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PREFACE

Dear Colleagues,

In your hands are the Proceedings of the 7™ International Scientific Agricultural
Symposium “AGROSYM 2016”, which | hope you will find useful in your research,
education and professional activities and endeavors.

AGROSYM 2016 themes cover all branches of agriculture and are divided into seven
sessions: 1) Plant production, 2) Plant protection and food safety, 3) Organic agriculture, 4)
Environmental protection and natural resources management, 5) Animal husbandry, 6) Rural
development and agro-economy, and 7) Forestry and agroforestry.

Keynote papers dealt with organic agriculture from different perspectives as well as
international cooperation in agricultural and rural development, climate change and forestry.
Organic farming is a holistic production management system of agricultural, food and other
products, combining good agricultural practices, a high degree of biodiversity, conservation
of natural resources, and application of high standards of animal welfare.

Food production, food security and production of raw materials for other industries
determine multiple environmental, economic and social roles of agriculture (including crop
production, animal husbandry, forestry and fisheries) in all countries, both developed and
developing ones, as well as its multi-functionality; including its contribution to rural
development. This is clearly highlighted in the numerous contributions included in these
Proceedings alongside the challenges that agriculture sector is facing and the negative
impacts of industrial agriculture on the environment.

| do believe that the research results reported here will be significant in the
dissemination of knowledge to the wider audience about the importance of agriculture as a
strategic sector in many countries.

AGROSYM 2016 made an important contribution to the agriculture theory,
knowledge and practice in different areas. During the four-day symposium on October 6-9,
2016, over 1100 contributions were presented (either as oral or poster presentations) to more
than 1000 participants representing 78 countries.

The Proceedings comprise an edited selection of the papers submitted to the
symposium. Each paper included in the Proceedings was positively reviewed by referees.

AGROSYM 2016 was made possible through the commitment and contributions of a
wide range of partners and sponsors. Many thanks to all authors, reviewers, session
moderators and colleagues for their help in editing these Proceedings. Special thanks go to all
co-organizers for their unselfish collaboration and comprehensive support.

East Sarajevo, 05 October 2016
Prof. Dusan Kovacevi¢, Faculty of Agriculture, University of Belgrade
Proceedings Editor in Chief — President of the Scientific committee of AGROSYM 2016
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Abstract

Selection of perennial forage grasses is aimed at improving the economic and environmental
sustainability of cattle and sheep production. Tolerance to drought conditions, water use
efficiency, persistence and high forage yields are the major traits that determine the
adaptability of the tested genotypes. This study was conducted at the experimental site of the
ITGC institute in Sétif during the cropping seasons 2005/06, 2006/07 and 2007/08 with the
objective to evaluate the performance of 13 varieties of perennial grasses, belonging to two
species: FestucaarundinaceaSchreb. And Dactylisglomerata L. in a semi-arid region.
Characterization has focused on various morphological traits in order to assess their
adaptability to drought prone environments. The results showed the existence of a wide range
of variability due to the diversity of responses of the evaluated varieties of both species,
particularly regarding biomass production, production cycle, persistence and water use
efficiency, which is considered as one of the most important factors in the success of artificial
grasslands in semi-arid areas. These results show high potential for the selection of a plant
material adapted to the specific conditions of the semi-arid areas of the Algerian high plains.
Indeed, this study allowed us to discriminate the most adapted genotypes characterized by
high performance, good height growth, earliness in heading and good persistence.

Keywords: Festuca arundinacea Schreb., Dactylis glomerata L., morphological traits,
drought.

Introduction

The use of perennial grasses in the semi-arid Mediterranean environment requires a high
capacity to survive the severe thermal and water stress of summer and the ability to provide a
high biomass yield in autumn-winter (Copaniet al., 2012). Among the perennial grass species
of common interest across the Mediterranean basin, tall fescue (Festuca arundinacea
Schreb.)and cocksfoot (Dactylis glomerata L.) are of paramount importance (Mousset, 1995).
However, these species have mostly been bred in and for more temperate climates, and the
attempt to simply introduce -cultivars selected under different conditions into the
Mediterranean region has repeatedly proven unsuccessful. Therefore, all the attempts of
introduction of high yielding genotypes bred in temperate climates should be preceded by
studies about their adaptation to semi-arid conditions.On the basis of the importance of
studies that evaluate yield adaptation to Mediterranean locations of both species, the present
study was undertaken to compare 13 cultivars (6 Dactylis glomerata L. and 7 Festuca
arundinacea Schreb.) in an Algerian drought prone environment for yield and other relevant
phenotypic traits, in order to identify the best adapted plant material.
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Material and Methods

The field trial was carried out over three consecutive cropping seasons (i.e., 2005/2006,
2006/2007, 2007/2008) at the Agricultural Research Station of the Field Crop Institute of
Sétif (Algeria) (1081 m a.s.l.; 36°12'N, 5°24'E), which has a long-term mean annual rainfall
of 387 mm. The soil is classified as clayloam, with 45% clay, 41% silt, 13.9% sand, and 1%
organic matter, and pH (H20) 8.2. The climate is temperate continental, and varies from arid
to semi-arid. The monthly rainfall and mean monthly temperatures recorded at the
experimental site during the trial are shown in Figure 1. The trial was run under rain-fed
conditions, except for the sward establishment year, in which 40 mm irrigation was given in
March 2006, after a severe drought spell. The soil was prepared in the autumn of 2005, after
chickpea as the previous crop. Before ploughing, 18 kg/ha P was applied as
triplesuperphosphate fertiliser (18% P, 9% S), as the standard application for cereal
production in the area.
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Figure 1. Mean monthly temperatures and rainfall recorded at the experimental site (Sétif,
Algeria) for the years of the study.

The six cultivars of cocksfoot and seven of tall fescue obtained via the “PerMed” European
project (Meftiet al., 2014) were endophyte free (E-), except E-542 (E+), which is ‘Flecha’
infected by the endophyte AR542. Each grass cultivar was hand sown in a Lattice design in
October 2005 on a 10-row plot, with 2.5-m-long rows and 0.20-m spacing between the rows.
Nitrogen fertiliser was applied in November 2006 and in March 2006, 2007 and 2008, at a
rate of 35 kg/ha of N asurea (35% N).
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Measurements
The inner six rows were harvested to determine dry matter yield after drying a sample of 500g
in a forced air oven at 70 °C for 48 h at each harvest (autumn and spring).The heading date
(HD) was recorded in spring on undisturbed rows in each plot, and expressed as the number
of days from 1 January needed to reach 50% heading of the plot. Recovery from each cut
(REC) was expressed as the row cover percentage; i.e., the percentage of the row space
occupied by living grown tissue. This was measured after each harvest, to determine the
persistence of each of the cultivars.
Soil water measurements were carried out with a neutron probemoisture meter (CPN Corp.,
Pacheco, CA, USA) twice a year: at the start of the cropping season in September, and just
after the last cut in May-June. The measurements of the water content were made in plot soil
to a depth of 100 cm, where we observed that most root biomass was concentrated. The
moisture readings were calibrated against the soil water content, which was determined
gravimetrically for each soil depth layer, as: 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm and 80-
100 cm, and converted to volumetric measures. The total water evapotranspired (TWU) by the
crop was then estimated according to Chen et al. (2003), as:
TWU = ASWq + Rainfall — ASWge(1),
whereASWyg is the available soil water at the start of the productive season, measured in
September, Rainfall is the accumulated rainfall during the season, which was recorded at the
national weather station located 5 km from the experimental field, and ASWgs is the available
soil water measured just after the last harvest in May-June.
The WUE was expressed as kg forage dry-matter yield per hectare accumulated between the
two harvests/mm total water evapotranspired (TWU), according to Chen et al. (2003), as:
WUE = DMs/TWU  (2).
The field-collected data during the three cropping seasons were analysed using the balanced
generalised linear model (GLM) subroutine of the Systatl2 software (Systat Software,
Chicago, IL, USA), as a factorial in randomised complete block design.

Results and Discussion

Persistence and earliness

Variations among the cultivars and years for row cover (REC) reached significance of at least
P<0.01 in both of the seasons over the 3 years of the experiment, but there were no significant
effects of species, or for the double and triple interactions (Table 2). The mean of the sward
persistence averaged over the years, ranged from 46.24% (cocksfoot ‘Ottava’) to 71.33% (tall
fescue ‘Tanit’) in autumn, and from 46.62% (tall fescue ‘Sisa’) to 69.31% (cocksfoot ‘Jana’)
in spring. (Table 1).

The number of days to flowering showed highly significant differences between the
genotypes (G), years (Y), G x Y, and G x SP(species) x Y interactions (P<0.001; Table 2).
The swards took a longer time to flower during the first year of establishment, compared to
the second and third years, with the mean number of days to flowering averaged over the
genotypes of 134.6 (cocksfoot, 137.0; tall fescue, 131.0) in 2005/2006, compared to 113.7
days and 101.8 days in 2006/2007 and 2007/2008, respectively . Tall fescue cultivars ‘Flecha’
and ‘E-542° showed the earliest flowering dates across the years (109 days), while the
cocksfoots ‘Jana’ and ‘Delta-1’ and the tall fescues ‘Tanit’ and ‘Lutine’ were the latest to
head over the 3 years of the study (Table 1).

Dry-matter yields
The dry-matter yields were relatively low during the autumn compared to the spring harvests,
with a 3-year average of 0.48 t/ha for the autumn harvest (DMa) for both cocksfoot and tall
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fescue, and 1.12 t/ha for the spring harvest (DMs) for cocksfoot versus 1.50 t/ha for tall fescue
(Table 1). The analysis of the variance of DMa accumulated across the years of the study did
not indicate any differences between species, or genotypes, or any interactions, with a
significant effect of year only (Table 2). For the spring dry-matter yield (DMs), the ANOVA
was highly significant (P<0.001) for species, genotype and year effects, together with a
significant triple interaction (i.e., genotype x species X year; Table 1). The mean DMs across
the 3 years indicated that ‘Flecha’ (1.77 t/ha), ‘E-542’, ‘Centurion’ and ‘Fraydo’ were the top
yielding cultivars, all of which are tall fescues, with cultivars of tall fescue being generally
higher yielding in spring than cocksfoot. The lowest yielding cultivar was the cocksfoot
‘Ottava’, with a mean spring biomass harvest of only 0.87 t/ha (Table 1). When the individual
years were examined, the yields for the second year were higher for both species, while the
third year was the lowest also for DMs. The tall fescue ‘Flecha’ was the highest yielding
cultivar in year 1 (2005/2006; 1.92 t/ha), while it gave the same yield as the tall fescues ‘E-
542°, ‘Centurion’, ‘Lutine’, ‘Fraydo’, and as the cocksfoot ‘Medly’ in the second year
(2006/2007).

Water-use efficiency

The WUE varied significantly between the years, species, genotypes, G X Y, and G x SP x Y
year interactions (Table 2). For individual years, the establishment year (2005/2006) showed
far less efficiency in terms of water use for all of the cultivars tested, with ‘Flecha’ showing
the highest WUE of all the tall fescue and cocksfoot cultivars. The WUE was higher in the
second year (2006/2007), with nearly identical effects in the two grass species. Indeed, the
cocksfoot ‘Kasbah’ showed the lowest WUE during the first year (2005/2006; together with
‘Delta-1°, ‘Ottava’ and ‘Lutine’), but ranked second for WUE for the third year (2007/2008),
after ‘E-542°. Tall fescue cultivars ‘Flecha’, ‘E-542” and ‘Fraydo’ showed generally high
WUE:s for each year than cocksfoots.

Table 1.Three-year means for the agronomical traits for the cocksfoot and tall fescue

cultivars.
Species Cultivar Dry-matter yield Recovery HD WUE
DMa DMs RECa RECs
Cocksfoot ‘Jana’ 0.47 1.17 68.63 69.31 122.0 5.68
‘Medly’ 0.42 1.35 65.15 65.00 115.7 6.38
‘Kasbah’ 0.60 1.20 55.68 59.97 113.3 6.08
‘Delta-1’ 0.45 1.07 48.89 60.52 122.3 5.23
‘Currie’ 0.46 1.04 53.44 61.00 117.7 5.02
‘Ottava’ 0.43 0.87 46.24 47.38 117.3 5.34
Mean 0.48 1.12 56.34 60.53 118.1 5.62
Tall fescue ‘Tanit’ 0.47 1.13 71.33 66.34 123.3 5.83
‘Sisa’ 0.43 1.24 51.45 46.62 116.0 5.51
‘E-542° 0.47 1.65 58.51 59.85 109.0 8.23
‘Centurion’ 0.51 1.47 64.71 60.57 115.3 6.57
‘Flecha’ 0.48 1.77 63.53 66.19 109.0 7.50
‘Lutine’ 0.42 1.28 51.98 46.72 122.3 6.15
‘Fraydo’ 0.56 1.56 54.76 52.02 114.0 7.04
Mean 0.48 1.50 57.06 55.13 114.2 6.83
Lsd (p=0.05) 0.21 0.42 12.06 10.72 3.73 1.34

DMa,s =Dry matter yield in autumn (a) and spring (s) (t/ha); RECa,s = recovery as row cover percentage (%), in
autumn (a) and spring (s); HD = number of days from January 1% to heading; WUE = water use efficiency (kg/ha
mm). SEN = Leaf senescence in summer (%).
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Table 2.Mean square of the combined analysis of variance for dry-matter yield, recovery,
days to heading, water-use efficiency and leaf senescence.

Source of variation D.F. DMa DMs RECa RECs HD WUE

Genotype (G) 12 0.018™ 0.61 566.03° 557.9° 2086 7.9
Species (SP) 1 0.001™ 3086~ 284.9™ 382.5™ 167.8° 3337
Year (Y) 2 0.088" 30.2° 773.7 392777 10.8° 5174
GxY 24 0.025™ 024™ 1703" 788™ 50.6° = 4.2
SPxY 2 2.26™  192.7™  64.92™  31.6™ 32"
GxSPxY 24 0.03" 2687 2146™ 401.1™ 947.37 4717
Residual 78 0017 023 2885 238.3 18.4 2.36
Lsd(P=0.05) 021 042 12.06 10.72 3.73 1.34

Prolonged summer droughts and poor management practices adversely affect persistence; and
as a result, swards are short-lived and require frequent re-establishment (Malinowski et al.
2005).However, increased persistence was not always shown to be of benefit in terms of
production. In fact, a comparison between the two tall fescue cultivars has been done by
Hayes et al. (2012) showed that the more summer active cultivar, Demeter, failed to persist
beyond year 1; cv. Fraydo, by contrast, persisted to at least year 3; however, the cumulative
herbage production during the entire experimental period of cv. Demeterwas 59% greater than
that of cv. Fraydo.

For our results, Flecha was selected in difficult conditions in Argentina (Pecettiet al., 2011). It
has at least two characters that contribute to its drought tolerance (i) the deep root system
plays a large role in enhancing plant survival (\Volaire, 2008) , and (ii) the development of an
extensive senescent leaves around young tillers during the summer, increasing the survival of
tillers under drought conditions (Norton et al. 2006). Poor persistence of cocksfoot variety
Ottava and tall fescues CVs Lutine and Sisa, is related to their non summer dormancy. Their
origin in temperate regions of Europe explains also the difficulties of adaptation despite their
good performance during the first two years.

Heading date, which is dependent on both genotype and environment has led to distinguish a
late heading year, corresponding to the year of installation where endophyted Flecha, Flecha
and Centurion were the earliest varieties with a period of 123, 127 and 128 days, respectively,
while Medly, delta 1 and Lutine were the latest to head. In earlier year Flecha, endophyted
Flecha, Fraydo and Medly were the earliest with periods ranging from 95.0t098.0days, while
Deltal is the latest with a heading date of 110 days.

Dry-matter yield is a very important trait determining the choice of perennial grass cultivars.
Humphreys et al. (2006) reported that increasing dry-matter yield was the main objective of
grass breeding programmes and breeding has achieved mean productivity increases of 0.5%
per year. In the present study, there were differences in dry-matter yield between the cultivars
studied. This variation arose from differences in the forage dry-matter yield per annual cycle
and differences in cultivar (G) production across the years. The autumn dry-matter yield
(DMa) was constantly lower than DMs, and this was explained by the decrease in soil
moisture content (data not shown). In fact, in such drought-prone Mediterranean
environments a commonly observed phenomenon is that autumn rains arrive very late and
rainfall in summer may be completely absent.

In the present study, WUE varied greatly between the years, and also between varieties within
the individual years. The WUE, which is defined as the ratio between the plant dry-matter
production and the water transpired, represents a measure of the ability for a plant to perform
well under incipient drought (Thomas, 1997). Blum (2009) considered that the WUE is an
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important determinant of the yield under stress, and even as a component of the crop drought
resistance. In the present study, the highest yielding varieties also had high WUE.

Conclusion

These traits showed the possibility to select an adapted material of Dactylisglomerata and

Festucaarundinacea to specific conditions of the semi-arid areas of the Algerian high plains,

where annual rainfalls rarely exceed 400 mm per year. Flecha, Fraydo and Kasbah showed

superior adaptation for the measured traits. There was evidence for better drought tolerance of
earlier-heading varieties.
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Abstract

The aspiration for economic, yielding and qualitative production has led to the introduction of
the improved technology for pepper cultivation by direct sowing of seed with the application
of the specific machinery and a suitable protection from pests. The aim of the pepper
production by direct sowing is neither an early harvest nor big fruits. It is a high vyield, a
single harvest and the simple economic cultivation practices. In pepper production by a direct
sowing the period of disease is avoided, and a possibility of the occurrence of a disease is a
lot lower in comparison to the peppers that are produced from seedlings. The share of human
labor during the production is much smaller and the greatest part of cultivation practices is
done by machinery; the production is more simple and safer, and the yield and quality of
fruits are at the level of the yield of a classical production of pepper from seedlings. The
advantage of pepper production by direct sowing is also reflected in the achievement of plant
spacing per hectare that is by even 4 to 6 times larger compared to the classical system of
cultivation. Such a cultivation system introduces a low yield per a plant, but a high total yield.
Beside all these statements, the pepper production by direct sowing is little present on the
plots in Semberija because of many restrictions in the production.

Key words: pepper, direct sowing, seedling, yield, a number of plants.

Introduction

Production of pepper from seedlings is the most common production system, but more
rational technologies of pepper production by direct sowing are being more and more
accepted. The main disadvantages of cultivation of pepper from seedlings are large total costs,
significant energy consumption, bigger risk of disease occurrence and very high involvement
of human labor. The total yield depends on the quality of seedlings. The seedling production
requires very high level of skills, as well as constant investing in new technologies of the
production of seedlings.

The pepper production by direct sowing does not require any additional investments,
equipment or building of additional facilities. Because of these facts, the pepper production by
direct sowing is coming to be more and more interesting and widespread. The results of the
trial can be added to this, as well as production practices which speak in favor of production
by direct sowing. The pepper that is planted late gives a lower yield as a rule. The reduction
of the yield will occur if we plant the seedlings that are not suitable for seeding because they
are underdeveloped, too young or they have overgrown the optimal phase for seeding. The
results of Lazi¢ (1975) confirm that in the production of the pepper by direct sowing higher
yields are realized than in the production of pepper from seedlings if the planting happened
after 20th of May, so called the late phase. We specially have to emphasize the advantages of
a thicker plant spacing of pepper in the production by direct sowing which also Zatyko (1979)
points to in his researches. He points out that the advantage of pepper production by direct
sowing is that we achieve larger plant spacing by an area unit, even by 4 to 5 times larger
compared to the planting which gives a low vyield per a plant, but a high total yield per area
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unit. Therefore, the aim of this research is that we, beside determining the most yielding way
of pepper production, make an analysis of ecological conditions and the effect of the applied
cultivation practices on the reduction of unfavorable conditions.

Material and methods
The studies about possibilities of pepper production by direct sowing have been carried out on
a soil which belongs to grey and brown non-calcareous chernozem and which is at the same
time the most prevailing soil at the territory of Semberija region (entity of Republic of Srpska,
Bosnia and Herzegovina).
A general trait of this soil is weak acid reaction with the PH value of 6.41 and it is also
characterized by relatively low content of humus substances that ranges from 2.37 to 2.71%.
The soil has good physical properties, emphasized crumbly structure but it is typical that
during the process of production in unfavorable climatic conditions a crust occurs. The soil is
well provided with nutrients, the content of basic nutritive substances does not represent a
limitation in the production.
The preparation of soil has been done with the application of standard mechanization and with
the usual pattern of cultivation practices which is a standard in pepper production at the
territory of Semberija. During autumn, cow dung and mineral fertilizer NPK 8:16:24 were
applied. Ploughing down was done after spreading of fertilizer at the depth of 25 to 30 cm.
During spring, the other part of mineral fertilizer NPK 15:15:15 was applied in the plot after
which the preparation of soil for sowing and planting was approached to. The direct sowing
on an open field was done on 5th of April and the planting of seedlings from container and
bare roots seedlings was done on 10th of May. Sowing and planting were done with the 55-
cm row distance. The trial was set by 4-replicate randomized complete block design and the
Palanacka Babura variety was used in the trial. With the aim of solving the task, a trial with
the direct sowing of pepper on an open field was carried out but the trial also included the
variants of pepper cultivation from the different ways of seedling cultivation namely the
seedlings from a container and the bare roots seedlings. All of the applied cultivation practices
were common for all the variants of the trial. At the end of the trial, the level of yield was
being determined, and the results obtained were compared to results from the literature.

