studying the chemical properties
of grain and flour Zielinski et al. (2008) point out that this is excellent raw materia for
making bread because has bigger nutritional value. In countries with a growing population
and who eat more organic agricultural products special types of bread are well accepted. The
specia bread baking it was very well received, especialy in countries where an increasing
number of residents in the nutrition benefits of organic agriculture products (Abdel-Aal et al.,
1995).

Cultivation of wheat is becoming more and more interesting in Serbia. Areas under
spelt increase in mountain areas, but also in the lowland areas. Association with organic
farming includes this wheat in the crops rotation because it can be grown in conditions of
alternative methods of crop protection (Stallknecht et al., 1995).
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Material and methods

During 2011/12 were conducted field micro experiments within thermo-electric power
plant Nikola Teslain village Usce on degraded land that is fallow over 15 years, that has been
created to landfill of coal. The subject of research was the first domestic varieties spelt
Nirvana. It was selected in the Institute of Field and Vegetable Crops, Novi Sad. The variety
of winter spelt wheat is very tolerant to frost. Spelt wheat well grows in less fertile soils and
drought better tolerated than common wheat. Spike is the average length of 10 cm to 15 cm
with 22 flower spikelets. Kernel is chaffy because is strongly hulled with glumes and paleas
after threshing. The hectoliter mass hulled grains is 75-78 kg and 1000 grain weight around
41g. The grain contains about 15% of total protein. The grain is rich in vitamin B and
minerals. Compared to common wheat spelt has 7-8 times more calcium, magnesium,
phosphorus and selenium. Mineral matters in grains are associated with organic carbon, and
easy to adopted organism.

Before preparing for sowing of wheat was done cleaning the soil of various waste
dumps. In late summer plowing was ploughed. Seedbed preparation was during October

In sowing period were used mineral fertilizers NPK 15:15:15 in the amount of 600 kg
ha*. Wheat was sowed in |ate October. Top dressing was done in early March, with variations
mineral fertilizers, as follows: V1 (ammonium nitrate - KAN, 220 kg ha), V2 (urea - 40%,
150 kg ha') and V3 (control, no nitrogen). During the growing season are not undertaken
other crop tending or protection. Hand harvesting was in July and at the same time samples
were taken for determining the following parameters. stem height, spike length, spikelet
number, grain number, grain weight and mass of tailings. Data were analyzed using analysis
of variance and tested LSD test.

Results and Discussion

Stem height. The average stem height at the time of wheat harvest was 97.7 cm and
89.6 cm control (Table 1). Top dressing of crops with KAN stem height is increased by about
11%. The use of ureafor top dressing stem height is an average increase of over 16%. The top
dressing of crops significantly increased stem height wheat.

Spike length. The average length of the spike at wheat harvest period was 10.23 cm,
while the control was 8.9 cm (Table 1). The top dressing of crop spikes were longer by about
12%, but the effective top dressing was not significantly for the length of the spike.

The number of spikelets. The average number of spikelets was 18.87 in control 17.5
(Table 1). The top dressing of crops with KAN number of spikelets was increased by about
13%. Using of urea in top dressing of crops spikelets increased by 10%. The nutrition urea
was not significantly influenced this morphological feature.

Number of grains per spike. The average number of grains per spike of wheat was
24.33 while the control was 20.1 grains per spike (Table 1). The top dressing of crops with
KAN number of grains per spike was increased by about 40%. The use of ureain top dressing
of crops of number grains per spike increased by 23%. The top dressing of crops KAN
significantly increased the number of grains per spike in wheat, while nutrition did not
significantly influenced the morphological properties.

The grain of weight. The average grain weight in spike at the time of wheat harvest
was 1.06 g, while the control was 0.9 g (Table 1). The top dressing with KAN influenced on
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weight of grains per spike. Increase was by about 33%. Grain weight spike in average increase
of 22% using urea for top dressing However, top dressing is not statistically significant on
increasing grain weight in spike.

The mass of grain chaff. The average weight of chaff (glumes and paleas) after
kernel hulling was 0.46 g, while in the control was 0.4 g (Table 1). The top dressing of crops
KAN and urea weight of chaff increased by 25%, but these differences were not statistically
significant.