Results and discussion

The success in the production of pepper largely depends on the series of factors. For a
successful production of pepper it is necessary to provide fertile soil with good structure,
harvest the best preceding crop, cultivate the soil well and apply, on good time, the necessary
measures of care during the vegetation. During performing of the trial, it was obvious that the
applied cultivation practices affect the yield, but also that the ecological conditions have a
great influence, which Wells (1967), Somos (1984) and Markovi¢ (1998) also concluded in
their researches.

The results of the researches of Spaldon et al. (1972) indicate that pepper in the early stages
goes through the basic phases of organogenesis, especially of generative organs. In this
period, the pepper must have optimal conditions for growing and development in order to
make a yield as great as possible.
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Table No. 1 An average pepper yield by different means of production t/ha

Means of | | ] Il AVERAGE
production VALUE
Papper from | 31 30 40,80 33,93
direct sowing

Pepper from | 31,60 36 48,24 38,61
bare root

seedlings

Papper from | 32,48 40,16 60,64 44,42
seedlings from

container

Table 1: Experiments source results

The table above clearly indicates that the highest yield, in all of the three years of
examination, was achieved in the production of pepper from container seedlings. It is obvious
that the yield achieved is significantly higher compared to the other means of pepper
cultivation. If we compare the average yields within some means of pepper cultivation, we
will see that there are significant differences within some means of pepper cultivation in the
sense of the level of the yield, which depends on the year of examination. It is a general
conclusion that the pepper yield is a very variable trait which depends on the series of factors
and that it is changeable depending on the means of production, but it also depends on the
conditions of production within the individually observed ways of production.

The highest average yield was achieved in the pepper production from container seedlings
which was 44.42 t/ha. During the cycle of research, the lowest yield was obtained in the first
year of the trial, 32.48 t/ha, and the highest yield was achieved in the third year (60.64 t/ha)
where the difference is 28.16 t/ha.

In the pepper production by direct sowing on an open field the lowest yields were obtained in
all of the three years of examination. The average yield was 33.93 t/ha and the lowest yield
was obtained in the second year (30 t/ha) while in the third year it was highest (40.8 t/ha) just
like in all other variants of the trial, where the difference is 10.8 t/ha. Just like in the case of
the seedlings from container, during the production of pepper from bare root seedlings the
lowest yield was obtained in the first year (31.6 t/ha), while it was highest in the third year of
the trial (48.24), with the difference of 16.64 t/ha. The average yield of the pepper cultivated
from the seedlings from container (44.42 t/ha) was higher for 10.49 t/ha than the yield of the
pepper cultivated by the means of direct sowing, and it was higher for 5.81 t/h than the yield
of the pepper cultivated from the bare root seedlings.

Based on the data above, we can see that the variations of the yield by years of examination
within some ways of cultivation were more pronounced than they were among the different
ways of cultivation. An emphasis should be put on a cause which was long rainy and non-
rainy periods followed by significant oscillations of high and low temperatures that were
followed by unfavorable relative air humidity.

The results presented confirm so far researches which emphasize that the pepper production
from container seedlings has numerous advantages.

By producing the pepper from seedlings, we obtain higher yields; is this enough for a clear
recommendation? What are the possibilities and perspectives like for the pepper production
by direct sowing? Which moments do the producers have to pay a special attention to? The
success in the production of pepper by direct sowing is related to the soil and the climatic
conditions during the process of production. The most fertile structural soils should be chosen
for the pepper production. Fertile alluvial soils and chernozems, the soils with good water and
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air regime, good physical and chemical properties are the most favorable soils for pepper
production by direct sowing. The soil has to have a good aeration because the roots of peppers
are sensitive to the lack of oxygen. The soils that are liable to forming of a crust make the
pepper production more difficult, and exactly such soils occupy the largest part of arable land
in Semberija.

The largest part of human labor use is related to breaking a crust especially in the period after
the sowing and in the first stages after cropping up when pepper is most sensitive to the
occurrence of crust. During this period, the efficient breaking of crust is possible only with
regular irrigation of the sown plots.

The stoppage in cropping up and the speed of the passing of the first phases of growing and
development is mostly related to occurrence of crust which in the final result leads to the
decrease of yield.

The pepper from direct sowing requires greater involvement of human labor in the first part of
vegetation, while in the production of pepper from seedlings greater involvement of human
labor is in the second part of vegetation.

The first part of vegetation is a critical period in the production of pepper by direct sowing
and it is necessary to pay more attention to it in that period.

The data from literature confirm our results and observations.

In order to make the yield of pepper from direct sowing as great as possible, the preparation
of the soil must be as high-quality as possible and the sowing as early as possible. It is best to
do the sowing from the end of March till 10th April, which matches with the conclusions
from the researches done by Markovi¢ (1988). Gvozdenovi¢ et al (2006), just like Markovié¢
(2001), in their researches, confirm our facts that starting from the choosing of soil and all the
way to the care of pepper all the measures for the cultivation practices have very large
influence on the yield.

During the researches, we came to a clear conclusion that ecological conditions have very
large influence on the yield, and that the measures of cultivation practices must be adapted to
the ecological conditions which Markovi¢ (1995) also concluded in his researches.

The results of the research show that the yield of pepper from direct sowing was significantly
higher in the third year of the trial.

It is necessary to emphasize that satisfactory yields can be achieved in the production of
pepper by direct sowing, which was also a conclusion of the researches of Lazi¢ et al (1971).

Conclusion
On the basis of the practical results and observations that have been noticed, the following
conclusions can be made:
There are favorable agro-ecological conditions, at the territory of Semberija region, which
give a firm basis for a successful cultivation of pepper by direct sowing on an open field.
The conditions for the production are not ideal (only favorable), but with intensified
cultivation practices, timely and coordinated care measures, pepper can be very successfully
produced directly from seed.
For a successful production of pepper, a special attention should be paid to choosing a high-
quality soil, which, above all, must be very fertile, with good structure and other favorable
physical and chemical properties.
The research also shows that in this production great attention must be paid to the high-
quality cultivation of soil and measures for care of crops.
An important factor for the success in the pepper production by direct sowing are climatic
conditions during the vegetation which cannot be influenced, but with a right choice and
timely applied measures for cultivation practices, their negative effect can be reduced.

54



The pepper yield depends on numerous factors during the production, but in this production a
satisfactory yields can be easily achieved.

The yield of pepper by direct sowing is lower than the production from seedlings, but it also
has a series of advantages which are reflected in easier and simpler cultivation practices
followed by higher economic profitability of production.
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Abstract

The aim of this study was to investigate the mechanisms which are responsible for the growth
inhibition of plants under drought conditions and it is carried out by measuring the plant
growth parameters and water regime. The research was carried out under controlled
conditions andpotato (Solanum tuberosum L.) cultivar Liseta was used for investigation.
During the vegetative period the plants were grown by the applied two different irrigation
regimes:optimal irrigation - soil is watered every day until the optimum water capacity and
soil water content in the substrate at field water capacity was 36% and water deficit -the
drought caused by interruption of watering the substrate in the tuber initiation stage. The
results of this study show that drought caused the reduction of the leaf and stem growth (leaf area,
dry weight of leaves and stem) and development. On the basis of the results of measured water
regime parameters (water content in a substrate, leaf water potential and stomatal conductance)
and their correlative relationships it was confirmed that the decrease of water content in a
substrate caused induction and interaction of both types of signals (chemical and hydraulic
signals).

Key words:water,drought, stomatal conductance, leaf, water potential

Introduction

In the face of increasing frequency of extreme climatic events, crop plants are often exposed
to multiple abiotic stresses at the same stage of growth (Walter et al., 2012).As a result of
global climate change and excessive pollution have decreased the amount of water available
for agricultural production. Drought stress becomes a significant stress factor that may limit
agricultural production worldwide. Therefore, improving drought resistance of plants is
difficult to achieve without understanding the effect of drought on plants.

Drought particularly affects the breeding and productivity of crops, especially vegetables,
including potatoes. Potato is an important crop worldwide and due to its sparse and shallow
root system is very sensitive to soil drying (Yuan et al., 2003). In potato like in many
agricultural crops yield depends on how much dry matter is partitioned to reproductive organs
(tubers). Even mild levels of water stress reduce potato productivity by limiting canopy
expansion and increasing senescence rate and by the delay of tuber initiation and bulking
(Fabeiro 2001; Lahlou et al., 2005; Hassanpanah, 2010).

Drought mainly affects the plant-water relations on cellular even the whole-plant level, resulting
in reductions of leaf water potential and stomatal conductance (Rampino et al.,2006; Neumann,
2008).The traditional view of drought is that soil drying induces restriction of water availability
and decreasing water and turgor potentials. Changes in plant water regime and the development of
water deficits in leaves present a hydraulic signal of drought that lead the reduction of leaf growth
(Dodd 2009). However, many results indicated that leaf growth could be reduced without any
changes in leaf water status (Bahrun et al., 2002; Schachtman and Goodger, 2008; Fernandez et
al., 2003) and that these changes are linked with soil water status. This kind of reaction requires
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that the plants have some mechanism to sense the soil water availability. A number of
experiments done in control and field conditions have shown that primary sensors of soil drying
are roots which produce different chemical signals. Many experiments (Reddy et al., 2004; Davies
at al., 2002, Liu et al., 2006) confirmed that this chemical signal is a stress hormone ABA that is a
produce in roots in the response to soil drying. Abscisic acid is is transported via xylem to the
shoots and caused stomatal closure and reduced leaf area. As a aditional signals in the plant
response to soil drying can be changes in concentrations of others hormones (cytokinins), mineral
composition and pH of xylem sap (Schachtman and Goodger, 2008; Wilkinson and Davies, 2008,
Vystskaya et al., 2009) increasing of xylem pH has been suggested as a drought signal that
reduces the leaf elongation rate through an ABA-dependent mechanism (Wilkinson, 1999).The
impact of drought on physiological processes of plants is complex and depends on its intensity,
duration, and of plant species exposed to stress.Drought has an effect on almost all processes in
the plant and growth process is most sensitive to the water deficit. In drought conditions shoot
growth inhibition is associated with the closure of stomata and caused a decrease in transpiration
(Wilkinson and Hartung,2009). Reducing of stomatal conductance in early stages of water stress
inhibits transpiration ratemore than it reduces the intercellular CO, concentration. The objective of
a present study were to investigate the mechanisms responsible for the potato growth inhibition
under drought conditions, measuring parameters plant growth, water regime and compared these
results with control.

Materials and methods
Experimental design

Potato (Solanum tuberosum L.) cultivarLiseta was used for investigation. In the experiment
under controlled conditions, we studied the effect drought of potato plants at an early
phenological phase of growth. Potato tubers are uniform and germinated tubers were sown in
containers with soil as substrate (Potground H, Klasmann-Deilmann, Germany). Plants were
grown in phytotronic chamber at a temperature 25/18° C, relative humidity 70% and light
intensity 300 pmolm-?s-" After planting, all plants were watered up to the field water
capacity. During the vegetative period the plants were grown by the applied two different
irrigation regimes:
- Optimal irrigation - soil is watered every day until the optimum water capacity and soil
water content in the substrate at field water capacity was 36%;
- Water deficit -the drought caused by interruption of watering the substrate in the tuber initiation
stage.

Experimental measurements

Measurements of plant water regime parameters included leaf water potential (‘Y1) and
stomatal conductivity. The leaf water potential (W1) was measured using the pressure
chamber (Scholander et al., 1965), while stomatal conductivity was measured using diffusion
porometer AP4 (Delta-T Devices).Soil water content measurements was done by using teta
probes (ML2X, Delta - T Device Ltd., United Kingdom) at a depth of 20 cm.

During the experimental period we measured parameters of growth and productivity (leaf
area, dry weight of leaves and stem). Leaf area was determinate destructively by sampling
leaves from plants and scanning by scanner (Mustec Scan Express A3 USB). Plant biomass
(leaf and stem dry weight) was measured after oven drying to constant weigh at 80°C. The
measured traits have been analyzed for statistically significant differences by Students
unpaired t - tests (Sigma Plot 6.0 for Windows —SPW 6.0, Jandel Scientific, Erckhart,
Germany).
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Results and discussion
Water content in the substrate and plants water status

Changes in water content in substrate or soil water content, leaf water potential and stomatal
conductance in the control and plants exposed to drought during the experiment are shown in
Fig 1.The values of water content in the substrate in control plants during the study period
were maintained at approximately the same level. Water content in the substrate at the
beginning of the experiment was 35.5%, and then was a slight increased in 9-th day, where
they recorded the maximum value of 37.6% and a gradual decrease until the end of the study
where the water content was 33%.

Maximum values of water in the substrate in plants exposed to drought were at the beginning
of the measurements, 33.5%, and then the value of the 5-th day fell to 30.6% and had a more
pronounced decrease in the last day of drought where values were 16.7%. Tests of the water
content in the substrate during the experiment under controlled conditions, showed that the
values of water content in the substrate in plants exposed to drought were significantly lower
than in control plants .Water content in control plants kept close to field water capacity, while
in the plants exposed to drought decreased from the beginning of experiment untill the end of
the study where the reduction of water content in the substrate was 49% compared to control.
Similar results were obtained by Liu et al., (2005).
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Fig. 1. Changes in water content, stomatal conductance (gs) and leaf water potential (¥1)
in the control and plants exposed to drought during the experiment

During the experimental period, stomatal conductance and leaf water potential in both applied
irrigation regimes followed the changes of water content in the substrate. Our results measuring
stomatal conductance and leaf water potential was accompanied with a change in water content in
the substrate. The results showed that leaf water potential in controlled and plants exposed to
drought was similar untill the 5-day (0.41 and -0.42 MPa). Drought caused a statistically
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significant reduction in leaf water potential at the end of study where water potential in droughted
plants was reached -0.73 MPa which is 34% of reduction compared to control. The results of
stomatal conductance in control and drought plants had similar trend as a water potential, an
increase up to 5-th day, and decreased at the end of experiments. Maximum values for both,
controled and drought exposed plants were at 5-th day (545.0 and 453.6 mmol m-%s-). Stomatal
conductance in both treatments decreased untill the end of experiment (326.0 and 208.0 mmol m-
2s-1. Results showed statistically significant reduction of 37% in stomatal conductance compared
to the control. Our results are consistent with the majority of published papers on which the
conditions of water deficit has been a reduction of stomatal conductance (Liu et al., 2006, 2008).
The results of Liu et al., (2005) showed that the soil drying effect on the reduction of stomatal
conductance and leaf water potential of potato, but also increase xylem ABA. Misson et al. (2004)
found that go decreases with declining the pre-dawn leaf water potential. In study of Ahmadi et al.,
(2009) measurements of the leaf water potential on potato resulted that a lower leaf water
potential leads to a higher gs .The decrease in stomatal conductance may occur before there is a
drop in the substrate water content and leaf water potential. Such reactions of plants indicates a
non-hydraulic (chemical) signals of stress.Correlation analysis (Fig.3) found a linear relationship
of water potential and stomatal conductance (coefficient of 0.72) and water potential and water
content in the substrate (coefficient 0.85), indicating the presence of hydraulic drought signal. By
reducing the water content in the substrate there was a decrease in leaf water potential. These
results are consistent with studies Tarideu et al., (1996) where the reduction of leaf water potential
leads to decrease in stomatal conductance with increasing number of dry days. Also in the later
stages of drought we found a positive correlation between water content in the substrate and
stomatal conductance (Fig.2) indicating the presence of chemical signals and drought. The
correlation coefficient is 0.57 and determined the linear decreasing dependence, the reduction of
water content in the substrate was accompanied by a significant decrease in stomatal conductance.
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Fig.2. Correlation between water content in the substrate and water potential (A) and water content in the
substrate and stomatal conductance (B)
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Growth parameters

During the experiment under controlled conditions, measurement of physiological parameters
as leaf area and dry leaf and stem biomass were measured at an early phenological phase of
growth.Leaf area was increased in controlled plants the during the entire period and maximum
values of 4250 cm? were recorded at the end of the experiment (Tab. 1). In plants exposed to
drought leaf area was increased until the 9-day and maximum values were 3250 cm?, and then
there was a reduction untill the end of the period, where the leaf area was 2903 cm? The t-
test showed a statistically highly significant reduction in leaf area in droughted plants by 55%
compared to the control.The results show that the leaf dry weight at the beginning of the
studies were similar in control and plants exposed to drought (12.4 g and 12.1 g,
respectively). During the experiment, there has been an increase in dry weight in controls so
that at the end of the experiment, leaf dry weight of the control plant was 24.5 g. In plants
under drought conditions there was a decrease in values ranging of 9 days starting with the
drought and on the end of experiment they reached a value of 11.0 g. Drought caused a
statistically significant reduction in leaf dry mass by 55% compared to the control plants. The
results of measurements of stem dry weight at the start of measurements for both control and
drought plants were 9.1 g and 8.5 g. Dry weight of stem values were rising to 9-th day for
both tested treatments, and then there was a decline in the value of plants exposed to drought
increasing the number of days of drought. At the end of the experiment, dry weight of stem
plants in plants exposed to drought was 10.25 g, which presents statistically significant
reduction of 41% compared to control plants.

Decrease in leaf expansion decrease the use of carbon and energy, and a higher proportion of
the plant assimilates is distributed to the root system and support further root development. A
reduction of dry weight aboveground portion probably comes because the less inhibited root
growth in relation to shoot growth and an increases translocation of biomass from aerial parts
of the roots of potatoes. Similar to our results, has recieved Mingo et al., (2004) in studies on
tomato. The cause of the reduction in growth under drought conditions, an increase in activity
of cell wall hydrolytic enzymes, especially antioxidants (Aganchich et al., 2007), which can
induce or cause lignification inactivation of auxin leading to suspension growth.
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Table 1. Results of plants leaf area, dry weight of leaf, dry weight of stem in the control and
plants exposed to drought

Days of drought Leaf area Dry weight of leaf Dry weight of stem
Control Drought Control Drought Control Drought

1 2350+150.16 | 2298+298.85 12.440.35 | 12.14+0.10 9.1+0.9 8.0+0.05

5 2969+235.75 | 2813+186.68 14.1+0.85 14.5+0.50 10.8+0.7 11.3£0.6

9 3523+323.00 | 3250+250.00 16.1+£0.50 | 15.4+1.40 13.25+0.75 12.5+0.75

13 3950+50.00 30904+239.07 | 13.0£1.00 | 18.0+1.00 14.9+0.90 11.55+0.55

17 4250+250.0 2903+119.45 11.0+£0.60 | 24.5+1.50 17.4+0.60 10.25+0.75

Conclusion

In the experiment under controlled conditions results measurements of stomatal conductance
and leaf water potential followed a change of water content in the substrate. These results
showed that the test plant at the end of the experiment were exposed to a significant degree of
drought stress.On the basis of the results of measured water regime parameters (water content
in a substrate, leaf water potential and stomatal conductance) and their correlative
relationships it was confirmed that the decrease of water content in a substrate caused
induction and interaction of both types of signals (chemical and hydraulic signals).

The results of measurements the parameters of plant growth showed that in plants exposed to
drought significantly decreased plant biomass that can be explained by reduction of dry
weight of plants and plant leaf area.Measurement results showed that the drought has led to a
reduction that is probably due to the translocation of dry matter to the roots, as well as the
reduction of leaf area. The results investigated plants growth parameters are indirectly
indicate that the effect of the drought influenced assimilate synthesis and partitioning, which
is of importance for understanding the impact of drought on the yield of the tested plants.
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Abstract

The removal of sugar beet haulm is a topical research-and-technology problem of the sugar
beet growing industry. Solving it would facilitate a considerable increase in sugar yield per
hectare of the harvested crop acreage. The use of haulm as a source in the biogas production
further increases the priority of this problem. Therefore, finding an optimal design and
kinematic parameters of anew feeling unit for the standing root scalper on the basis of a
theory onthe impact interaction between apassive feeler and standing beet root crowns during
their scalping is a high-priority task for scientists. This paper presents new analytical research
onthe process of interaction between the passive feeler and the beet root crown. Thus, the
impact momentum has been determined and the conditions needed for the effective feeling
and scalping of the standing root’s crown without dislodging the root from soil have been
established. The numerical calculation of the derived analytical expression performed on a PC
has facilitated the plotting of a curve, which shows the efficient root crown feeling to be at a
travelling speed of V = 2 m s™and a comb feeler elevation angle of « = 0.3 rad (or 17°).

Keywords: sugar beet root, harvesting, scalper, modelling, constructive and Kkinematic
parameters.

Introduction

Today’s sugar beet root harvesting technologies involve initial chopping of the bulk of the
haulm followed by final scalping of the standing root’s crown prior to lifting the root from the
soil (Gu et al., 2014; Sarec et al., 2009; Wang & Zhang, 2013; Wu et al., 2013). Therefore, the
efficient performance of the majority of beet harvesters depends on how sensitively and
accurately the feeling of the roots standing in the row with their crowns rising to different
heights above the soil surface is done (Gruber, 2005; Schulze Lammers, 2011). This applies
to most of the haulm gatherers, root crown after-cleaners, scalpers and certain designs of
lifting tools (Schulze Lammers&Schmittmann, 2013). In international practice, various
mechanical feeling devices are now widely used, which feel the standing beet roots and adjust
the elevation of the tools accordingly, as required. They can be passive feelers, active
(powered, drum-type) and even combined ones. However, the requirements of achieving the
needed performance level under various harvesting conditions, design simplicity and reduced
metal and power intensity are not always met.

A lot of studies have recently been published covering the issues of the removal of residual
sugar beet haulm after the total topping of the standing roots with the cutting apparatus
(Pogorely et at., 1983; Bulgakov 2002, 2011; Bentini et al, 2005; Zhang et al., 2013). These
studies dealt with root crown cleaners of different designs: vane, ring, sector and drum as well
as paraboloid types. The most widely used standing root crown cleaners are those which do
not require noticeably accurate and sensitive feeling of each of the beet root crowns rising to
different heights above the soil surface in the row. The processes of haulm harvesting are

63



largely similar for sugar beet and fodder beet, but only experimental studies have been carried
out with regard to fodder beet haulm harvesting (Pogorely&Tatyanko, 2004).

The aim of this study was to find the optimal constructive and kinematic parameters of a
feeling unit for the standing root crown scalper on the basis of the development of a theory of
the impact interaction between the passive feeler and standing root crowns during their
scalping.

Materials and methods

This research used methods of generating mathematical models of operation of agricultural
machines and their tools with the use of fundamental provisions of mathematics and
theoretical mechanics, principles of program construction and numerical computation on
PCs..

We have developed a new passive-type design of standing sugar beet root crown scalper. Its
design and process flow schematic model are presented in Fig. 1. It comprises frame 1 rigidly
attached to the rear part of the main frame of the haulm gatherer (which performs total
chopping of the bulk of the haulm with no prop and no feeler) above each row of root crops
and vertical support 2 with the tools, which is connected to frame 1 by two pairs of link rods 3
and 4 in the parallelogram linkage. Link rod 3 has a screw mechanism to adjust its length.
Vertical support 2 holds passive runner-type feeler 5 attached to its bottom at an adjustable
elevation angle of « and flat passive knife 6 with a length of | attached behind the feeler and
vectored at an angle of y to the line of travel (V). All moving members of the scalper are
connected to each other with hinge joints 8, while link rods 3 and 4 are in addition connected

with spring mechanism 7.
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Fig. 1.Design and process flow schematic model of the root crown scalper: 1 — frame,
2 —support; 3 and 4 — link, 5 — passive runner-type feeler, 6 — flat passive knife, 7 — spring
mechanism, 8 — hinge, 9 — root.

The root crown scalper operates as follows. During its movement along the planted row of
sugar beet roots, feeler 5 runs into root 9 and while travelling over its crown raises vertical
support 2 with knife 6 upwards. By the time, when the rear part of the feeler reaches the tip of
the crown, knife 6 finally settles at the needed scalping height. During the following
translational movement of the scalper, knife 6 scalps flat the root crown.

Depending on the clearances h;, and b, the root crown scalping height changes. The values of
the clearances are stipulated by the statistical sizes of the sugar beet roots and adjusted
individually for each beet field. Spring mechanism 7 is employed to dampen the galloping of
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the scalper’s moving part, when it travels over the root crowns reaching different heights, — it
presses feeler 5 down to root crown 9.

Based on the statistical dimension and mass properties of the sugar beet roots and their
positions in the planted rows, some of the main design parameters of the scalper can be
assumed as required by the design or calculated using relatively simple established
dependencies. Thus, the feeler’s width B is assumed to be within B = 160...210 mm; Hy —
feeler 5 front end setting height is selected to be greater than the elevation of sugar beet root 9
above the soil surface level and it cannot be less than 150...170 mm; H — elevation of lower
hinge joint 8 in the parallelogram carrier is selected in accordance with the design and it must
be within 250...350 mm. At the same time, the elevation H must be sufficient to provide a
haulm gatherer transport clearance of at least 300 mm. The length of feeler 5 depends on the
maximum elevation of root crown 9 and can be determined using the following dependency:

— He
Lk " sina (l)
The vertical clearance hx between knife 6 and feeler 5 depends on the elevation of the beet
root crown and must be within 10...50 mm. The horizontal clearance b between feeler 5 and
knife 6 depends on the maximum diameter of the crown of root 9 and ranges within b = 0...80
mm. The angle y must ensure secure sliding of the scalped root crown and other crop residues

off the blade of knife 6. This can be found from the following formula:
y=90°- g, @)

whereg — angle of repose of haulm on the knife blade 45°>¢> 40°.

The length | of knife 6 can be derived from the following dependency:
__ B+2a

cos ¢’ (3)

wherea — overlap of knife 6 and the width of feeler 5, selected according to the design.

The effective operation of such a design of haulm gatherer can be expected only when the
force parameters of the interaction between the passive feeler and the root crown comply with
the requirement to avoid dislodging the latter from the soil in the course of operation and
ensure minimum damage of the roots under high travel speed.

In the next section we build a mathematical model of the interaction between a passive feeler
and a root crown rigidly fixed in the ground. As the operation of a scalper always involves the
feeler striking at the root crown, it would be necessary to study the effect that the design and
force parameters of the scalper have on its performance quality.

Theory and modelling

Let’s analyse the process of interaction between the passive feeler and the root, when the
former moves along the planted row of sugar beet and makes contact with the latter’s still
standing crown at point A (Fig. 2). It is assumed that the feeler inclined at an angle « to the
horizontal strikes the beet root crown during its translational movement.

Let’s find the total force Q acting on the beet root crown, when the feeler strikes it. The force
will be equal to the algebraic sum of the projections of all forces applied at contact point A on
axis n:

Q = Fs¢+mgcosa+P, + F 4)
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Fig. 2. Force diagram of interaction between passive feeler and beet root.

Now we are going to generate the differential equation of motion of the feeler running into the
beet root crown. According to the fundamental law of dynamics (Dreizler&Liidde, 2010), the

following differential equation can be given:
av or  mdv =Qdt (5)

24V 5
dt Q

wherem — reduced mass of the beet root crown scalper at point A.
Taking the integral of equation (6) from t = Oto t = t,(wheret— time of action of the impact),

we obtain:
mdV = |Qadt (6)

Se—_<
O t—y

or
P, dt+ [ Fdt+[mgcosa dt @)
0 0

O Sy A

M -V, )= [E, dt+
0

whereV, — the feeler’s speed before the impact; V — the feeler’s speed after the impact.
According to the mean value theorem from the integral calculus course (Pogorely et al.,

1983), the following can be derived:
(8)

m(\7 _\7‘)): j. Ifs,t, dt + F_>n.med.
0

t+F_, -T+Mgcoso T,
whereP, meq. — mean value of force P, on interval [0, 7]; Fmneq.— mean value of force Fon

interval [0, 7].
As 7 — 0 in case of an impact, we have:
m\V-V,)=5+ iMP, ey, T+ lIMF T+ [iirgm_gCOSa T, 9)
where impact momentum
(10)

S= Iﬂ)l!FsL dt
The three last limits in expression (9) are equal to zero, because Py, meg.andFmeq vary arbitrarily,
while force mgcos o does not change at all, hence, in time interval [0, 7], where r — 0, we can

consider them to be almost constantly finite quantities.
Thus, taking into consideration expressions (10), we finally obtain:

m{/ -V, )=S

whereS — impact momentum vector directed along the common normal line n drawn through

(11)

the feeler and the root crown at contact point A.
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If we know such values as ¢ — coefficient of restitution for the impact of the feeler on the
root crown and o — angle between the impact direction and the feeler plane, then we can find
the impact momentum in accordance with the established theory of impact (Bulgakov, 2002).

Fig. 3.Equivalent schematic model of impact of the feeler on a beet root crown.

To find them, let’s examine again the impact of the feeler on the root crown. We have drawn
an equivalent schematic model, in which a system of coordinates Azn is shown as well as the
vectors of speed before and after the impact of the feeler on the root crown (Fig. 3). In this
model, as mentioned earlier, V,— the feeler’s speed before the impact; V — the feeler’s speed
after the impact; S — impact momentum vector.

After mathematical transformations, we obtain the following equations:

V, cosa cos 8 _cosa_cosﬁ _cotp

= = = 12
V,sinfsina cosa sinff tana (12)
if cotf = stana, then 8 = cot™(¢tana);
S=m(l+¢)V,sina (13)
wherem — reduced mass of the beet root crown scalper at point A,
F.. ~6m(+¢&)V sina, (14)

wherem — reduced mass of the scalper at point A; ¢ — coefficient of restitution; V, — travelling
speed; a — feeler’s elevation angle, and

P+ |:)+\/(F>n +FY +240m(L+g)V?

12m(L+e)V? 4o

o =arcsin

Results and discussion

Thus, we have analytically found the law that allows us to determine the optimal kinematic
and design parameters for the feeling unit of a standing root crown scalper. To put these
equations to use it is necessary to know the reduced mass of the scalper — m, the coefficient of
restitution of the feeler striking on the beet root crown — &, and the forces — P, and F, which
will depend on the specific engineering solution.

Now we can carry out the numerical calculation of expression (15). The calculation will
be based on the following values of the constituent parameters: P, =98 N, F = 18 N, m = 18
kg, ¢ = 0.72. Considering the condition 0 <a<z/2, we obtain the interval 0 <a< 1.006 rad or 0
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<a< 57.667°, on which effective values of the speed V, exist. The curve generated as a result
of the numerical calculations is presented in Fig. 4, where the values of angle «a in radians are
shown.

From the graph in Fig. 4, we can conclude that the efficient feeling of root crowns takes place
at a travel speed of V = 2 m s™and a comb feeler elevation angle of & = 0.3 rad (or 17°).
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Fig. 4. Relation between feeler elevation angle a and translational motion speed V,
(Bulgakov, 2002).
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We have tested the operating efficiency of the new design of the sugar beet root crown scalper
experimentally under field conditions. Fig. 5 shows the appearance of a row of roots after the
scalper made a pass along it (the white line shows the centre line of the planted row of sugar
beet).

It has been found that, despite the impact interaction between the passive feeler and the beet
root, dislodging of the latter from the ground is virtually absent.

Meanwhile, the main measure of quality of the scalper’s operation is the amount of the tops
left on the beet root crowns, which in the test were collected from a unit of area of the planted
row equal to 1 m? and weighed on electronic scales.

Fig. 5.Row of sugar beet roots after scalping.

The results obtained from the field trial and processed on a PC enabled us to plot diagrams
that showed the dependencies between the amount of the haulm (uncut parts) left on the root
crowns after their scalping and the design and kinematic parameters (Fig. 6). The angles of
inclination of the passive feeler of the root crown scalper were set within a range of o =
15...17°, the cutting height varied within a range of 0.03...0.12 m, while the translational
movement speed V changed from 1.2 ms® to 2.0 ms™.
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Fig. 6. Amount of haulm left on beet roots Yas a function of preset cutting height h and
translational movement speed V: 1 -V=0.7ms"%2-V=12ms%; 3-Vv=20ms™

Figure 6 shows that the dependencies of haulm remaining on installation height and speed
were close to linear. When the cutting height h was set below 0.03 m, the scalper became
virtually inoperative; hence, the lowest value of this design parameter should be within a
range of 0.05 m to 0.07 m. Using other values of this design parameter resulted in a
considerable increase of the amount of haulm (uncut parts) left on the beet root crowns.
Although the highest quality of sugar beet root crown scalping with the removal of haulm
remains was achieved at a scalper travelling speed of 0.7 m s, the process parameters
stipulate that the working speed (which has to conform with the haulm gatherer’s working
travelling speed) should be close to 2.0 m s™*, which would increase, the amount of haulm left
on the root crowns.

The overall measures of quality of the sugar beet root crown scalping performed by the new
design scalper were, according to the results of the field experimental studies, as follows: root
dislodging from soil — 0...0.5%, root mass loss — 2.0...2.5%, root crown surface damage —
0...1%, amount of normally scalped crowns — 95...98%.

Conclusions
A new design of standing sugar beet root crown scalper has been developed, its experimental
analysis and field testing have produced positive results supporting the operating efficiency
and high quality of the tool.First, the analytical mathematical model of the process of
interaction between a passive feeler and a sugar beet root crown was generated. For this
purpose, the force diagram of the interaction between a passive feeler and the spherical
surface of a beet root crown and the equivalent schematic model of their impact was drawn
out. All forces acting during the impact contact and the speeds before and after the impact
were applied at the points of contact in these diagrams. Thereafter, the impact momentum was
determined and the conditions needed for the effective feeling and scalping of the standing
root’s crown without dislodging the root from the soil were established. The numerical
calculation of the derived analytical expression performed on a PC facilitated the plotting of a
curve, which showed efficient root crown feeling to be at a scalper travelling speed of V = 2
m s and its passive comb feeler elevation angle of a = 0.3 rad (or 17°).
The obtained values of the design and kinematic parameters of the scalper that removes the
haulm remains off the root crowns allow us to achieve operation quality measures (root
dislodging from soil — 0...0.5%, root mass loss — 2.0...2.5%, root crown surface damage —
0...1%, amount of normally scalped crowns — 95...98%).
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Abstract

Winter wheat is a very important field crop on the arable lands in Croatia and Bosnia and
Herzegovina (B&H).Wheat production is often characterized by significant yield variations,
as affected by unfavorable weather conditions. The aim of this study was to analyze wheat
yield in relation to weather data (precipitation and mean airtemperature) in Croatia and B&H
in the 2012/2013, 2013/2014 and 2014/2015 growing seasons.The data from four
meteorological stations in Croatia situated in the east and north of the country and data from
four stations in the northern B&H were analyzed. Average wheat yields were 4.9, 4.2 and 5.4
t ha' (Croatia), and 3.9,2.9 and3.5 t ha'(B&H),for harvest in 2013, 2014 and 2015,
respectively.The 2013/2014 growing season was less favorable for winter wheat growingas
precipitationsums in the October-June period were considerably higher compared to the long-
term reference mean (1961 — 1990), while mean air temperatures were significantly higher.
The main cause of lower yields in 2014 for both countries was excessive precipitation in the
period April-June, in some places also accompanied with floods. In the remaining two
growing seasons, precipitations in both countries were mainly favorable distributed and
temperatures somewhat lower compared to the 2013/2014 season.

Key words:wheat yield,precipitation, temperature, Croatia, Bosnia and Herzegovina

Introduction

Winter wheat is a very important field crop on the arable lands in Croatia, where is the second
ranked crop, and Bosnia and Herzegovina (B&H) as well.Degree of arable land utilization
becomes a serious problem of agriculture in both countries, because significant share of arable
land is unfarmed.In the 2001-2010 period, wheat was grown in Croatia on 184 500ha on
average with the mean yield 4.42 t ha™, and on about 74 000 ha in B&H with average yield
3.12 t ha™. According to the available statistical data (FAOSTAT, 2016, CBS, 2016) vield
variations among years for mentioned ten year period were from 2.96 to 5.50t ha™* in Croatia
and from 2.26 to 3.78 t ha™ in B&H.Such yield variation is attributed to weather conditions,
especially precipitation and temperature regimes. The lower yields of wheat are usually
connected to precipitation deviation, either by excessive precipitation in autumn/winter period
or drought periods in growth stages from stem elongation to ripening (Dencicet al., 2000;
Gupta et al., 2008; Marijanovicet al., 2010; Pepo and Kovacevic, 2011; Jolankai and Birkas,
2013;Majdancicet al., 2016).Variation of yields among years is also associated with recently
climate change which has often adverse influences on field crops yields (Adams, R. M.et al.,
1998; IPCC, 2007; Kovacevicet al., 2013).

Aim of this study was survey of wheat yield in relation to weather data (precipitation and
mean air-temperature) in Croatia and B&H in the 2012/2013, 2013/2014 and 2014/2015
growing seasons with emphasis on climate change.
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Material and methods

Meteorological data, precipitation and mean air-temperatures were provided by courtesy of
State Hydrometerological Service in Zagreb (Croatia), Federal Hydrometeorological Institute
in Sarajevo (entity of Federation of Bosnia and Herzegovina) and Hydrometerological
Institute of Republic of Srpska in Banja Luka (entity of Republic of Srpska, Bosnia and
Herzegovina).Data were collected from eight meteorological stations of which four are in
Croatia (Osijek, Bjelovar, Sisak and Varazdin), and four in B&H(Bijeljina, Tuzla, Banja Luka
and Bihac¢). Those towns are situated in the east, the central and the north part of Croatia in
Pannonian region and in northern Bosnia, representing the main wheat growing area in both
countries. Meteorological data were compared with reference long term mean (1961-1990).
Database of FAOSTAT and Croatian Bureau of Statistics were used as sources of data
forwheat harvested areas and yields for analyzed period.

Results and discussion

The average wheat harvested area in Croatia in the decade 2001-2010 were 184 500 ha, while
in the last three year period 2013-2015 it was about 167 000 ha or by 10% lower, indicating
decreasing trend of wheat growing. In B&H also some reduction of wheat growing area is
present (Table 1). It can be observed that higher wheat yield is achieving in Croatia as average
wheat yield in the decade period were 4.42 t ha™ in Croatia’ while 3.12 t ha™ in B&H. In the
analyzed three-year period, average yields of wheat were also byalmost 30 % higher in
Croatia. Great yield variability was found, not only between countries, but also among three
years, especially in the last growing season. Average wheat yield in the 2015 in Croatia was
quite above average (5.4 t ha™) andby 22% highercompared to the previous ten-year mean,
while in the 2014 it was 4.2 or by 5% lower. The highest annual yield of wheat in B&H
inanalyzed three-year period was 3.9 t ha™ in 2013. The lowest yield in both countrieswas
recorded in 2014 (Table 1).

Table 1. Arable land and gardens (ALG), wheat harvested area (ha) and wheat yields (t ha™)
in the growing seasons 2012/2013 to 2014/2015 and averages for the 2001-2010 period in
Croatia and Bosnia and Herzegovina

Year of Croatia Bosnia and Herzegovina
wheat harvest ALG Wheat L ALG Wheat .

ha ha t ha ha ha t ha

Mean 2001-2010 | 859800 | 184 500 4.4 1014800 | 73700 3.1
2013 874800 | 204 500 4.9 1010000 | 67 600 3.9

2014 811100 | 156 100 4.2 1011000 | 67 600 3.0

2015 841900 | 140700 5.4 1029000 | 61900 3.5
Mean 2013-2015 | 842600 | 167 100 4.8 1016 667 | 65700 3.1

The analyzed region is characterized by typical continental climate (Berti¢, 1987).
Precipitation quantities are increasing from the east to the west and from the north toward
south, what was confirmed also in our study. Long-term mean (LTM) values of precipitation
in October-June period for diagonal-positioned towns Osijek (NE point) and Biha¢ (SW
point) is 482 mm and 982 mm, respectively (Table 2). In the lowland area of the northern
Croatia there is tendency of temperature decreasing from the east toward to the west (Osijek
7.9°C and Varazdin 7.2°C), while in the tested sites of B&H this tendency is somewhat lower
(Bijeljina 8.3°C and Biha¢ 8.0°C).

In accordance with global warming, three growing seasons included in our study were warmer
compared to LTM in average by 1.2°C, 2.4°C and 1.9°C, respectively (averages of all eight
sites for the October-June period). Increased mean air-temperatures are recorded in all months
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of winter growing season, but they were particularly high during winter period (Table 3).At
the same time, precipitation was higher byaround 20 % in all three growing season (Table 4).