Table 1. Indicators of morphological and productive traits

Morphological and The average values L SD test
productive characteristics of treatment
Control KAN Urea Average

Stem height, cm 89.6 99.3 104.3 97.7 0,05 9.4658
0.01 14.3400

Spike length, cm 8.9 10.9 10.9 10.23 o005 2.5272
0.01 3.8286

The number of spikelets 175 19.8 19.3 1887 005 2.9962
0.01 4.5390

Number of grainsper spike  20.1 28.1 24.8 2433 005 7.0220
0.01 10.6377

The mass of grain 0.9 12 11 1.06 o005 0.3648
0.01 0.5526

. 0.05 0.1998
The mass of grain chaff 0.4 0.5 0.5 0.46 0.01 0.3627
Conclusions

Based on the research of the influence of crops on the morphological characteristics of
spelt wheat productlon on degraded land, the following can be concluded:

Top dressing significantly influenced the growth of stems. Using KAN they were

increased by 11% while using Urea stems were higher about 16%.

The length of the spike had is significant influenced in crops with top dressing. The

both types of nutrients affected increase length of spike equally.

The number of spikelets per spike, number of grains and 1000 grain weight were

higher in variants with top dressing, but these differences were not significantly higher

than in control.

The mass of tailings in the grain chaff was also higher than in control variant, but the

variations compared to the control were not significant.

Top dressing did not significantly influence the morphological characteristics of plants

and production, because in pre sowing preparation added 600 kg ha' NPK 15:15:15

mineral fertilizers. Nitrogen from top dressing significantly influences on wheat

tillering in spring. An increased number of plants per area achieved higher grain yield

in general.
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Abstract

Acid soils have characteristic morphological properties and they undergo the process of
gleying. They are also poor in water content, aeration and texture. Being of comparatively
poor structure, the acid soils are deficient in alkalis and in organic matter so they are generally
extremely acid. The current study was focused on liming as a soil amendment measure as well
as on determining the oat leaf content of K in the cultivar Mediteran. Soil pH was 5.01 in
2007 and 5.11 in 2008. The variants used included increasing Ca rates compared to the control
(the treatments were as follows. T1, T3 and T4 + control — without liming). The trial was
conducted under the controlled conditions. The leaf content of K was determined during the
flowering and full maturity phenophases. Gleying was performed using atomic absorption
spectrophotometry. The content of K in oat leaf was the highest prior to liming with 4 g
CaCOg3in 2008 over the flowering phenophase (1.634% dry organic matter) and the lowest in
the control variant over the same phase in 2008 (being 0.721% dry organic matter).

Key words: oat, liming, pseudogley, leaf, calcium
Introduction

The most limiting factors of plant cultivation on the pseudogley type of soil are considered to
be its acid reaction, low content of humus as well as poorly contained phosphorus, potassium,
calcium and nitrogen. Such soils also contain considerable amounts of mobile bonds of
aluminum that are toxic to plants (Foy, 1984). The detrimenta effects of aluminum and its
presence were corroborated by the findings of Babovic (1960). In addition, Bartlett and Riceo
(1972) found the solubility of the aluminum and iron hydroxides to be rather low at pH from
5.0 to 5.5, whereas, above these values, their content was none even in their modified form.
One such measures is a more massive introduction of the recently released wheat, which have
shown a high production potential even under stressful climatic conditions, and the significant
measure is to increase and improve the soil fertility level (Dencic et al., 2006). The research
results reveal more than 60% of acid soils accounting for low productivity soils and
simultaneously acting as a highly limiting factor of plant production (Djalovic et a., 2010).