Table 2. Reference values of long-term means (LTM; 1961-1990) for precipitation (mm) and
mean air-temperatures (°C) in selected sites in Croatia and B&H

LTM Month of wheat growing season Sum (mm)/
(1961-1990) Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | Mean (°C)
Osijek mm | 41 o7 52 47 40 45 o4 58 88 482
°C | 112 | 54 | 09 |-12 | 16 | 6.1 | 113|165 | 195 7.9
Bjelovar mm | 55 85 61 50 | 47 54 63 79 96 590
°C |104 | 52 | 06 |-11 ] 16 | 6.0 | 10.8 | 15.6 | 18.7 7.5
Sisak mm | 64 90 68 52 50 58 73 82 91 628
°C 108 | 56 | 1.0 | -07 | 19 | 6.3 | 11.1 | 158 | 19.1 7.9
Varazdin |™M 69 83 58 | 45 | 45 55 70 84 | 98 607
°C | 101 | 49 | 05 | -13 | 1.3 | 54 | 10.3 | 15.1 | 18.3 7.2
Bijeljina mm | 75 77 59 82 52 49 68 81 86 629
°C |121 |56 | 20 |-11| 19 | 6.8 | 11.0 | 16.3 | 198 8.3
Tuzla mm | 56 71 72 59 55 61 76 92 | 111 653
°C |106| 56 | 09 | -08 | 1.7 | 57 | 104 | 148|178 7.4
Banja mm | 72 91 86 69 63 79 87 98 | 111 756
Luka °C 108 | 59 | 12 | 07 | 19 | 6.1 | 109 | 156 | 18.9 8.0
Bihac mm | 109 | 146 | 111 | 86 91 99 | 115 | 116 | 109 982
°C |113)| 63 | 1.7 | 03 | 23 | 6.1 | 10.7 | 151 | 183 8.0

Sum of precipitation and theirs monthly distribution was different among analyzed localities
and years (Table 3), but the 2013/2014 growing season was very specific regarding winter
wheat growing andless favorable compared to the other two season. Consequently, in both
countries the lowest yield was achieved in the 2014 (Table 1).Precipitation and temperature in
the October-June period for this season quite deviated from LTM, especially regarding
precipitation distribution, so the main cause of lower yields in 2014 for both countries was
excessive precipitation in the period April-June, in some places also accompanied with floods.
The greatest deviation was found for Tuzla region, where in that three-month period was
recorded more than a double sum of precipitation in comparison with reference LTM (590 vs.
279 mm). In Banja Luka precipitation was higher by 79 %, inBijeljina by 71 %, in Osijek by
66 %, and in Sisak by 59 %.In the east Croatia wheat yield reduction is usually associated to
precipitation surplus during autumn and winter period or drought stress in the spring period
(Iljkicet al., 2010.). The least affected regions by the flood or excessive water supply were the
areas of Biha¢ in B&H and Varazdin in Croatia (Table 3).

At the same time, in 2013/2014 growing season mean air-temperatures were unusually high,
particularly during winter and early spring period from December to March. It is well known
that in typical continental climate January is the coldest month with mean temperatures
around or below 0 °C (Table 2), but in 2014 the mean value of air temperature forthat month
in all eight analyzed localities ranged from 4°C to more than a 6°C (Table 4). Values of mean
air-temperatures for that growing season varied from 9.8 °C (Varazdin) to 10.4 °C (Bijeljina,
Banja Luka).

Wheat top dressing with nitrogen as well as protection from weeds and diseases are applied
later, due to long rain periods.

In the remaining two growing seasons, in both countries precipitation was mainly favorable
distributed and temperatures something lower compared to the 2013/2014 (Tables 3 and 4).
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Table 3. Monthly values of precipitation in eight selected sites in Croatia and B&H during
winter wheat growing seasons 2012/2013 to 2014/2015

Sum
(mm)
2012/13| 65 50 104 61 86 84 45 119 | 63 677
Osijek 2013/14| 52 64 0 52 48 39 81 159 | 91 586
2014/15| 88 9 66 74 57 51 13 113 | 17 488
2012/13| 69 79 104 | 116 75 144 56 94 53 790
Bjelovar |2013/14| 25 142 2 75 127 26 106 | 168 | 80 751
2014/15| 137 26 67 68 74 19 21 145 | 39 596
2012/13| 72 100 | 123 | 147 | 102 | 137 76 58 35 850
Sisak 2013/14| 42 173 6 56 139 48 124 | 193 | 74 855
2014/15| 137 51 94 84 102 30 50 171 | 62 781
2012/13| 109 | 108 54 122 | 128 | 113 62 96 60 852
Varazdin |2013/14| 22 215 7 49 139 10 105 | 109 | 118 | 774
2014/15| 97 46 63 76 95 16 21 165 | 79 658
2012/13| 52 62 5 58 63 74 28 182 | 57 581
Bijeljina |2013/14| 62 69 4 31 36 73 83 252 | 67 677
2014/15| 56 13 76 58 63 74 28 182 | 57 607
2012/13| 72 34 89 82 80 80 31 168 | 74 710
Tuzla 2013/14| 58 96 2 29 39 72 187 | 339 | 64 886
2014/15| 94 23 76 77 101 | 142 | 211 | 217 | 236 | 1177
2012/13| 88 78 146 94 116 89 63 120 | 54 848
2013/14| 68 156 1 52 74 91 214 | 218 | 97 971
2014/15| 117 42 83 111 91 79 54 118 | 61 756
2012/13| 130 | 166 | 193 | 169 | 221 | 160 88 98 73 | 1298
Biha¢ 2013/14| 107 | 339 20 92 176 | 144 | 187 | 199 | 87 | 1351
2014/15| 189 | 101 97 61 70 139 | 218 | 225 | 295 | 1395

Locality Year | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | June

Banja
Luka

Precipitation in the October-June period in 2012/2013were lower in the east-positioned
Bijeljina, Osijek and Tuzla (average 656 mm) compared to the remaining five towns (average
928 mm), particularly in Biha¢ (1298 mm), while values of mean air-temperature ranged from
8.2 °C in Varazdin to 9.8 °C in Bijeljina. However, in the remaining six towns, mean air-
temperature was higher with range from 8.9 °C to 9.5 °C. In that season, the highest yield in
B&H is achieved (3.9 tha™) or by 25 % higher compared to the decade (2001-2010) average
(Table 1).

In general, the growing season 2014/2015 was the most suitable for wheat growing in Croatia
compared to the previous two season, and very high average wheat yield achieved (Table 1),
while in B&H excessive precipitation in some places (Tuzla 1177 mm and Bihac 1395
mm)probably led to reduced yields in B&H. For example, precipitation in the same period in
Osijek, Bjelovar,Sisak and Varazdin was lower (Table 3). Regarding the temperature regime,
in Tuzla was something colder (mean 9.0 °C) than in remaining towns (from 9.4 °C in
Varazdin to 10.0 °C in Sisak). Weather conditions were more favorable for wheat growing
particularly in the eastern part of Croatia. For this reason, average yields of wheat in some
places in the east Croatia were about 8.0t ha™'to more than 9 t ha™(personal communication).

Table 4. Monthly values of mean air temperatures in eight selected sites in Croatia and B&H
during winter wheat growing seasons 2012/2013 to 2014/2015
|Locality | Year | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | June | Mean |
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2012/13} 121 | 90 | 04 | 21 | 29 | 52 | 131|167 | 202 | 9.1
Osijek 2013/14| 13.7 | 78 | 16 | 3.7 | 56 | 95 | 132 | 16.1 | 204 | 10.2
2014/15] 133 | 83 | 35 | 29 | 25 | 75 | 121|178 | 208 | 9.9

2012/13| 116 | 88 | 11 | 1.0 | 19 | 45 | 131 | 165|200 | 8.7
Bjelovar |2013/14| 133 | 69 | 28 | 46 | 51 | 10.2 | 13.0 | 154 | 20.1 | 10.2
2014/15| 131 | 84 | 40 | 30 | 22 | 76 | 121|172 | 208 | 9.8

2012/13| 118 | 90 | 14 | 1.3 | 18 | 50 | 134 | 165|202 | 89
Sisak 2013/14| 132 | 71 | 27 | 51 | 54 | 103 | 13.1 | 158 | 20.3 | 10.3
2014/15| 135 | 88 | 44 | 35 | 19 | 76 | 122 | 174|208 | 10.0

2012/13| 112 | 86 | 1.2 | 08 | 09 | 35 | 122 | 157 | 194 | 8.2
Varazdin [2013/14| 13.1 | 69 | 26 | 43 | 49 | 93 | 127 | 150 | 193 | 9.8
2014/15| 133 | 86 | 38 | 32 | 1.7 | 6.7 | 114|164 |198| 94

2012/13| 13.0 | 100 | 1.0 | 3.0 | 36 | 6.2 | 132|171 | 20.7| 9.8
Bijeljina |2013/14| 13.7 | 81 | 16 | 45 | 58 | 95 | 131 | 16.1 | 20.8 | 104
2014/15| 130 | 87 | 39 | 30 | 36 | 6.2 | 132|171 |20.7| 9.9

2012/13| 123 | 95 | 09 | 27 | 25 | 57 | 128 | 157 | 186 | 9.0
Tuzla 2013/14| 129 | 76 | 14 | 53 | 6.7 | 86 | 115 | 145|185 | 9.7
2014/15| 122 | 87 | 29 | 23 | 23 | 6.0 | 10.7 | 16,6 | 19.0 | 9.0

2012/13| 125 | 99 | 13 | 28 | 23 | 6.1 | 134 | 16.7 | 204 | 95
2013/14| 131 | 74 | 25 | 56 | 65 | 96 | 131 | 158 | 20.3 | 104
2014/15| 135 | 89 | 40 | 34 | 24 | 73 | 118|174 | 209 | 9.6

Banja
Luka

2012/13} 120 | 99 | 22 | 24 | 11 | 50 | 125|154 | 193 | 89
Biha¢ 2013/14| 136 | 7.1 | 36 | 64 | 60 | 9.0 | 123 | 149 | 195 | 10.3
2014/15| 135 | 9.7 | 48 | 40 | 12 | 71 | 116|173 200 | 95

Conclusions

Great wheat yield variability was found, not only between countries, but also among three
analyzed growing season. Yields of wheat in Croatia and B&H are under considerable
impacts of weather characteristics, mainly precipitation and temperature regimes.In general,
balanced monthly distribution as well as temperature regime without excessive cold or warm
periodscharacterized favorable growing seasons, whereas precipitation deviations toward
extremes in combination with the higher temperatures in the winter and/or spring are
accompanied with the lower yields.The main cause of lower yields in 2014 for both countries
was excessive precipitation in the period April-June, in some places also accompanied with
floods. Generally, higher wheat yield is achieving in Croatia.
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Abstract

The majority of smallholdersin Bosnia and Herzegovina (B&H), who areengaged in fruit
production,have a lack of experience regarding irrigation in general.lrrigation systems are
usually installed without proper guidelines, design, operation and maintenance practices
andfarmers are not familiar with scheduling techniques and proper management. This often
results in poor irrigation efficiency and unsustainable production. Due to increasingly
common transfer from extensive to intensive production systems and theincreased frequency
of drought periods, especially during the vegetation months, fruit producers in the central-
eastern, hilly areas of B&H are becoming increasinglyaware of the importance of irrigation.
To resolve the previously mentioned issues, we propose a simple tool for real-time irrigation
scheduling called Irrigation Charts. These charts are based on the Food and Agriculture
Organization (FAO) methodology for computing crop water requirements, which considers
crop characteristics, length of the growing season, soil properties and climate data
(precipitation, temperature, humidity, insolation and wind speed). The charts for day-to-day
apple irrigation guide the usershow to adjust the irrigation interval to the actual weather
conditions throughout the growing session. As the pilot study, irrigation charts for intensive
apple production atthe central-eastern hilly areasof B&H were developed by using climate
data from four meteorological stations: Zenica, Sarajevo, Gorazde and Foc¢a.With Irrigation
Charts, apple producers will be able to achieve better irrigation efficiency, better quality and
quantity of yields, leading tobetter and sustainable position in the local market.

Keywords:Irrigation, Chart, Irrigation calendar, Scheduling, Apple.

Introduction
The performance of apple in terms of crop yield, fruit size, fruit quality, storability, and long-
term productivity are highly dependent on irrigation and irrigation management. Irrigation
level and water status are known to affect yield and yield components: crop yield, fruit size
and quality, growth habit, precocity, and long-term productivity (Steduto, et al., 2012).
To avoid crop water stress, the root zone depletion should not exceed the threshold value for
no stress (lower limit). If so, the depletion will be larger than readily available water (RAW)
and the crop will experience water stress. On the other hand, to avoid water losses, the soil
water content in the root zone after an irrigation event should not exceed field capacity (upper
limit). By altering the irrigation interval during the season, one is able to keep the root zone
depletion between the lower and upper limit (Reas, et al., 2002).
In Bosnia and Herzegovina (B&H) agriculture is highly vulnerable to climate change. Higher
temperatures and changes in precipitation are reducing crop yields and increasing the
likelihood of short-term crop failures and long-term production declines (Zurovec, et
al.,2015). The positive linear trend of soil moisture deficit that have recently had its record
value (315 mm in 2012) was determined in central B&H, indicating the urgent need to start
with climate change adaptation, otherwise, agriculture of the area and therefore the people
engaged in it, will face significant negative consequences (ZurovecJasminka, et al.,2015).
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Due to increasingly common transfer from extensive to intensive production systems and the
increased frequency of drought periods, especially during the vegetation months, smallholder
fruit producers in the central-eastern, hilly areas of B&H are becoming increasingly aware of
the importance of irrigation. Due to the lack of experience, their irrigation systems are usually
installed without proper guidelines, design, operation and maintenance practices and farmers
are not familiar with scheduling techniques and proper management.

In this paper, we outline a methodology to develop, present and use irrigation scheduling
charts (calendars) that give smallholder farmerssimple guidelines on how to adjust their
irrigation during the growing session to the actual weather conditions.

Irrigation charts are based on information concerning the actual weather conditions, local and
technical aspects of the used irrigation systems and the crop response to water. The
combination of all these information results in an irrigation calendar that is specific for a
given location and adjustable to the actual weather conditions (Jabloun, et al., 2007).

Materials and methods
In this paper, tool for real-time irrigation scheduling called Irrigation Charts (Reas, et al.,
2000; 2002; Jabloun, et al., 2007) was used to create apple irrigation calendars. These
calendars are based on the Food and Agriculture Organization (FAO) methodology for
computing crop water requirements (Allen, et al., 1998), which considers climate data, crop
characteristics, length of the growing season and soil properties.
The development of irrigation calendars requires a good knowledge of the meteorological
conditions of the region, especially the reference evapotranspiration (ETo) levels that can be
expected in a 10-day period.
The ETo is derived from monthly climatic data of the central-eastern B&H by means of the
FAO Penman-Monteith equation (Allen et al. 1998) usingFAO EToCalc software. Irrigation
calendars are created throughout a soil water balance technique using CROPWAT 8.0 (Smith,
et al., 1994) software.
Apple varieties Idared (1) and Gala (G) are chosen for this research, which are frequently
grown in the study area. The data on the lengths and start dates of vegetation periods were
collected at producers’ fields. Crop evapotranspiration (ETc) is calculated by multiplying ETo
by Kc for certain apple growth stage.We used FAO crop coefficients for mature apple trees in
intensive production, with active ground cover in thearea with killing frosts (Allen et al.,
1998).
To represent the meteorological conditions for the central-eastern hilly areas of B&H,we used
the data from meteorological stations (MS)Zenica, Sarajevo, Gorazde and Foca (Table 1),
provided by Federal Hydrometeorologicaland Republic Hydrometeorological Institute.

Table 1. Location and length of time series for used meteorological stations (MS)

MS Longitude Latitude  Altitude Used time series No. of years
Zenica 17° 54’ 44°12° 344m.a.s.| 1966-2015 50
Sarajevo 18° 25’ 43°52° 630m.a.s.| 1966-2015 50
Gorazde 18° 59’ 43°40°  345m.a.s.l 1972-91 20
Foca 18° 48’ 43°30°  260m.a.s.]  1962-63; 1986-90; 2006-2015 17

Rainfall and ETo levels that are expected in 2 (2/10), 4 (4/10), 6 (6/10) and 8 (8/10) years out
of 10, were statistically derived from the 10-day rainfall and ETo records with the help of
RAINBOW (Reas, et al., 1996) software. By combining various probability levels of ETo and
rainfall, four weather conditions are distinguished; hot weather conditions without any rainfall
(2/10 ETo and no rain), dry (4/10 EToand 8/10 rain), normal (mean ETo and rain) and humid
(6/10 ETo and 2/10 rain) weather conditions.
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The critical depletion or factor p is a function of the evaporation power of the atmosphere and
it depends of ETo level. In this study, p was calculated based on methodology by Allen et al.
(1998), for all four ETo levels.

Soil characteristics in the analyzed area are represented through available water content in one
meterlayer amounting 200 mm of totally available water (TAW), which is in average 100 mm
of RAW.At the beginning of the vegetation period, the soil water content is considered to be
at field capacity (FC) as a result of a pre-irrigation or spring rainfall.

The charts are developed for drip irrigation, which is the most frequently used method of
irrigation in intensive apple orchards in the central-eastern hilly areas of B&H.

For the design of apple irrigation scheduling charts, the application depth is considered as
fixed. Fixed application depths in combination with a variable irrigation interval results in an
efficient use of the irrigation water (Reas, et al., 2000). Since the net irrigation water
requirement during the peak period at this area is about 7 mm/day, 70 m®ha is selected as the
net application depth in this study. The gross application depth, the irrigation depth applied by
the producers, will be determined in an operation phase when irrigation efficiency at field
level will be considered.

Results and discussion
The used crop coefficients (Kcini.,KCgev.,,KKC mig. and Kc ¢ng) and field collected data on length
of the growing stages for four locations and two varieties are presented in table 2.

Table 2. Crop coefficients (Kc) and their starting dates for apple growth stages

Kc for growth stage
. }._Z; KCini KC gev KC mid KC |ate Total
Location | 5 05 0.5-1.2 1.2 1.2-0.95 | (days)
Growth stage (date)
Zenica I 16.04. 01.05. 14.06. 16.09. 166
G 09.03. 30.04. 24.05. 24.08. 175
Sarajevo I 20.04. 04.05. 16.06. 19.09. 165
G 10.03. 07.05. 31.05. 26.08. 176
Gorazde I 15.04. 28.04. 11.06. 13.09. 166
G 08.03. 05.05. 29.05. 23.08. 172
Fota I 14.04. 27.04. 10.06. 11.09. 165
G 06.03. 04.05. 30.05. 21.08. 173

The designed irrigation schedule charts (calendars) consist of dependable rainfall graphs
(Graph 1-4) and drip irrigation interval tables (Table 3-7). The charts present guidelines for
adjusting the irrigation interval to the actual weather conditions for the specific apple varieties
(I - Idared; G — Gala) and locations.For the irrigation charts to be used, it is necessary to daily
monitor rainfall on field. Simple manual rain gauge can be used to measure rainfall on the
field. In order to determine the actual weather conditions, farmer records the daily amounts of
rainfall and creates a summarized decade rainfall, which is then compared with dependable
rainfall for that decadeon specific location (Graph 1-4).Depending on location, irrigation
interval can be used from irrigation interval tables for the previously determined weather
conditions (Table 3-7). The orchards should be irrigated according to the interval between two
irrigations calculated in the table for the particular weather conditions until the end of that
decade or change in weather conditions. In our case, the irrigation interval is the number of
days between irrigations, which should settle the irrigation water requirements of 7 mm. The
farmer should continue to monitor daily rainfall during the vegetation period and adjust
irrigation interval based on actual weather conditions.
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For MS Zenica, decade rainfall amounts expected during dry, normal and wet weather
conditions are shown in Graph 1. Indicative irrigation intervals are given in Table 3, for the
four considered weather conditions in a certain decade and for two apple varieties.

20 O Wet weather conditions 42
B Normal weather conditions 39 40 38
40 B Dry weather conditions 36 36 34 36
32 33 34 34 35
31 31 30
27 ® 27 | 29| 27
0o 2|23|23|%® 24 | 5 21|23 | 22
20 | 21 21 19
20 18
10
0
moomoorwomo o mowmrmomrwm o momrnm
March April May June July August September
Graph 1. Dependable rainfall at Zenica MS (mm/decade)
Table 3.Apple, drip irrigationintervalsfor MS Zenica in days
Month March April May June July August September
Decade | 1| ool [l ol ofolwm{olulwm|ilulm
Hot + Dry 2 2
<_c§ Dry 3
O | Normal 5
Wet 5
- |Hot+Dry [3 Z 3
© | Dry 5 |2 2 3[5
S [ Normal 3 4 |5
Wet 5

For the area of MS Sarajevo, dependable decade rainfall amounts are given in Graph 2, and
irrigation intervals for Idared and Gala apple varieties in Table 4.

50 OWet weather conditions

45 mNormal weather conditions 40 42 40 42 42
M@ Dry weather conditions 38 38

40 34 35 35 36 36 35 35

35 32 32 33 3B 3

30 25 |26 | 27| % 2| 27 25 25 | 26

24 | 25

- 22 | 23 24 - 24

20

15

10

5

0

March April May June July August September
Graph 2. Dependable rainfall at MS Sarajevo (mm/decade)

Similar values of rainfall for dry, normal and wet weather conditions between MS Zenica
(Graph 1) and Sarajevo (Graph 2) are determined.

The total length of growing periods of two analyzed apple varieties (Idared and Gala) are
differentiated only by few days (165-176), while the growth stages (Table 2) vary sometimes
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more than a month.As result, significant differences in the need and intensity of irrigation
between apple varietiesare noticeable.

Table 4. A

pple, drip irrigation intervals for MS Sarajevo in days

Month

March

April

Ma:

June

July

August

September

Decade

Gala

Hot + Dry

3

Dry

Normal

Wet

Idared

Hot + Dry

Dry

Normal

3| 4
6

Wet

For the area of MS Gorazde, dependable decade rainfall amounts are given in Graph 3, and
irrigation intervals in Table 5.

50 Owet weather conditions
45 B Normal weather conditions
40 lDryweatherconditsiTs " 35 37 35
33 33
35 36 31 31 32 3B 31 g5 32 32 3
30
24 24 | 53 24 | 25 | 53 24 23
22 22
25 9p 21 21|27 | 22 20 19 19
20
15
10
5
0
| (T O | 1 T T | A 1 A | N | | N m o oonoomornwm
March April May June July August September
Graph 3. Dependable rainfall at MS Gorazde (mm/decade)
Table 5. Apple, drip irrigation intervals for MS Gorazde in days
Month March April Ma June July August September
Decade |1l [ilulw [ oJulw{olulwmololwmalolwm|i]lu]m
Hot + Dry 4
ng Dry
O | Normal
Wet
= Hot + Dry
£ | Dry
S | Normal
Wet

Compared to other MS rainfall for dry, normal and wet weather conditions at MS Foca are
slightly lower, especially for August.
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Graph 4. Dependable rainfall at MS Foca (mm/decade)

Table 6. Apple, drip irrigation intervals for MS Foca in days

Month March April Ma June July August September
Decade | Ul ol ool [l o lulw ool wm [ alolm[or]n]m
Hot + Dry 2
Dry
Normal
Wet
Hot + Dry
Dry
Normal
Wet

Gala

Idared

By comparing irrigation intervals between analyzed locations,we can say that the largest
needs for irrigation is at the MS Foca. At this location,daily irrigation for both varieties during
the normal weather condition is required by the third decade of June and lasts for the next two
or three decades. In MS Gorazde daily irrigation is required only for Idared and only in the
third week of June under normal conditions, while MS Sarajevo and Zenica do not have any
decade with daily irrigation requirements.

Conclusion
Based on the analysis of dependable rainfall for four locations, similar values of rainfall for
dry, normal and wet weather conditions between MS Zenica and Sarajevowere
determined.Compared to them,values for MS Gorazde and Foca are slightly lower.
Growing periods of two analyzed apple varieties (Idared and Gala) are differentiated by few
days (165-176).However, significant differences in the need and intensity of irrigation are
noticeablefrom the irrigation intervals charts.
The largest needs for irrigation is at the MS Foca, where daily irrigation for both varieties
during the normal weather condition is required by the third decade of June and lasts for the
next two or three decades. In MS Gorazde daily irrigation is required only for Idared and only
in the third week of June under normal conditions, while MS Sarajevo and Zenica do not have
any decade with daily irrigation requirements.
Based on the results of this study, significant differences in the need and intensity of irrigation
between locations and varieties in the central-eastern hilly area of B&H highlight the
importance of irrigationapproach in the local level and the need ofsimple tools such as the
Irrigation Chart.
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Abstract

In a two-year field experiment, the effect of liming with Ca(OH), was studied at rates of 1;
2,5 and 5 t/ha on the content of total sugars, titratable acidity and pH in the grapes of varieties
Sauvignon Blanc, Chardonnay, Cabernet Sauvignon and Merlot, planted on Chromic luvisols
in the land of Mezek village, Svilengrad municipality, Bulgaria. The grapes of all varieties
were studied immediately after harvest in technological maturity, simultaneously with the
mass harvesting of the variety in the vineyards, where was the lime experiment. Generally in
the white varieties, liming causes increase in the level of total sugars. Relatively stable is the
tendency to reduce the content of titratable acids, simultaneously with increase of the lime
rate. During the second year, increase in the content of total sugars and reduction of the level
of titratable acids in the white varieties was found only in the highest applied ameliorative
lime rate of 5 t/ha. Liming affects technological indicators of the grapes mainly in the white
studied varieties and causes an increase in the content of total sugars and reduce the titratable
acidity.

Key words: Liming, Wine grape varieties, Sugars, Titratable acids

Introduction
The creation of large vineyards in the wide area of Sakar mountain in southeastern Bulgaria
in recent years, and the fact, that the most of them not only entered in active fruiting, but also
established themselves as brands of the wine market, has led to expansion of the vineyards
area, as a result were planted and areas with limited suitability for this type of production. The
soil in these terrains are usually located on hilly areas, which as a result of erosion, there is
too wide variety of their properties. This affects the depth of the soil profile, soil texture,
amount and type of skeletal materials and their distribution in the depth of the soil profile and
other factors with significant impact on the quality of the vineyards. In fact, the diversity of
the region in regard to the following characteristics is its essential feature and defines its
individuality.
The soil acidity, considered in this context also characterized by very wide variety of the
elements, which determining them.
The concept of the chemical amelioration of the vineyards, in the research area must be built
precisely on the requirement to provide minimum sufficient calcium and magnesium levels in
the soil, which are necessary to overcome the deficit of them as nutrients and ions, defining
the point and sustainability of acid-alkaline balance in the soil (Totev and Palaveev, 1979).
The practice of planting large part of modern plantations of vineyards in the country on
genetically acid soils, the proven in recent years unfavorable affect of the soil acidity of on the
quality of wine grapes (Soyer et al., 1995) and higher requirements of the modern and most
often introduced pad combinations to the soil quality (Roberto, et al., 1991) resumed the
actuality of this task, and its technological complexity called the need to test new chemical
meliorants for liming.
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Materials and methods
The studies have been conducted in a two-year field experiment in vineyards in Mezek
village, Svilengrad municipality, Bulgaria. The the experiment was set by the method of
Shanin, 1965, as in the distribution of the variants was included control variant without
fertilization and liming, variant without liming, but with combined nitrogen, phosphorus and
potassium fertilization, and three increasing rates of liming with hydrated lime (BS EN 459-1
CL 90-S) - 1, 2,5 and 5 t/ha.
The content of CaO in the used by us hydrated lime, determined after reaction of the starting
material with HCI and a subsequent titration with NaOH, at bromtimolblau indicator was
94%. Each variants was in three repetitions. The experiment was set after the end of the third
vegetation. All varieties included in the study were planted on the pad Berlandieri X Riparia,
selection Openhaim 4 (SO4). Meliorants were applied in the period from August to
September. One month after liming were applied phosphorus and potassium fertilizers, in the
form respectively of triple superphosphate and potassium sulphate, and nitrogen fertilizer in
the form of NH4;NO3 was applied in February, before the next vegetation.
The grapes of the four varieties were studied immediately after harvest in technological
maturity, simultaneously with the mass harvesting of the variety in the vineyards, where was
the lime experiment.
Harvested grapes was analyzed to determine the content of total sugars (BDS 7169:1989),
titratable acids in the grapes (fresh weight) were analyzed titrimetrically with NaOH in
indicator phenolphthalein and pH in grapes of wine varieties.

Results and discussion
The effect of liming on the content of total sugars, titratable acidity and pH of the grapes was
studied. The data are shown in Table 1. The effect of the factor "liming" on the main
technological indicators of the grapes was evaluated by ANOVA of replications, formed for
each of the studied four varieties. In the role of factor variables are set the year of sampling
(first and second) and the applicable rate of liming (0, 1, 2,5 and 5 t/ha).
The liming has a proven effect on the content of total sugars and titratable acids, but did not
affect the pH of the grapes of variety Chardonnay. The impact on the amount of the sugars
increased on average by about 1,5-2% total for limed varieties, as the effect was tangible in
high lime rates — 2,5 and 5 t/ha. As a result of liming, the titratable acids decreased from 6 to
about 3 mg/l by increasing the rate of the ameliorant, as dependence was with characteristics
approaching to linear. Proven differences between the measurements in two consecutive years
of measurement were not found.
In the variety Sauvignon Blanc, statistically proven differences between limed variants and
the variants without liming were not found in terms of the three studied indicators. There is a
tendency to increase the content of total sugars, but the tendency is disturbed by the result,
obtained by applying the rate of 2,5 t/ha lime material, which found lower sugar content
compared to the control variant without liming. If excluded this value, the difference between
limed variants and the variants without liming becomes essential.
In the variety Merlot, the average content of total sugars content is increased with increase of
the lime rate, but the titratable acidity and pH of the grapes reduced. These tendencies are
prominent, but the differences between limed variants and the variants without liming
indicators were not statistically proven under the criteria of the set level of guarantee
probability of 95%.
In the variety Cabernet Sauvignon, in the variants with liming was found statistically proven
lower levels of total sugars, compared with the control variant. The difference was on average
less than 1% between limed variants and the variants without liming. Liming did not lead to
proven differences in terms of titratable acidity and pH of the grapes for this variety.
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Table 1. Contents of total sugars [%], titratable acids [mg] and pH of the grapes of varieties
Chardonnay, Sauvignon Blanc, Merlot and Cabernet Sauvignon, depends on the liming rate
with hydrated lime

Year |Direction of growth Variety l:—ggrg}ﬁg) Total sugars % Titratable acids (mg) pH (grape)
1 2 3 4 5 6 7
1 White Chardonnay 21.6 7.41 3.57

1 214 6.76 3.20

2.5 24.1 4.37 3.60

5 236 3.82 3.50

Sauvignon Blanc 21.9 5.52 3.67
1 23.4 5.72 3.90

25 22.0 7.57 4.40

5 24.8 5.84 3.40

Red Cabernet Sauvignon 24.0 5.25 4.43
1 22.3 5.28 4.10

25 20.9 5.93 4.40

5 222 5.84 4.30

Merlot 25.0 5.51 3.93

1 24.9 5.22 3.50

25 26.3 5.61 4.30

5 26.9 4.77 4.20

2 White Chardonnay 21.2 7.36 3.50
1 20.4 6.49 3.20

25 225 4.85 3.50

5 219 3.80 3.20

Sauvignon Blanc 215 5.39 3.57
1 225 5.63 3.60

2.5 20.9 7.28 4.30

5 23.1 5.74 3.40

Red Cabernet Sauvignon 23.3 5.66 4.23
1 20.9 5.23 4.10

25 20.4 5.53 4.10

5 21.6 5.16 4.10

Merlot 24.6 6.04 3.80

1 24.9 5.42 3.60

25 24.3 5.58 4.00

5 26.1 4,14 4.00

The contradictory results, obtained about the effect of the liming on the composition of the
grapes, assessed separately for each of the studied varieties gave us the idea to analyze the
effect of conducted liming on a more generalized samples, as unite white and red varieties and
apply the same model of variance single factor analysis at a level of guarantee probability of
95%, however separate the replications, formed by the two years of sampling.

The results can be summarized as follows:
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Overall in white varieties liming in the specified level of significance, caused proven increase
in the level of total sugars, as in the control variant without liming was average 21,75%, in
liming at rate of 1 t/ha — 22,40%, and in higher rates reached respectively 23,05 and 24,2%.
The effect on the titratable acidity and pH of the grapes was unproven at the specified level of
significance.

During the second year, increase in the content of total sugars and decrease of the level of
titratable acidity in white varieties was found only at the highest applied ameliorative lime
rate of 5 t/ha. In the other variants with lower lime rates applied did not affect the studied
indicators of the grapes.

Proven effect of liming on the indicators, characterizing the composition of the grapes in the
red varieties was not found, as well in the first and in the second year of the study.

The unbalanced application of high rates of calcium containing ameliorants in the soils,
characterized by strong deficit of bases in exchange easily mobile exchangeable form in the
complex can lead to higher than optimum ratio between the two elements in the foliage. The
application of calcium containing ameliorants increases the degree of heterogeneity of the
calcium content in the foliage. The reason for it is probably due to positional inaccessibility of
the lime materials in the soil.

The increased rate of absorption of Ca in the foliage of the vines leads to increase the intensity
of the entrance of magnesium, independently, that its level in the soil did not change.
(Valcheva and Trendafilov, 2015), which lead to proven change in the technological
indicators of the grape, mainly in the white studied varieties.

Conclusions
Overall in white varieties liming caused proven increase in the level of total sugars, as in the
control variant without liming was average 21,75%, in liming at rate of 1 t/ha — 22,40%, and
in higher rates reached respectively 23,05 and 24,2%. The effect on the titratable acidity and
pH of the grapes was unproven at the specified level of significance.
Liming affects technological indicators of the grapes mainly in the white studied varieties and
causes an increase in the content of total sugars and reduce the titratable acidity. In red
varieties proven dependencies in this direction was not found.
Relatively stable is the tendency to reduce the content of titratable acids, simultaneously with
increase of the lime rate.
During the second year, increase in the content of total sugars and reduction of the level of
titratable acids in the white varieties was found only in the highest applied ameliorative lime
rate of 5 t/ha.
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Abstract
This research was conducted to compare feed quality characteristics of some silage corn
varieties in the irrigated experimental field of the Agricultural Research and Application
Center of Igdir University in 2015. In research, ten silage corn varieties were established
according to randomized complete blocks experimental design with three replications.CP
(Crude protein), NDF (Neutral Detergent Fiber), ADF (Acid Detergent Fiber) ADL (Acid
Detergent Lignin), DMD (Dry matter digestibility), DE (Digestible energy), ME
(Metabolizable energy), DMI (Dry matter intake), and RFV (Relative feed value) of corn
varieties were determinedand results varied significantly between varieties. According to
results following values were found for different varieties: CP 8.72% (OSSK-602) with
5.98% (HIDO), NDF 52.18% (OSSK-644) with 39.51% (TK-6060), ADF 23.37% (HIDO)
with 14.72% (72 MAY 80), ADL 3.71% (OSSK-602) with 1.57% (TK 6063), DMD 74.55%
(72 MAY 80) with 66.83% (HIDO), DE 3.46 Mcal kg™ (72 MAY 80) with 3.13 Mcal kg™
(HIDO), ME 2.84 Mcal kg™ (72 MAY 80) with 2.57 Mcal kg™ (HIDO), DMI 3.04% (TK
6060) with 2.30% (OSSK 644) and RFV 62.18% (TK 6060) with 56.80% (HiDO).According
to these results OSSK-602, 72MAY 80, Shemall and RX-9292 varieties have been found to be
most suitable varieties for this area and animal feed.

Key Words:Silage corn, nutrient content, animal feed.

Introduction

When compared with the developed countries, low proportions of areas cultivated with fodder
crops within the field crop production in Turkey together with erroneous management of
pastures that does not follow proper pasture management principles and lack of improvement
in pasture areas, have resulted in an increase in the gap between the amount of coarse fodder
demanded by farms and the amount of produced coarse fodder. This has resulted in improper
nutrition of animals. The demand for quality coarse fodder is especially high in Turkey during
winters. Because of this science people and producers have been looking for alternatives
which can give much higher yields of feedstuff per unit area cultivated with fodder crops.
Corn is an advantageous plant, which has been gaining importance throughout the World as
well as in Turkey, for overcoming this gap in coarse fodder production, since it produces
higher amounts of green material per unit area, has higher amount of calories and since it is
suitable for silage productionand mechanized agriculture(Kilig, 1986; Ayaz et al., 2013).

Besides its usage in human nutrition and in various industries, increasing preference of
Corn(Zea mays L.) plant as a source of silage material in animal nutrition has resulted in an
increase in corn farming and corn production amounts both in Turkey and in the World. As of
today, the total corn cultivation area around the World totals to 183 Million hectares and the
total amount of silage corn produced is 1.008 Million tons. Meanwhile, total cultivation area
of fodder crops among all cultivated field crops in Turkey 1.862.758 hectares and the share of
corn cultivated areas within the total is 22.71%, which amounts to 423.123 hectares. Total
amount of silage corn produced from this area is 19.7 Million tons (Anonymous, 2015a).
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As known, silage is the process of acetifying fresh or wilted plant material containing
humidity, dry matter and soluble carbohydrates through lactic acid fermentation under
anaerobic conditions. Properly prepared silage feed conserves a great proportion of the
nutritional value of the green plants and provides a succulent feed material for the animals
during winters. Although silage can be made with many feed material and low-quality grass,
plants with high carbohydrate content are preferred. Thus, the quality of silage is closely
related to nutritional content rather than morphological and physiological characteristics of
the produced feedstuff. Suitability of the content of feedstuff for silage production is
determined through chemical analyses.

The aim of this research was to determine the nutritional content of 10 silage corn varieties
for animal nutrition produced under the conditions of Igdir province (Turkey).

Material and Methods

The research was conducted in experimental field of the Agricultural Research and
Application Center of the Igdir University in 2015. Ten (10) corn varieties(72 MAY 80,
OSSK-644, TK-6063, OSSK-596, TK-6060, HIDO, RX- 9292, 71 MAY 69, SHEMALL,
OSSK-602) were used in the research.Varying climatic conditions of Igdir Province, where
the research was carried out, during 6 months in 2015 are given in Table 1. According to
Table 1, monthly average amount of precipitation is 30 mm, monthly average temperature is
23.2°Cand monthly average relative humidity ratio is 44.2. Trial area is classified as clay-
loamy soil, highly-alkaline (pH: 8.6),lightly saline (EC: 1.37 dS/m),low in organic matter
(1.20%) and rich in lime content(CaCO3: %22.27).Moreover, available phosphorus and
potassium contents of the soil are determined as 51.7 ppmand 852.4, respectively (Erdogan,
2013).

Table 1.Some Climatic Features of Igdir Province in 2015 (Anonymous, 2015b)

Monthly

Average

Monthly Total Relative

Precipitation Monthly Average Temperatures (°C) Humidity
Months (mm) (%)
March 52.0 11.0 50.8
April 44.1 16.4 47.7
May 41.5 21.3 52.9
June 27.8 28.5 40.0
July 0.3 31.8 33.6
August 14.3 30.2 40.7
Average 30 23,2 442

The research was established according to randomized complete blocks experimental design
with three replications. Seeds were sownon 04.04.2015 by hand using markers with 70 cm
row spacing and 15 cm intra-row spacing distance. Each parcel area in the study was set as
17.5 m? (5 m x 3.5 m). 80 kg/ha Nand80 kg/ha P,Osphosphorus was applied at the sowing and
an additional amount of 80 kg/ha Nfertilizerwas applied when the plants reached 50 cm of
height.

Moisture content of the soil was regularly measured with soil moisture measurement device
and the plants were started to be irrigated only after 50% of the available field moisture
capacity was utilized. Irrigation was carried out by sprinklers until the plants reached a height
of 40-50 cm, and by furrows thereafter. Hoeing and weed prevention were carried out when
the plants reached 10-20 cm of height, and hoeing and middlebreaking were conducted with
the second application of nitrogen when the plants reached 40-50 cm of height. Harvest was
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carried out on 09.07.2015 and all plant samples taken from each parcel were first weighed
fresh, then kept out in the open air for a while and then dried in a drying oven set at 70°C until
their weights were stabilized. After drying, grass samples were ground in order to enable them
to pass through 1 mm sieve and feed samples were readied for quality analyses (CP, NDF,
ADF, ADL, DMD, DE, ME, DMI and RFV).

Nitrogen (N) content of the samples of used materials was determined using Kjeldahl Method
and obtained %N values were multiplied by 6.25 coefficients to determine CP (Crude Protein)
content (AOAC, 1990). NDF (Neutral Detergent Fiber), ADF (Acid Detergent Fiber) and
ADL (Acid Detergent Lignin) contents, on the other hand, were determined by the method
suggested byVan Soest et al. (1991).

Dry Matter Digestibility (DMD) was determined using the formula (DMD (%) = 88.9 — (0779
X % ADF) suggested by Oddy et al. (1983). DMD values were used in the regression equation
(DE = 0.27 + 0.0428 x DMD) developed by Fonnesbeck et al. (1984) to determineDE
(Digestible Energy) values. After this, Metabolizable Energy (ME) was calculated using the
formula (ME = 0.821 x DE) developed by Khalil et al. (1986).Dry-Matter Intake (DMI) and
Relative Feed Value (RFV) were found using the equations suggested by Sheaffer et al.,
(1995) (DMI= 120/NDF and RFV=[DMD x DMI]/1.29, respectively).

The data were exposed to GLM (General Linear Models) with SPSS (version 20) on the basis
of main effects. Mean separation were performed by using Duncan test.