M aterials and methods

The soil sample for the current research was taken from the region of Ivanjica being
characteristic of acid soils and of the plant production being made rather difficult. The
experiment lasted two years (2007 and 2008). It was done with five replications, with the
experimental variants having increasing Carates (CaCOj3; added to aready prepared soil) + the
control one. Lime granulation was 0.3 mm. Thetrial variants were, as follows:

T1— control + 0.1% CaCOs of the soil weight per vegetation container

T3 — control + 0.3% CaCOs of the soil weight per vegetation container
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T4 — control + 0.4% CaCOs of the soil weight per vegetation container.
At which, the control variant was the sample without any CaCO3 added.
The experiment was carried out under the controlled conditions, with the potassium content in
oat leaves, the cultivar Mediteran, being monitored over the flowering phenophase and the fulll
maturity one. The pH value was measured, amounting to 5.01 in 2007 and to 5.11 in 2008.
Leaves were first dried at 60°C for 11 hours and then annealed at 550°C for 12 hours. The
sample was destroyed and then turned into its base solution.
As for potassium contained in leaf, its analysis was made through the absorption
spectrophotometry. The obtained results were processed statistically using the method of
variance using Dunett’s test.

Results and discussion

The average content of potassium in oat leaves over the different developmental stages in
2007 and those in 2008, and depending on the liming rate, is given in the Tablel.

Table 1. The average K content (% dry matter)
Developmental phase

Liming rate Flowering Full maturity
2007 2008 2007 2008
T, 1.301 1.309 1.106 1.100
Ts 1.491 1.503 1.206 1.104
T, 1.529 1.634 1.206 1.193
Control 0.730 0.721 0.737 0.733
Do0s=0.0143 D 0.0:=0.0186

Based on the data given in the Table 1, the lowest potassium content could be spotted in the
control variant over the flowering phenophase in 2008 (0.721% dry matter) and the highest
one in the liming variant with 4 g CaCO;3 applied throughout the flowering phenophase in
2008 (1.634% dry organic matter).

Potassium is the most necessary element for the growth of the individua plant organs. Thus,
the research work of Saric (1983) and Radovanovics (1995) done with maize, indicated that
potassium presence was, as follows: 45% leaf, 32% stem, 4% root and 14% kernel.

The analysis of variance of the average potassium content in leaf along with the modes
underway denoted to al the modes to highly significantly influence the K content in the oat
leaves (Table 2). Also, the interaction effects among all the regimes underway could be found
to be statistically highly significant. The analysis of interaction effects showed that K content
in oat leaf had a changeable trend as the result of soil liming, which subsequently led to its
indicative deviations which could not be disregarded at all.

Table 2. The analysis of variance of the average K content
The sources of Degrees of

variation freedom Square means F- exp. Significance
Liming (A) 3 3.001 21404.193 *k
Developmental rx
stage (B) 1 1.006 7582.971
Year (C) 1 0.000208 1.482 Non-significant
Interaction AB 3 0.138 985.493 **
Interaction AC 3 0.000582 4.180 *k
Interaction BC 1 0.000935 6.652 *k
Interaction ABC 3 0.00158 11.253 **
Error 75 0.000140
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Namely, even though the genera trend of the liming regimes denoted that K content in oat
leaf increased with the increase in soil liming, K content and liming did not show such an
interaction throughout all the developmental phases and study years so that higher liming
rates gave rise even to a decrease in K content of oat leaves (Foy, 1984). This interaction
effect should be taken into account when determining higher soil liming rates for oat crop.
However, irrespective of the liming rate and study year, K content in oat leaf was found to
decrease from flowering phenophase to the full maturity one. The interaction effect between
the developmental phases and modes underway, seemed to be the consequence of the small
variations among the samples analysed.
It should be stressed that the deviations of K content from its basic trend were not significant
compared to the lawful ness reached.
Thus, regardless of developmenta stage and liming, the average K contained in oat leaf was
lower than the allowable anal ytic deviation and therefore was not significant.
As pointed out by Jeleni¢ (1985), the presence of K in wheat straw was found to range from
0.50 to 1.50% dry matter.