Results and Discussion
CP (Crude protein) (%)
CP ratios were varied significantly between the varieties. CP ratios of corn varieties varied
between 5.98 and 8.72 and were found to be statistically significant. The highest CP ratios
were observed in OSSK 602 (8.72%) and SHEMALL (8.09%) while the lowest were seen in
HIDO (5.98%) variety.In a study conducted by Erdal et al. (2009), the highest and the lowest
CP ratios for different varieties were determined as 8.2%and 7.4%, respectively. In another
study, average CP ratios of corn plants were reported to be varying between
5.5%and8.1%(Akdeniz et al., 2004). All these results are in parallel to our findings.
CP is particularly important in silage corn production. CP must not be lower than 7.0% in
silage corn. In our research carried out under the ecological conditions of Igdir, it was
observed that CP ratios of all corn varieties studied were over 7.0%.

NDF (Neutral Detergent Fiber), ADF (Acid Detergent Fiber) and ADL (Acid Detergent
Lignin) (%)

High contents of NDF, ADF and ADL ratios in fodder crops adversely affect the quality and,
thus, preference of the feedstuff. Presence of these structures also decreases the digestibility
of the crop. Because of these reasons, it is known that NDF, ADF and ADL are undesired
structures in fodder crops (Temel et al., 2015). NDF, ADF and ADL ratios of 10 corn
varieties tried under Igdir conditions were varied between 39.51-52.18%, 14.72-23.37% and
1.57-3.71%, respectively and significant differences were observed among varieties. The
highest NDF ratio was measured in TK 6060 (39.51%) variety. The lowest ADF ratios were
observed in 72 MAY 80 (14.72%)and TK 6060(15.06%)varieties. The lowest ADL ratio was
1.57% and was observed in TK 6063 variety. In many studies conducted under different
ecologies, NDF, ADF and ADL ratios of the investigated plants were reported to show
significant differences and it was explained that these differences may be a result of different
genotypes. NDF, ADF and ADL ratios of different varieties are reported to be varying
between 38.2-46.0%, 28.3-37.7%and 8.03-15.1%, respectively (Canbolat and Karaman,
2009), 46.6-55.9%, 24.9-32.6%and 6.3-8.1%, respectively (Canbolat, 2012), 44.4-59.5%,
26.3-31.5%and 2.6-5.0%, respectively (Ergul et al. 2001). In addition, it was reported that the
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NDF content for corn plant is determined as 53.2%, while ADF ratio is 30.1% and ADL ratio
6.3% (Canbolat, 2012).

Table 2.CP, NDF, ADF, ADL, and DMDRatios of Investigated Corn Varieties According to
Dry-Matter Content

Varieties CP (%) NDF (%) ADF (%) ADL (%) DMD (%)
72 MAY 80 7,38 ab 45,43 ab 1472 e 2,28 bc 77.0a
OSSK 644 7.39ab 52,18 a 19,96 abc 2,59b 73.0ab

TK 6063 6,08 b 44,73 ab 22,19 ab 157c 71.0Db
OSSK 596 7,69 ab 47,57 ab 18,89 bcd 2,12 bc 73.3ab

TK 6060 7,10 ab 39,51 b 15,06 e 1,89 bc 77.0a

HIiDO 598b 46,69 ab 23,37a 2,61b 70.3b

RX 9292 7,19 ab 44,27 ab 17,38 cde 2,34 bc 75.0 ab
71 MAY 69 6,74 ab 49,31 ab 18,86 bcd 2,29 bc 73.6 ab
SHEMALL 8,09 ab 45,79 ab 15,62 de 2,15 bc 76.6 a
OSSK 602 8,72 a 49,29 ab 20,96 abc 371a 72.0ab

Mean 7,23 46,47 18,70 2,35 73.8

* Values indicated with different letters are significantly different at P<0,05

DMD (Dry matter digestibility) (%0)

DMD (Dry matter digestibility)values were determined to differ significantly between corn
varieties. DMD ratios of the varieties were ranged between 70.3%and 77.0%. The highest
DMD ratio was observed in 72MAY 80 variety with 77.0%while the lowest was determined in
HIDO variety with 70.3%. As known, DMD values are calculated based on ADF contents of
the feedstuff. As it can be seen in Table 2, ADF contents were varied among corn varieties
and thus the differences in DMD ratios is thought to be a reflection of this variation. In other
research conducted with different forage species, DMD ratios were determined as 76.6-87.3%
(Ergiil et al. 2001), 59.5-66.8% (Canbolat and Karman, 2009)and 63.6-69.5% (Canbolat,
2012).

DE (Digestible energy) and ME (Metabolizable energy) (Mcal kg™)

Significant differences were observed among DE (Digestible Energy) and ME (Metabolizable
Energy) values of varieties studied in the trial. Looking at Table 3, it can be seen that DE and
ME values of corn varieties ranged between 3.13-3.46 and 2.87-2.84 Mcal kg™, respectively.
The highest DE and ME amounts were observed in 72MAY80 variety as 3.46 and 2.86 Mcal
kg™, respectively Whl|e the lowest DE and ME amounts were detected in HIDO variety as
3.13 and 2.57 Mcal kg™, respectively.In other studies conducted with different fodder crops
ME amounts were reported to vary between 9.3-11.1 Mcal kg™ (Canbolatve Karaman, 2009),
9.1-10.9 1 Mcal kg™ (Canbolat, 2012) and 10.22-11.08 Mcal kg™ (Metcalf et al. 2008).

DMI (Dry matter intake) (%0)

Dry Matter Intake (DMI) ratios of corn varieties were observed to vary between 2.30% and
3.04%. Statistical comparisons among means showed that the highest DMI ratio was detected
in TK 6060 variety with 3.04% while the lowest ratios were seen in OSSK 644, OSSK 602
and 71 MAY 69 varieties with 2.30%, 2.45%and 2.46%, respectively.

RFV (Relative feed value)
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Relative Feed Values (RFVs) of the corn varieties investigated in the study were varied
between 131.3and 182.0. According to the results of Duncan Multiple Range Test which was
conducted to determine the differences between RFVs of corn varieties, the highest RFV of
182.0 was measured in TK 6060 variety while the lowest value of 131.3 was detected in
OSSK-644 variety (Table 3).Considering together with Table 2, it can be seen that varieties
with higher content of cell wall components as NDF, ADF and ADL, which make digestion
difficult, have lower RFVs and RFVs of such varieties are negatively influenced by presence
of higher amounts of such components. However, since RFVs of all investigated varieties
found to be over 100, it was determined that all feed obtained from these varieties are of high
quality. In other studies conducted in different regions with different plants RFVs are found to
be ranging from 120.3-159.9 (Canbolat and Karaman, 2009), 105.8-138.7 (Canbolat, 2012),
and 75.6-119.5 (Jahansouz et al. 2014).

Table 3.DE, ME, DMI and RFV Ratios of Corn Varieties

Varieties DE (Mcalkg?)  ME (Mcal kg™) DMI (%) RFV
72 MAY 80 3,46 a 2,84 a 2.64 ab 158,3 b
OSSK 644 3,27 cd 2,68 cd 2,30 b 1313 ¢

TK 6063 3,17 de 2,60 de 2,73 ab 152,3 bc
OSSK 596 3,31 bc 2,72 be 2,52 ab 144,3 be

TK 6060 3,44 ab 2,82 ab 3,04a 1820 a

HiDO 3,13e 2,57 e 2,58 ab 141,8 be

RX 9292 3,36 abc 2,76 abc 2,74 ab 160,3 b
71 MAY 69 3,30¢ 2,71c¢c 2,46 b 142,3 be
SHEMALL 3,44 ab 2,82 ab 2,63 ab 156,3 b
OSSK 602 3,26 cd 2,68 cd 2,45 b 138,0 be

Mean 3,31 2,72 2,61 150,69

* Values indicated with different letters are significantly different at P<0,05.

Conclusion

Some nutritional valuesof 10 corn varieties, which are widely-sowing, those are important for
animal nutrition, were determined with this research. In addition to productivity per unit area
values of the varieties,knowledge of nutritional (quality) characteristics and selection of
fodder crops to-be-produced in different regions according to these criteria is very important
for animal nutrition.

According to the findings of the study, when Crude Protein (CP), which is one of the most
important quality characteristics for animal nutrition, considered, OSSK-602 variety should
be preferred.For many other nutritional characteristics (NDF, ADF, ADL, DMD, DE, ME,
DMI and RFV) TK-6060, 72MAY80, SHEMALL and RX-9292 varieties are determined to
be more preferable than other species.
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Abstract

The first-year of a lemon verbena (Aloysia triphylla L.) crop’s growth and productivity as
affected by irrigation was investigated under field conditions in central Greece. In April 2015,
winter cuttings of lemon verbena were transplanted to an experimental field installed in Nea
Aghialos, Magnesia, central Greece. The experimental design was a completely randomized
design with three drip irrigation levels (0, 50, and 100% of potential evapotranspiration) in
four replications. The growth and final productivity of the crop was measured in three
destructive samplings of the crop during the summer of 2015. The results demonstrated the
paramount effects of irrigation on lemon verbena productivity and final yield already in the
first year of crop establishment.

Keywords: lemon verbena, irrigation, growth, evapotranspiration.

Introduction

Lemon verbena, (syn.: Aloysia citriodora A. citrodora Palau, A. triphylla, Lippia citriodora L.
triphylla) is an evergreen perennial aromatic plant. It likes warm moist conditions with plenty
of sunlight. When exposed to frost, it becomes deciduous. belongs to the Verbenaceae
family. The genus Lippia (Verbenaceae) brings together about 200 species and lemon verbena
is native in Latin America as well as North Africa (Morocco), and was introduced to Europe
during the 17th century (Carnat et al., 1999; Botta, 1979; Rotman and Mulgura Romero,
1999). Lemon verbena is an aromatic perennial shrub that is valued for its medicinal use (as a
tea or tincture) as a digestive aid, antimicrobial, antispasmodic, analgesic, diuretic plant;
besides, it is used as a treatment for cold, insomnia and anxiety (Botta, 1979; Carnat et al.,
1999; Rotman and Mulgura Romero, 1999). Antioxidant and antibacterial qualities of Aloysia
citriodora have been found in its essential oil, tea and tincture (Bilia et al., 2008; Cowan,
1999; Pereira and Meireles, 2007; Ohno et al., 2003; Sartoratto et al., 2004). This aromatic
plant has a widespread market in the western world (Di Leo Lira, et al.,2013), its compounds
have widespread uses in foods, cosmetics and household products (Catalan and Lampasona,
2002; Santos-Gomes et al., 2005). The essential oil contained in the plant and its leaves are
used in the perfume industry and the production of flavored beverages and food preparations
(Pascual, Slowing, Caretero, Mara, & Villar, 2001). In the United States, lemon verbena is
listed in Generally Regarded As Safe (GRAS) for human consumption in alcoholic beverages
(Gomes, Oliveira, Vicente, & Ferreira, 2006). Whereas very low researches have been applied
on enhancement of medicinal plants production, presenting the appropriate planting methods
is very important for increasing the quantity and quality of medicinal plants (Faroogi &
Sreeramu, 2001). The purpose of trading production of medicinal plants is obtaining further
amount of biomass in area (Nematian, Dalvandi, & Shariati, 2014). In view of the commercial
value of lemon verbena, and considering that plants can display significant genetic
biodiversity and variations in their morpho type due to differences in the edaphic or climatic
conditions of their habitat (Molina et al.,2003), it is very important that these factors are
studied and somehow controlled to ensure better yields.

The purpose of this study was to evaluate the effect of nitrogen fertilization on the growth
parameters of a lemon verbena crop.
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Materials and methods
Crop establishment

The experiment was set up in the rural area of Nea Aghialos in Central Greece (39°16'02.3"N
22°47'47.5"E) on May 5, 2015. The soil of the experlmental plots was a sandy loam one with
a pH of 6.8 and an organic carbon (C) of 1.5 g kg *. Lemon verbena cuttings (40 days old)
were obtained from a local nursery. The soil was prepared and divided into plots; each of
them was 4,2 m x 2,4 m and contained three drip rows. The cuttings were transplanted on
May 5. Distance between plants and distance between rows were both 60 cm. Twelve plots
containing a total of 216 plants were arranged in a completely randomized design with
irrigation being the main factor and nitrogen fertilization the factor split into sub-plots. Each
experimental unit consisted of three rows of plants, 0.6 m apart, with the two outer rows
serving as buffers while plants were spaced at 60 cm apart.

Fertilization

A nitrogen dressing was manually applied (100 kg ha ™) in the form of a urea fertilizer on
June 9 of 2015.

Irrigation

The amount of irrigation water was equal to 0% (rainfed — 110 mm), 50% (281 mm) and
100% (562 mm) of the recorded evaporation values of a class-A pan. Irrigation water was
applied by drip irrigation system and the irrigation interval was seven days. Surface drip
irrigation system consists of an irrigation pump connected to sand and screen filter and a
hydraulic fertilizer injection pump was used. The actual water discharge rate was 8 L h™
along the drip lines. Weed control was carried out via application of a polyethylene
transpiring mulch as this material has demonstrated a 100% efficiency in weed control among
other tested mulches according to Hoeberechts et al (2004).

Harvesting and Drying

Harvests (destructive samplings) were carried on transplant — May 5, June 29, July 29 and
finally August 28. Two plants per plot were harvested and all aerial parts of the plants were
cut 10 cm above ground and the following growth parameters were determined: plant height,
fresh weight of leaves/plant and fresh weight of stem/plant. LAl was measured via destructive
methods using a calliper. The same parameters were determined after drying plant material in
dark storage rooms on specially designed shelves. This method of drying was chosen as it is
the method most commercial growers in Greece actually use. The results of the three final
harvests are demonstrated in this paper.

Statistical analysis

All recorded values of this experiment were statistically analyzed using analysis of variance
through the Genstat Program. Means were compared using revised L.S.D. test at 0.05 levels.
The first harvest was not subjected to analysis of variance due to extensive rainfall during
June.
Results and discussion

During the second harvest (29/07/2015) none of the variables were significantly affected by
irrigation volume. During the third and final harvest (28/08/2015) irrigation volume
significantly increased LAI and dry leaf yield (Figure 1, 2). LAI means were 0.72, 1.47, 1.98
(Figure 2) and dry leaf yields were 0.87, 1.34 and 1.9 t ha™ (Figure 1) for treatments 11, 12
and 13 respectively. Plant height remained unaffected by irrigation volume throughout the
experiment. The LSD test showed that dry leaf yields of treatment 13differed greatly than the
rest during the final harvest (Table 1). Moreover the LSD test showed differences between all
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irrigation volumes regarding LAI during the final harvest. Finally, an interesting effect of
water deficiency was that plants started shedding leaves after the second harvest and LAI was
lower at the time of the third and final harvest while leaf color shifted to yellow.

Figure 1 Dry leaf yield (t ha™*) means grouped by irrigation volume during the experiment.
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Figure 2 LAI (leaf area index) means grouped by irrigation volume during the experiment.
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Table 1. Means of vegetative growth data of lemon verbena as affected by different irrigation
volumes during the experimental season.

Harvest Nitrogen Plant height LA Dry stem Dry leaf
date treatment (m) yield (t ha™) | yield (t ha)
29/06/2015 11 0,49 0,91 0,21 0,44
12 0,52 1,19 0,31 0,60
13 0,51 0,66 0,17 0,36
29/07/2015 11 0,88a 0,80a 0,77a 0,95a
12 0,87a 1,44a 0,92a 1,12a
13 1,01a 1,38a 0,98a 1,18a
28/08/2015 11 0,98a 0,87a 1,34a 0,87a
12 1,06a 1,47b 1,83a 1,34a
13 0,99a 1,98¢c 2,19a 1,90b
Conclusions

During the establishment year of the, irrigation had a significant effect on plant growth.
Future experiments for consecutive growing seasons and in different soil types are
recommended in order to assess the prospects of lemon verbena cultivation in Greece and the
possible financial interest of the crop. It seems that water is a vital input for lemon verbena
crops in central Greece as lack of it leads to a smaller vegetative period. As water becomes
scarce in the Mediterranean and nitrogen fertilization is always a cost for producers, these
inputs should be carefully calculated in terms of sustainability and cost efficiency.
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Abstract

Sunflower (Helianthus annuus L.) is one of the main crops producing the oil requirements of
the Iran. This experiment was conducted in Ardabil plain to study the effects of different
biological and chemical nutrition systems on Sunflower (Sanbro cultivars) yield, in 2013. A
factorial field experiment in a randomized complete block design with three replications was
done. The first factor was ammonium phosphate levels (zero, 150 and 300 kg ha™) and the
second factor was seed inoculation with Mycorrhiza (Glumus etanicatum), Azotobacter,
Mycorrhiza plus Azotobacter as bio-fertilizer and control without any bio-fertilizers. The
results showed that grain and oil yield of sunflower were significantly affected by ammonium
phosphate levels and biofertilizers as well. Also, there were interaction effects between
ammonium phosphate levels and bio-fertilizer types on oil percentage and oil yield. Applying
the highest levels of ammonium phosphate (300 kg ha™) had the maximum grain yield
(4584.1 kg ha*) and the minimum (2708.3 kg ha™) was obtained from control. The application
of mycorrhiza as bio-fertilizer on grain yield of sunflower was more effective than
Azetobacter and increased it to more than 500 kg ha™. Means comparison of interaction
effects between Ammonium phosphate and bio-fertilizer showed that combination use of 300
kg ha™ of ammonium phosphate with both types of bio-fertilizers compared to control without
any fertilizers could triple the oil yield.

Keywords: Sunflower, Bio-fertilizer, Chemicals, Yield, Ardabil

Introduction
Sunflower (Helianthus annuus L.) is one of the main suggested oil crops to solve edible
vegetable oil shortage in the world that seeds contain 24-49% of oil and the cake contains 25-
35% of protein (Henen, 2011). In Iran, sunflower is also one of the main crops producing the
oil requirements of the country. It has an important position in crop rotation system of many
Iranian farmlands so achieving a sustainable system for sunflower cultivation would be of
great value in agricultural management in the region. Overuse of different chemical fertilizers
is one of the causes for the degradation of environment and soil. Bio fertilizers are the newest
and most technically advanced way of supplying mineral nutrients to crops. Compared to
chemical fertilizers, their supply nutrient for plant needs, minimizes leaching, and therefore
improves fertilizer use efficiency (SeyedSharifi, 2009). Bio-fertilizers play vital role for
increasing the number of microorganisms and accelerate certain microbial process in plants
which can change the available form of many nutrients for crops (Abou-Khadrah et al., 2000).
Bio-fertilizers such as Azotobacter, have a positive effect on growth, yield and yield
component of many crops. Fertilizer management is one of the most important factors in
successful cultivation of crops affecting yield quality and quantity (Tahmasbi et al., 2011 ).
Phosphorus and nitrogen are essential elements required in sunflower cropping which can
significantly affect seed yield and oil content (Zubillaga et al., 2002). The symbiosis of plant
roots with mycorrhizal fungi is known to be one of the most ancient and widespread plant
strategies to enhance nutrient acquisition and to cope with environmental stress (Brachmann
and Parniske, 2006). The intra-radical mycelium of these soil fungi proliferates in the root
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cortex of the host plant. Extra radical Mycorrhizal fungi hyphae spread in the soil around the
root and provide the surface area by which the mycorrhizal fungi absorbs nutritional elements
such as phosphorus (P), nitrogen (N), zinc (Zn) or copper (Cu) for transport and transfer to the
host plant (Smith and Read, 2008). Therefore this study was designed to evaluate the
influence of a biofertilizers containing Azotobacter and Mycorrhiza (Glumus etanicatum) in
addition to Ammonium phosphate levels on sunflower cropping in the region of Ardabi, north
west of Iran.

Materials and methods
This experiment was conducted in Ardabil plain on the research field of University of
Mohaghegh Ardabili (Iran), with longitude of 48°15' and latitude of 38°15" and cold semi-arid
climate (Emberger method) to study the effects of different biological and chemical nutrition
systems on Sunflower (Sanbro cultivars), in 2013. A factorial field experiment was done in a
randomized complete block design with three replications. The first factor was Ammonium
phosphate levels (zero, 150 and 300 kg ha™) mixed with the soil before planting, and the
second factor was seed inoculation with Mycorrhiza (Glumus etanicatum), Azotobacter,
Mycorrhiza plus Azotobacter as bio-fertilizer and control without any bio-fertilizers.There
were 5 rows with 6 meters long in any of 27 plots with 0.6 m row spacing. At maturity, two
outer rows for each plot, 50 cm from each end of the plots, were left as borders and the middle
4 m? of the three central rows were harvested. Seeds oil was determined by Sucsilate machine
.Then oil yield was determined by following formula:
Oil yield= % oil x seed yield
All data were subjected to analysis of variance (ANOVA) and differences among treatment
means were tested by Duncan's multiple range test (at P < 0.05) using MSTAT-C software.

Results and discussion
The results showed that grain and oil yield of sunflower were significantly affected by
ammonium phosphate levels and biofertilizers as well. Also, there were interaction effects
between ammonium phosphate levels and bio-fertilizer types on oil percentage and oil yield
(table 1).
Applying the highest levels of ammonium phosphate (300 kg ha™) had the maximum grain
yield (4584.1 kg ha™) and the minimum (2708.3 kg ha™) was obtained from control (table 2).
Soleimani (2008) reported that application of nitrogen fertilizer increased grain yield of
safflower. The positive effect of phosphorus fertilizer on the yield of sunflower by Zubillaga
et al. (2002) have been reported.
The application of mycorrhiza as bio-fertilizer on grain yield of sunflower was more effective
than Azetobacter and increased it to more than 500 kg ha™(table 3). Soleimanzadeh et al.
(2010) has stated that application of mycorrhiza had an appropriate performance and could
increase grain yield and oil production of sunflower to an acceptable level, so it could be
considered as a suitable substitute for chemical phosphorus fertilizer in organic agricultural
systems.
Means comparison of interaction effects between ammonium phosphate and bio-fertilizer
showed that combination use of 300 kg ha™* of ammonium phosphate with both types of bio-
fertilizers compared to control without any fertilizers could triple the oil yield (table 4). Ekin
(2010) reports that application of chemical fertilizer with bio-fertilizer in sunflower cropping
was more profitable than single usage. Observation of sunflower oil percentage in means
comparison didn’t show a clear trend.
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Table 1. Analysis of variance for Grain yield, oil yield and Oil percentage of sunflower
under application of Ammonium phosphate levels and bio-fertilizers

Dependent variable Df Independent variable (mean square)
L Qil N
Grain yield percentage Oil yield
Replication 2 1860141/2 3/69 278278/9
’&m;n)on'”m phosphate 2 7964055/8" 16/75 1763210/9"
Bio-fertilizers (B.F.) 2 3141735/0" 6/67 736313/17
(A.P.) * (B.F.) 4 653907/5 20/60° 80519/7"
Error 16 294788/5 5/72 27460/7

*and ** show significant difference at 5 and 1%, respectively

Table 2: Effect of Ammonium phosphate levels on grain yield of sunflower

Ammonium phosphate level (kg ha™) Grain yield(kg ha™)
0 2708.3 ¢
150 3521.0 b
300 4584.1 a

Means with the same letters are not significantly different (Duncan's multiple range test)

Table 3: Effect of bio-fertilizer types on grain yield of sunflower

Bio-fertilizer type Grain yield(kg ha™)

Mycorrhiza 4164.7 a
Azotobacter 3661.4b
Control 2887.2 ¢

Means with the same letters are not significantly different (Duncan's multiple range test)

Table 4: Interaction effects between Ammonium phosphate levels and bio-fertilizer types on
oil percentage and oil yield of sunflower

Ammonium phosphate level (kg Bio-fertilizer type Oil Oil yield
ha™) percentage
Mycorrhiza 40.82 bc 1586.2 bc
0 Azotobacter 43.55 ab 1250.3 d
Control 41.85 abc 612.3 e
Mycorrhiza 42.13 abc 1522.5 bc
150 Azotobacter 38.21c 1403.7 cd
Control 41.84 abc 1325.1 cd
Mycorrhiza 44,78 a 22035 a
300 Azotobacter 45.11a 2008.2 a
Control 39.50 bc 1462 b

Means with the same letters in each column are not significantly different (Duncan's multiple range test)
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Conclusion
This research emphasizes the dominant role of chemicals with nitrogene and phosphorus in oil
crops production.Using mycorrhiza and Azotobacter as bio-fertilizers with ammonium
phosphate can increase the sunflower quantity and quality characteristics specially the oil
yield. Biofertilizers are very safe because they do not pollute the environment. They can be
very functional in sustanable agriculture.
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Abstract
The objective of the study was to determine quality changes for different carrot cultivars
during 5-month cold storage. Seven popular carrot cultivars were investigated: ‘Abledo’ F ,

‘Bastia’ F,, ‘Karotan’, ‘Kazan’ F , Sirkana’ F,, ‘Trafford” F, and ‘Warmia’. The

1
observations were performed in monthly regime, from mid-October (harvest time) till mid-

March, i.e. in five terms. The roots were stored at the temperature of 0-1°C and RH 98%. The
following items were determined: nitrate (NOs), soluble solids (°Brix) and B-carotene
contents, juice colour in CIE L*a* b* system. The results showed that soluble solids content
differed among the cultivars and the highest content was characteristic to ‘Kazan’, followed
by ‘Bastia’. Generally, an increase of soluble solids content during storage was observed.
Nitrate content in the roots was generally on a low level and during the storage the content
showed a decreasing tendency, but related to the cultivars. The lowest nitrate content showed
‘Abledo’, ‘Bastia’, ‘Karotan’ and ‘Sirkana’, and the highest content was found in ‘Trafford’.
The B-carotene content in the roots showed small decreasing tendency during storage, but
after 3 months small increase was observed. The highest content was found in ‘Abledo’ and
‘Kazan’. The L* (lightness) and a* (redness) decreased during storage, however at the end of
storage small increase of a* parameter was observed. The highest a* was characteristic to
‘Kazan’ and ‘Karotan’. The b* (yellowness) decreased during storage, however at the end of
storage small increase of the b* was observed. The highest b* value was noted for ‘Kazan’.
The cultivar was characterized also by very high pB-carotene and soluble solids contents, low
content of nitrate and high a* and b* parameters. ‘Karotan’ was also very good in this respect.

Keywords: carrot, cultivars, cold storage, quality

Introduction

Carrot (Daucus carota L.) is an important vegetable crop, consumed during the whole-year
period, in fresh or processed form. High biological value of carrot is mainly due to the
presence of carotenoid compounds in the roots. The main carotenoid in carrots are o-carotene
and B-carotene, which account for more than 90% of their total content (Mayer-Miebach and
Spiess 2003). Carotenoid content is highly differentiated among carrot cultivars and ranges
usually from 4 to 25 mg 100 g* f.w. (Rubatzky et al,1999). According to Skrede et al. (1997)
and Seroczynska et al. (2006), high carotenoid content in resulted in more reddish and darker
colour of plant flesh tissue.

Soluble sugars are the main storage compounds in carrots. They account for 34-70% of dry
weight of the roots. Sucrose is the predominant sugar in the roots at their full maturity, and
the amount reaches 3.6% f.w. Growing method or storage conditions affect the content of
sugars in carrots (Lee 1986, Seljasen et al. 2001, Gajewski et al. 2007).
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Carrot roots are prone to nitrate accumulation during the vegetation. Nitrate accumulation by
vegetable plants is of high importance to a consumer due to potential negative influence on
health. According to the Joint FAO/WHO Expert Committee on Food Additives, the
acceptable daily intake of nitrate (NO3) is on the level of 3.7 mg/kg of body weight per day,
what is the equivalent to 222 mg of nitrate per day for adult of 60 kg of body weight
(Santamaria 2005). Several factors which affect nitrate accumulation in different plants,
including fertilization, environmental conditions and harvest date, were investigated by
several authors (Gutezeit and Fink 1999, Santamaria 2005, Kona 2006).

Storage conditions are among the main factors influencing degradation of carrots quality
during postharvest (Seljasen, 2001). Mature carrots can be stored in regular cold stores for 4—
6 months, depending on the cultivar and roots initial quality. Recommended storage
conditions for carrots are: temperature of 0-1°C and 95-98% RH (Brecht, 2003). According
to Kidmose et al. (2004) and Koca and Karadeniz (2008), carotenoid content in carrot roots is
little affected by storage. Sometimes even an increase of carotenoid content is observed
(Kopas-Lane and Warthesen 1995). According to Suojala (2000) an increase of hexoses and
decrease of sucrose contents take place during storage of carrots.

The objective of the study was to determine quality changes for popular 7 cultivars of carrot
during 5-month storage in a cold store, at recommended thermal and humidity conditions. In
the study we determined following quality traits: soluble solids (°Bx), nitrate (NOgz), B-
carotene contents, as well as juice colour parameters in CIE L*a*b* system.

Material and Methods

In the study 7 carrots cultivars, listed below, were investigated. Carrot roots were obtained
from a farm localized in Tomaszoéw Lubelski region (south-east part of Poland). The plants
were grown in humus-rich black soil on ridges and fertilized with standard doses of NPK
fertilizers. Harvest time of the roots was mid-October.

Characteristics of the cultivars (data provided by Rijk Zwaan seed company): ‘Abledo’ F, -
cultivar with long, conical-shaped root, of high carotenoid, sugars and soluble solids contents.
Good for making juice and for freezing. Shows low tendency to nitrate accumulation and is
resistant to diseases of the leaves. ‘Bastia’ F, - a new cultivar, of conical-shaped roots,

intensive roots colour and of high content of sugars and soluble solids. The cultivar is
recommended for juice production and freezing. ‘Karotan’ — cultivar in ‘Flakkee’ type, high
content of carotenoid, sugars and dry matter, and low tendency to nitrate accumulation.
Standard cultivar for processing industry. ‘Kazan’ F, - cultivar of slightly conical root shape.

Roots of dark orange colour, with unprominent core. Resistant to fungi diseases and good for
freezing. ‘Sirkana’ F, - cultivar in ‘Nantes’ type, roots of intensive orange colour. Resistant to
diseases of leaves. Good for production of juice and shredded roots. ‘Trafford’ F, - cultivar in
‘Flakkee’ type. High content of sugars and soluble solids. Long roots, of intensive orange
colour. Good for freezing and juice production. ‘Warmia’ - cultivar in ‘Flakkee’ type, with
high content of sugars and soluble solids. Resistant to leaves diseases caused by Alternaria sp.
Roots used for drying and freezing, show low tendency to nitrate accumulation.

The roots were transported from the farm and put to the experimental cold store at the
University in plastic 20-kg crates (5 crates/cultivar). One crate with carrots was a replicate.
Storage conditions were: temperature of 0-1°C, 98% RH, ambient atmosphere.

The experiment was established as the two-factorial, in 5 replicates. The first factor (A) was
the cultivar (7 cultivars) and the second one (B) was storage duration - directly after harvest,
after 1-month storage, after 2-month, after 3-month, after 4-month, after 5-month.
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Following chemical analyses and measurements were performed: nitrate (NO3) content in the
roots, beta-carotene content, juice colour in CIE L*a* b* system, soluble solids content.
Analyses were performed in 5 replicates.

Soluble solids (°Bx) content was determined with the digital refractometer (Index
Instruments, UK). To obtain the juice, 6 randomly selected healthy carrot roots were chosen
for one replicate.

Nitrate (NO3) content in the roots was determined spectrophotometrically with Fiastar 5000
Analyzer (Tecator, Sweden). 10 g of fresh finely fragmented roots were extracted on
laboratory shaker with 100 ml 2% acetic acid + charcoal for 30 min. Extracts were filtered.
Data were shown as mg NOs/kg f.w.

The B-carotene content was determined with spectrophotometrical method. Carotenoid
compounds were extracted from the roots with hexane and light absorbance was determined
with the wavelength 450 nm, using UV-1201V (Shimadzu, Japan) spectrophotometer. 5 g of
fresh roots was finely fragmented with 30 g sodium sulfite Na;SO4. 50 mL of hexane was
added and the solution was put to dark place for 24 h. Then 2 mL of the extract was taken and
8 mL of hexane was added. Absorbance was measured at wavelength 450 nm, using UV-
1201V (Shimadzu, Japan) spectrophotometer. Carotenoid content, expressed as [(-carotene,

was determined with the calibration curve. Data were shown as mg-100 g ™ f.w.

To determine carrot juice colour MiniScan XE (HunterLab, USA) spectrophotometer was
used (the measure conditions: D65, 10° Observer). There were determined: L* - lightness, a* -
redness, b* - yellowness. The juice was obtained with a professional juice maker and the
measurements were done in 5 replicates.

Statistical analysis was performed with Statgraphics 4.1.Plus™ software, using two-way
ANOVA. Tukey’s HSD test was used to determine significance of differences between
means, with probability level P>0.95.

Results and Discussion
To obtain good quality carrots during prolonged period after harvest, i.e. in winter and spring
months, optimal storage conditions should be applied. However, as it is reported by many
authors (Suojala 2000, Seljasen 2001, Brecht 2003, Koca and Karadeniz, 2008), quality
degradation of the roots during storage is observed, even at cold-store conditions. In the study
we tried to determine how the cold-store conditions affect some quality parameters of carrots
cultivars which are grown for processing industry purposes, especially.

Table 1. Determined quality traits of carrot cultivars (means of storage periods)
Soluble solids Nitrate [3-carotene

1 * * *

Cultivars °Bx) (mg NO, kgfl) (Mg/100 g) L a b
Abledo 11.3a 38a 16.1c¢c 454 a 26.7ab  31.7ab

Bastia 13.0b 58 b 126 a 45.6 a 25.8a 3l4a
Karotan 11.2a 60 b 146D 456 a 275D 320b

Kazan 14.8¢c 74 b 16.0c 47.1b 28.6¢ 34.0c
Sirkana 115a 61b 13.0a 46.0 ab 25.8a 31.7ab
Trafford 116a 102 ¢ 13.6a 452 a 26.1a 31.7ab
Warmia 119a 106 ¢ 128 a 453 a 26.8 ab 31.3a

Note: means which differ significantly according to Tukey’s HSD test at P>0.95 are marked with different letters

The data obtained are shown as the means for the cultivars in Tab. 1, and as the means for the
storage periods - in Tab. 2. Also values for each cultivar at all storage terms are shown in Tab.
3. As regards soluble solids content, it can be seen that it was differentiated among the
cultivars. The highest soluble solids content was characteristic to ‘Kazan’ F;, followed by
‘Bastia’ F1 (Tab. 1). An increase of the content during storage of the roots took place (Tab. 2).
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It could be explained partly by water loss from the roots as the result of transpiration, as well
as by starch hydrolysis to simple sugars. The water loss was about 5-6% of carrots mass after
5-month storage (data not shown). Suojala (2000) reported increase of hexoses in carrots
during prolonged storage. Hexoses accumulation during storage was explained by starch
enzymatic decomposition.

Based on means of storage terms, it can be noted that the cultivars of the lowest nitrate
content were ‘Abledo’ Fy, ‘Bastia’ Fy, ‘Karotan’ and ‘Sirkana’ F;, and of the highest content
‘Trafford’ (Tab. 1). Nitrate content in the roots was generally on low level in all terms of
storage (Tab. 2). However, differences between cultivars were observed (Tab. 3). During
storage nitrate content showed decreasing tendency, but related to the cultivars. The amount
of nitrates was generally low compared to reccomended tolerable amounts of nitrate in carrots
(Santamaria 2005, Kona 2006).

The highest B-carotene content was found for ‘Abledo’ and ‘Kazan’ cultivars (Tab. 1). The -
carotene content in the roots showed small decreasing tendency during storage period, but
after 3 months of storage small increase of (-carotene was observed (Tab. 2). Similar
tendency for carotenoid content increase for stored carrots was also reported by Lee (1986)
and Kopas-Lane and Warthesen (1995).

The highest L* value (lightness) was characteristic to ‘Kazan’ and ‘Sirkana’ cultivars (Tab.
1). The L* values showed decreasing tendency during the storage period (Tab. 2). As regards
a* values, the highest values were observed for ‘Kazan’ and ‘Karotan’ cultivars. The a*
values decreased during storage period, however after 5 months of storage small increase of
a* value was observed, in general. The highest b* values were noted for ‘Kazan’. The b*
values decreased during storage of carrots, however after 5 months small increase of the b*
parameter was observed. The a* and b* values for carrots are good indices of carotenoid
presence in the roots and are very important parameters taken into account in the case of
carrots used for processing industry (eg. for juice concentrate production, freezing and drying)
(Seroczynska et al. 2006).

Table 2. Determined quality traits of carrots in relation to storage period (means of cultivars)

. Soluble solids Nitrate [-carotene * * x
Storage period (°Bx) (Mg NOs kg ) (mg 100 g ) L a b
Directly after harvest 11.3a 78.1b 15.1b 46.0ab 27.1b 325b
1 month 12.0b 719b 13.6a 465b 270b 326b
2 months 11.8b 93.4c 13.3a 452a 26.4ab 31.8ab
3 months 12.0b 51.1a 15.3b 459ab 26.7ab 3l.6ab
4 months 12.6¢c 77.3b 14.1 ab 452a 26.2a 31.3a
5 months 13.2d 55.6 a 134 a 457ab 274D 32.1a

Note: means which differ significantly according to Tukey’s HSD test at P>0.95 are marked with different letters
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Table 3. Determined quality traits of carrots in relation to the cultivar and storage period
Storage Soluble Nitrate [-carotene

period Cultivar ¢ jids (°Bx) (mg NOs;kg™?) (mg100g™) L a b*
Abledo 104 a 43 a 18.4d 46.8ab 27.7ab 33.4b
Bastia 11.7 ab 65 ab 11.0a 455a 254a 3l6a
Directly Karotan 109a 99 ¢ 149b 46.2ab 29.0b 33.3b
after Kazan 12.7b 73b 15.9 bc 46.3ab 27.6ab 32.8ab
harvest Sirkana 11.0a 45a 16.6 cd 46.1ab 26.2ab 32.2ab
Trafford 11.2a 84c 14.1b 457a 264ab 324ab
Warmia 11.2a 138d 149b 457a 27.2ab 31.7a
Abledo 114a 44 a 15.3b 46.6ab 27.1ab 324ab
Bastia 12.8b 68 ab 139b 46.0ab 26.7ab 314a
Karotan 10.2b 49a 13.5ab 46.2ab 26.8ab 32.6ab
1 month Kazan 15.8d 104 d 16.7 cd 478b 295b 352b
Sirkana 11.5ab 51a 11.4a 47.1b 26.6ab 33.0b
Trafford 11.3a 82c 12.7 ab 456a 251a 318a
Warmia 11.1a 105d 12.0a 459a 269ab 319a
Abledo 10.8a 43 a 15.5 bc 444a 254a 305a
Bastia 14.0 bc 82c 14.3b 449a 258a 3l2a
Karotan 11.3a 45a 12.9 ab 447a 271ab 31.7a
2 months Kazan 13.7b 87¢c 148b 472b 28.6b 348b
Sirkana 10.7 a 98 cd 109 a 448a 243a 306a
Trafford 10.8a 144 e 14.4b 450a 26.2ab 32.1ab
Warmia 11.4a 155e 10.0a 453a 271ab 318a
Abledo 11.5ab 25a 145b 449a 269ab 315a
Bastia 135¢ 33a 15.1b 46.4ab 26.6ab 319a
Karotan 109 a 42 a 17.7 cd 465ab 27.7ab 319a
3 months Kazan 13.6b 84 Db 18.3d 470b 283b 33.2b
Sirkana 11.1a 56 a 140b 46.1ab 248a 309a
Trafford 12.1b 43 a 13.6 ab 453a 259a 309a
Warmia 11.3a 75 ab 140b 450a 26.4a 309a
Abledo 12.1b 35a 17.6d 454a 26.8ab 315a
Bastia 13.3b 60 ab 119a 449a 250a 30.7a
Karotan 11.2a 89b 145b 447a 263a 30.7a
4 months Kazan 16.0d 50 a 15.4 bc 46.8ab 285b 336D
Sirkana 12.3b 58 a 12.6 ab 458ab 26.4ab 319a
Trafford 11.6 ab 162 e 13.6b 450a 26.3ab 314a
Warmia 11.7 ab 87b 13.1ab 43.8a 241a 29.0a
Abledo 11.6 ab 36a 155b 445a 26.2ab 31.0a
Bastia 13.1 bc 38a 11.3a 458a 25.6ab 31.7a
Karotan 12.3b 37a 14.1 ab 452a 282b 3l6a
5 months Kazan 159¢ 48 a 15.0b 475b 294b 346a
Sirkana 12.0b 58 ab 12.2a 459a 265ab 319a
Trafford 129b 99 b 13.0 ab 448a 26.7ab 316a
Warmia 143 ¢ 73b 129 ab 46.1ab 29.3b 326ab

Note: values which differ significantly at P>0.95 are marked with different letters

Conclusion
Investigated carrot cultivars differed significantly in respect of contents of 3-carotene, nitrate
(NOs), soluble solids, as well as juice CIE L*a*b* colour parameters. ‘Kazan’ F; was
characterized by very high B-carotene and soluble solids contents, low content of nitrate, high
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a* and b* juice colour parameters, what indicates especially good suitability of this cultivar
for concentrate production. ‘Karotan’ was also very good cultivar in this respect.