Conclusion

Based on the obtained results, it could be concluded that:

the highest K content was reported in 2008 in the flowering phenophase (1.643% dry organic
matter) with liming using 4 g + CaCQOsg,

the lowest K content was reported in 2008 in the flowering phenophase in the control variant
amounting to 0.721% dry matter,

K content also showed a decreasing trend in the control variant from the flowering to the full
maturity phenophase, whereas liming brought about an opposite trend.
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Abstract

This paper presents breeding work on malting and forage barley, specificaly focusing on
increased tolerance to abiotic and biotic stresses. Breeding for yield is generally aimed at
improving certain yield components that directly or indirectly contribute to its realisation.
Apart from high yield potential, new genotypes should have adequate drought resistance
(tolerance) to be achieved by identifying sources of beneficia genes and ways to maintain or
improve grain yield in dry years. The long-term traditional selection process and evidence of
climate change demand a breeding strategy targeting adaptation to future production
conditions in small grains, primarily barley and wheat. Selecting widely adaptable genotypes
that produce stable yields and show resistance to economically important diseases and
tolerance to different biotic and abiotic factors indirectly contributes to increasing the yield
and quality of malting and forage barley.

Key words: barley, breeding, length of growing season, lodging, drought
I ntroduction

Cereals are the most widely grown crops in the world, accounting for about 61% of the total
arable land (Leff et a., 2004). Among cereals, wheat ranks first in terms of land area,
followed by maize, rice and barley (Takeda et a. 2008). In the first decade of this century,
barley was annually grown on 57 million ha, with an average production of 140.8 million t
grain and an average grain yield of 2.6 t ha™.

Since the early work on developing new barley cultivars, the main goa has been to increase
grain yield potential. Apart from an increase in yield potential, new cultivars should have
increased resistance to lodging (Dencic et a., 1992; Przulj et al., 2000; Przulj and
Momcilovic, 2002). In the 1980s and 1990s, grain yield remained a permanent goa in
creating new cultivars, with breeding being further expanded to include other traits, primarily
quality and resistance to biotic and abiotic limiting factors (Knezevic et a., 2007).

Grain yield aso depends on many other factors, such as length of growing season, lodging
resistance, cold resistance, disease and pest resistance, etc. Directional selection has resulted
in the creation of local cultivars of malting and forage barley belonging to the continental
ecotype, which yield grain that exhibits good technological traits even under these conditions.
Breeding programmes have involved the use of genotypes originating from Eastern Europe as
donors of genes conferring adaptability to semi-arid conditions, as well as the use of
genotypes originating from Western Europe as donors of genes providing good quality.
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Selection for length of growing season

Earlinessis a very important trait in barley adaptation to a production region. Under optimum
growth conditions, longer growing seasons lead to increased grain yields. This trait is of
greater importance for northern and upland regions located at higher atitudes (1000 m as.l.
and above) where growing seasons are considerably shorter, with earliness often playing a
decisive role in obtaining satisfactory yields. This trait is equally important in arid regions.
Although yield is theoretically positively correlated with length of dry matter accumulation,
higher yields under Serbian production conditions are produced by short-season cultivars.
Early-maturing cultivars manage to produce most of their yield before the dry period, whereas
forced maturity and reduced grain yield and quality occur in late-maturing cultivars (Przulj
and Momcilovi¢, 1998). High yields and good grain traits require uniform optimum grain
filling. Forced maturity in barley leads to poor starch accumulation, alow percentage of large
uniform-sized grains and a higher dry matter content. Even under no-stress growing
conditions, long-season cultivars spend a large part of dry matter to form vegetative parts;
therefore, their yields may be lower that those of early-maturing cultivars (Borojevi¢ and
Wiliams, 1992).

However, in any production region, there are externa factors constraining plant growth and
development and, hence, largely determining the most favourable length of growing season
for the particular production region. A certain length of growing season may be favourable for
one production region but unfavourable for another. Therefore, breeding for length of growing
season should aso be adjusted to environmental conditions. Among the environmental
factors, the highest effect is produced by temperature, day length, atitude, humidity and soil
fertility. Length of growing season in the selection processis generally determined by number
of days from emergence until earing.

Among the Novi Sad cultivars of winter malting barley, Novosadski 293 takes the longest to
put forth ears (193 days); the growing season of new cultivars is 4-5 days shorter, whereas
spring malting barley cultivars have a growing season of about 60 days (Przulj and
Momcilovi¢, 1998).

Selection for drought resistance

Drought is a magjor environmental stress factor that limits crop production in many countries
worldwide. Changes in regional climate are expected to include reduced rainfal