Storage of carrots in cold store conditions for 5 months influenced following changes of
quality: B-carotene content decreased in a low degree in the case of all cultivars, nitrate
content showed also a tendency to decrease. The L*, a* and b* colour parameters of the juice
decreased slightly and soluble solids content showed a tendency to increase during storage.
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Abstract

Culture Prunus persica (L.) Batsch came to the Crimea and began to develop at the end of the
19th century. Since then, it has won high popularity among the amateur gardeners, and
eventually has become a commercial fruit crop. Agro ecological conditions of the Crimean
region, especially the southern coast are favorable for the cultivation of this crop.
Unfortunately the areas suitable for the peach are limited. The steppe part of Crimea, with
large spaces, suitable for horticulture, is often subjected to cold invasions from the north,
damaging the generative buds of peach and destroying the potential yield. Extreme critical
temperatures occur in winter period (20-30% years) and in the spring (25%). The intensive
peach breeding has been carried out from mid-20th century till nowadays. One of the main
breeding in the NBG is to create resistant to cold samples. As parental forms were used
Domestic and foreign winter-hardy cultivars: Veteran, Pushystiy Ranniy, Crimskiy Feyerverk
etc. Over 100 created peach cultivars are included in the Register and regionalized. In the late
50's, the peach had spread in the steppe part of the Crimea, and then in the southern regions of
Ukraine. Assessment of winter hardiness of hybrids was carried out by means of laboratory
and field methods in test years. As a result of researches, winter-hardy peach cultivars and
hybrids have been selected, and they have been recommended for commercial fruit growing
and breeding. These included ‘Osvezhayuschiy’, ‘Demerdzhinskiy’ and ‘Kandidatskiy’ etc.

Keywords: Prunus persica, winter hardiness, cultivar, hybrids, breeding.

Introduction

Culture Prunus persica (L.) Batsch came to the Crimea and began to develop at the end of the
19™ century. Since then, it has won high popularity among the amateur gardeners, and
eventually has become a commercial fruit crop. Agro ecological conditions of the Crimean
region, especially the southern coast are favorable for the cultivation of this crop.
Unfortunately the areas suitable for the peach are limited. The steppe part of Crimea, with
large spaces, suitable for horticulture, is often subjected to cold invasions from the north,
damaging the generative buds of peach and destroying the potential yield. Extreme critical
temperatures occur in winter period (20-30% years) (Antyufyev et al., 2002) in time of the
deep rest and in the spring (25%) before and after flowering in different phase’s development
of generative organs (Latsko, 2015). There are risks of spring frost damage of the peach and
in warmer countries, such as Spain (Iglesias, 2013). Significant results in the study of plant
adaptation mechanisms to adverse or extreme environmental factors are achieved.
Physiological and biochemical processes in various sustainability peach cultivars grown in
different soil-climatic regions of the Crimea were studied (Yelmanova, 2010). Extensive
research on a peach and breeding carried out since the mid 20™ century to the present day
(Smykov et al., 2010). More than 100 peach cultivars were established, most of them are
regionalized (Nikoli¢, 2013).

In the late 50's peach recently launched to the steppe part of Crimea, and then to the southern
regions of Ukraine: Kherson, Odessa, Zaporozhye and Mykolayiv. The area of peach
distribution in the Crimea, in the south of Russia and Ukraine is due, primarily, the
temperature factor and the low winter hardiness (Smykov, 1990; Latsko, 2005).
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It is believed that temperatures (-21°C) — (-27°C), causes the death of peach generative buds
at stage sporogenous tissue in the Crimea. According to other authors, the critical temperature
range for the peach in a period of deep dormancy (from December to January 1-20) in the
Crimea is (-22) - (-24) °C (Orehova and Latsko, 2001). Many of the commercial cultivars of
peach had insignificant damages of flower buds at lower frost (-25) - (-26) °C in the Moldova
(Sokolov and Sokolova, 1987). In connection with the above the study of the peach gene pool
and search for the most resistant to frost cultivars and hybrids are highly relevant for the
further breeding of peach and promotion of culture in steppe regions. The aim of this work is
to evaluate damage of generative buds of the peach collection in test winters, to identify the
most resistant samples and to recommend them for commercial or scientific use.

Materials and M

The object of the study was resistance to negative air temperatures of peach cultivars and
hybrids. Evaluation of winter hardiness is carried by laboratory and field methods in test years
according to Sedov and Ogolcova (1999) and Methodical recommendations (Smykov, 1990;
Yelmanova, 2010). Research was conducted in 1992-2016 years at the collection garden,
which was located on the border of the steppe and foothill soil-climatic zones of the Crimea.
The climate is dry, moderately hot, with short, unstable winter and return spring frosts
(Antyufeyev et al., 2002). Planting distance was 6 x 3 m.

Protection from pests and diseases were carried by technologies and systems adopted in the
steppe Crimea. Land was kept under fallow, irrigation was performed by furrows, one times
during the growing season in the amount of 300 m® ha and once before the winter.
Observation and analysis of weather conditions was carried out by a meteorological station of
the Steppe department NBG (Ryabov, 1999). Peach cultivars are distributed into five groups
according to the degree of damage of flower buds: high winter hardiness (0-10.4%), winter-
hardy (10.5-30.4%), mid winter-hardy (30.5-60.4%), low winter hardy (60.5-90.4%), not
winter-hardy (90.5-100%).

Results and Discussion

Resistance to cold remains a major problem for Russia in breeding peach. Winter hardiness of
plants is a vast concept, combining many complex and simple signs, which are determined by
polygenes and oligogenes (Hesse, 1975; Latsko, 2005, 2012). These include the ability to
hardening frost resistance vegetative and generative parts of structures in a period of deep
dormancy (December-January), resistance to late spring frosts of flower buds (buds, pistils),
as well as resistance to low temperatures roots (rootstock). Winter hardiness, in the narrow
sense, it is the resistance of plants to low temperatures, that is cold resistance. Winter
hardiness in a broader sense include the ability of plants to hardening, frost resistance of
various tissues and parts of plants in different stages of ontogeny. Some authors believe
(Pomology, 1997), that the winter hardiness — a stability not only to the low temperatures, but
also to the entire range of the cold season of adverse factors. These include especially the
temperature regime, the drying effect of wind, ice and sunburn, especially in the southern area
of horticulture. The commercial value of the cultivar is determined, first of all yield of fruits,
and flower buds are the beginnings of a future harvest. The article will be considered
primarily this aspect of winter hardiness, namely stability of generative buds or flower buds to
winter and spring air negative temperatures.

There are 15 extremely cold years for the study in the 1972-2016 periods in the steppe Crimea
(34% years): 1972, 1976, 1979, 1980, 1982, 1985, 1989, 1990, 1994, 2002, 2006, 2007, 2010,
2012, and 2015. Return spring frosts recorded 16 times (36% years): 1972, 1980, 1981, 1985,
1988, 1989, 1990, 1991, 1992, 1993, 1994, 1999, 2004, 2009, 2012 and 2016. The lowest
temperature was fixed at 02.21.1985 (-28.8°C). The scale and depth of the damage are
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maximized this year. Generative and vegetative buds, twigs, bark and wood have been
damaged. Cambium remained at the level of the skeletal branches of the first order of more
winter-hardy cultivars. Very low negative temperature (-27.1° C) was registered 23.01.2006.
Peach plants were at this time in a deep state of rest or an exit from it. Damage to generative
buds was highest. The extent of frost damage to the vegetative parts of plants varied
depending on the by cultivars. Bark, cambium, wood, core and of thin shoots or shoots
terminations was mostly damaged by 4 points (on 5-point scale). The greatest damage was
observed in of timber: 1-4 points. Cultivars of American origin were badly damaged of timber
(3-4 points): Flacar, Harbrite, Hardbound, Harbella, Slanche and the nectarine Anderson.
Vegetative buds were not injured. The cambium is intact in most cultivars. It is helped to keep
plants, having made renewal pruning up to skeletal branches.

09.01.2002 the frost was registered (-24.6°C). The plants were in a state of deep physiological
rest, i.e. in the period of its maximum frost resistance. Examination of flower buds after
exposure to such cold identified frost resistant cultivars and hybrids of peach: G.Lebedev,
Osvezhayuschiy, Posol Mira, Favorite Morettiny, Comanche, Early Red Haven, Reliance,
C4/210, C4/110, C8/163, C4/38 and C4/57. Field evaluation of the peach in general
confirmed the results of laboratory tests. A number of cultivars and forms showed high
hardiness: Ak-Cheftalyu-2, Baten Kaisev, Iftihor, Ranniy-84, Panniy-85, nectarines
Yevpatoriyskiy and Zee Gold. Winter-hardy cultivars include Candidatskiy, C1/227, Alma-
Atinskij , Start, Peach Sungen de Toamna, Superba de Toamne, Pegaso, Mireille, Fairhaven,
NSF2, mutants Sovetskiy 37-167 and 63-30, nectarines Ichunskiy, May Grand and Fantasia.
23.02.2007 the late winter frosts (-19.1°C) was marked. The duration of the frost period was
162 hours from 21 to 28 February. At first glance, not very a low temperature, but it struck a
powerful irreversible damage: flower buds of all cultivars were damaged by 100%.

The winter 2006/2007 was unique. It has demonstrated effect of several factors hardiness:
autumnal hardening, an early exit from the physiological rest, the frost resistance of flower
buds in February, resistance to prolonged cold exposure. These factors have been reinforced
pre-drought and frost of the previous year (23.01.2006 -25.6°C). Trees have been weakened.
Even the most winter-hardy cultivars were severely damaged. Not only generative buds, but
also vegetative parts of the plant were damaged: bark, wood, core, infrarenal tissue.
10.01.2010 January frosts (-21.1)° C, that were close to the critical temperature negative for
medium-hardy cultivars, had a great influence on the crop of peaches. Damage assessment
showed that it is not winter-hardy and low hardy cultivars were severely damaged generative
buds (60-100%). These include ‘Kremlevskiy’, ‘Ryabovskiy’, hybrid ‘84-2445" etc. High
winter hardy and hardy cultivars have had little or poor (30%), moderately hardy — average
(30-60%) and significant (60%) damage to of flower buds. Medium and minor damage
generative buds have not affected the yield of peach. These cultivars bloomed well in spring
on 4-5 points (for a 5-point scale). These include ‘Posol Mira’, ‘Red Haven’, ‘G.LebedeV’,
‘Nikitskiy Podarok’ et al (Table.1). Damage to the flower buds cultivar Ryabovskiy estimated
on 74%, significantly influenced the force of flowering (2 points) and reduced yield. Sorts
Osvezhayuschiy and Clown are characterized by profuse the formation of generative buds.
Despite the considerable them destruction of (61 and 74.8%, respectively), a good harvest is
marked. ‘Iftihor’, ‘Posol Mira’, ‘Red Haven’ also refer to this category cultivars with the
profuse formation of generative buds. This fact has significant advantages when choosing
cultivars for orchards.

Average damage of flower buds were somewhat smaller in the garden near the v.Lobanovo
(Dzhankoy, Crimea), although the cold there was stronger by one degree. ‘Red Haven’ had
28% damaged buds there, compared with 48% — in the v.Novyi Sad. Probably less frost
damage of generative buds is associated with better agricultural background, plants be
healthier physiologically and young plants (Tabl. 1).
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Table 1. Damage of peach flower buds with the frost (-21.1)°C 10.01.2010 in the steppe

Crimea.
Damage of Blooming, Frost  resistance
Cultivars, hybrid generative points* generative buds®
buds, %
v.Nowyi Sad, Simferopol (-21.1)° C
G.Lebedev 21 5 high
C4/57 33 34 medium
C4/210 35 4 medium
C4/110 36 4 medium
Perekopskiy Krupnoplodnyiy 37 4 medium
C7/6 45,5 4 medium
Red Haven 48 4 medium
Osvezhayuschiy 61 4,2 medium
Zolotoy Yubiley 65 3 low
Pushistyiy Ranniy 68 3,3 low
Ryabovskiy 74 2 low
v.Lobanovo, Dzhankoy (-22.1)° C

Posol Mira 21,6 4,5 high
Red Haven 28,3 4,5 high
Zolotaya Moskva 36,6 4 medium
Tourist 47,2 3 medium
Vavilovskiy 52,6 3 medium
Clown 74,8 3 low

Taverage value on a 5-point-scale;
2 Evaluation of frost resistance generative buds.

Winter 2012 was a very interesting and special. The peculiarity of it is that frosts occur in a
very short time, in February, so it was very cold (-19° — -23° C). The February cold spell was
preceded by several warming and cooling in the December and January. In 02.02.2012
temperature have reached their extreme the value — (-23.6°C) on the stage of forced rest. The
destructive action of the frost was accompanied by strong north-easterly winds, which blew
continuously from 1 to February 10, with a force of 14 to 34 m / sec. In such unfavorable for
fruit crops weather conditions chance for harvest did not remain. Flower buds of most
cultivars of peaches and nectarines have been damaged to the maximum extent; they have
survived only in very winter-hardy cultivars. The nature of damage is browning of pistils and
anthers. 576 cultivars and forms of all were examined. 8 cultivars and perfect forms
highlighted with power of flowering, estimated at 4 points, 9 — with the flowering of 3 points,
29 — with the flowering of 1-2 score and 85 — with a single flowering (on a 5-point scale). So,
more than 60 winter-hardy cultivars and hybrids had allocated in extreme temperature
conditions, the first decade of February 2012 (-19° — -23.6°) C. High winter hardy cultivars
include Demerdzhinskiy, Candidatskiy, Crimskiy Feyerverk, Sochnyiy, Yubileyniy Ranniy,
Sun Crest, Ranniy-84, Melitopolskiy Yasnyiy, elite forms C7/6, 10487, C16/87, hybrids 84-
2468, 84-2445, Ne5714, etc.

The minimum air temperature (-24.1°S) was recorded 08.01.2015. Evaluation of flower buds
30 cultivars and 20 hybrids of peach were carried out by means of laboratory and field
methods. Selections of hybrid families with one or two hardy parents, such as Valiant's
Crimean Fireworks were evaluated. Most samples had hundred percent damages of flower
buds. Some generative buds of hybrids Ne80-426 (Valiant's Favorite Morettini) and Ne84-485
(Red Haven's Starking) had remained intact (5.3 and 0.7% respectively).
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In 2016 are marked January frosts (-15,8°C) and spring frosts depth of -6.5°C and -8.5°C with
an interval of 3 days 16.03 and 19.03.2016 (Table 2).

Table 2. Damage of peach generative buds by spring recurrent frosts in the steppe Crimea
v.Novi Sad, Simferopol

Cultivar, hybrid Flowers type | Phase Damage of generative buds, % Notes
16.03.16 (-6,5°C) | 19.03.16 (-8,5°C)

Nikitskiy Podarok Bell Th' - 3,7

Osvezhayuschiy Bell Th 5 8,6

Pushistyiy Ranniy Rose Th - 8

10607 Bell Lfb - 13,9

Demerjinskiy Rose Lfb - 26,7

Posol Mira Bell Th 8 28,4

Sochnyiy Rose Th - 34,2

Startovyiy Rose Lfb? - 36,4

Clown Bell Lfb - 36,9

Red Haven Bell Th 9 40,3

C7/6 Rose Tb - Lfb 61 30,1 27% Lfb

C 16/87 Rose Lfb - 48,4

C4/210 Bell Tb - Lfb - 50 45% Lfb

Favorite Morettiny Rose Lfb 51 58,6

Iftihor Bell Lfb - 68,1

Crimskaya Osene Rose Lfb - 70,4

Rumyanyiy Nikitskiy Bell Lfb - 74,2

Zolotaya Moskva Rose Lfb 69 79

Vavilovskiy Rose Lfb 26 80

Tight flower bud
2 oose flower bud

January frosts hadn't detrimental effect on the generative buds of peach, nectarine and peach
decorative, as they were not deep enough (-15.8°C). Flower buds frost resistance of 12
cultivars and four hybrids of peach in the phase of formation of pollen (the appearance of the
petals, tight or loose bud) were tested. Cultivars with high resistance to negative air
temperatures (-6,5°C), and (-8,5°C) at this developmental stage were obtained. These include
‘Nikitskiy Podarok’, ‘Osvezhayuschiy’, ‘Pushistyiy Ranniy’, and ‘10607’. Percentage
generative buds damage them was 3.7, 8.6, 8 and 13.9%, respectively. Cultivars
‘Demerjinskiy’, ‘Startovyiy’ have also shown relatively high cold resistance (damage to flower
buds up to 30%) compared to ‘Zolotaya Moskva’ (79%), ‘Rumyanyiy Nikitskiy’ (74%) and
‘Crimskaya Osene’ (70%).

Latest returnable spring frosts were recorded 06.05.99 (-2.2)°C. Such extreme temperature
weren't more than 100 years ago. Virtually all of sets were damaged by that frost, and the
harvest was destroyed. Return spring frosts of depth -10.4° C were fixed in April 2004
(04.04.04). Peach plants were in the phase of a “pink loose bud”. In this year was allocated
one cultivar of nectarine Crimchanin.

In 2009, two waves of cold weather were marked April 11-13 (-5° C) and April 21-23 (-6° C).
The second wave of cold was greater in absolute value. With all other things being equal,
cultivars with the rose-type flower (Candidatskiy, Crimskiy Feyerverk, C 7/6, C 16/87 and
other) had less damage than ones with the campanula-type flower.

Some peach cultivars were allocated in test years with various extreme temperature factors,
for example: Demerjinskiy, Osvezhayuschiy, Crimskiy Feyerverk, Posol Mira, Startovyiy,
Yubileynyiy Ranniy and etc. These cultivars are adapted well to agro-climatic conditions of
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the steppe Crimea. They were characterized by the high yield, the excellent taste and good
biochemical parameters of fruits.

Conclusions

Evaluation of winter hardiness cultivars and forms of the peach gene pool of Nikitsky
Botanical Gardens based on years of research is given, and very hardy specimens were
identified. These include cultivars and advanced selections of peach Demerdzhinskiy, Ranniy
84, Andrey Lupan, Osvezhayuschiy, Candidatskiy, C7/6, C16/87ES, Melitopolskiy Yasnyiy,
Nikitskiy Podarok, Comanche, Reliance, Sun Crest, ‘10487, ‘11417’, ‘9978’, ‘6312’, ‘ 6610’,
‘6331’, ‘9381’, ‘80-429’, ‘172-88’ and others. They are recommended for the state cultivar
testing, for commercial use or for breeding. Thus, the creation and selection of hardy and very
winter-hardy cultivars of peach allows them to grow in conditionally favorable regions of the
steppe Crimea and Russia, where low winter-hardy cultivars of peach are not profitable.
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Abstract

The paper presents the results of studies on important agro biological characteristics of the
variety Pinot Noir, during the growing season in 2013 and 2014, in Trebinje. The tests of
agrobiological characteristics which were done included: phenological properties, fruitfulness of
buds and shoots and yield. During the years 2013 and 2014 a significant influence of climatic
factors on the phenological characteristics of the studied varieties was observed. The observed
climatic factors have influenced the development of a large number of fruitful shoots (12) and
bunches per vine (14) in 2013 compared to 2014, when the number of fruitful shoots was 10.5
and the number of bunches per vine was 13.4. During 2014 there was a larger number of
clusters per bud (1.12) and per fruitful shoot (1.59) compared to 2013. The yield of grapes per
bud (110 g) and per fruitful shoot (137.5 g) was higher in 2013, compared to 2014 when the
grape yield per bud was 84 g and the yield per fruitful shoot was 120 g. The higher yield of
grapes per vine (1.65 kg) and per hectare (7638.88 kg/ha) was also recorded in 2013, while in
2014 the yield per vine of 1.26 kg and the yield per hectare of 5832.54 kg/ha was determined.

Keywords: Pinot Noir, phenological characteristics, fertility of buds and shoots, yield

Introduction

Due to climatic conditions, vine occupies a wide area of distribution. Vitis varieties are grown in
zones of moderately - continental, subtropical and Mediterranean climate (Zuni¢ and Garié,
2010). Climatic conditions (solar radiation, heat accumulation, rainfall, frost, temperature,
humidity, etc.) have a strong impact on viticulture, affecting grapevine growth, chemical and
sensory characteristics of the wine. Out of all the climatic factors, temperature appears to be one
of the most important (Ruml et al., 2012). 'Pinot Noir' originates from the Burgundy region in
France which means that its adaptation is very specific to this environment. Now ‘Pinot Noir'
has become an international variety and it is grown in a large number of viticultural regions all
around the world (Rankovié-Vasi¢ et al., 2015). The reconstruction of the vineyards in the area
of Herzegovina started in the last decade and new varieties have been introduced since then,
Pinot Noir variety is one of them.

The aim of this study was to investigate the basic agro biological properties of this variety and
the possibility of its cultivation in climatic conditions of the city of Trebinje and other wine
regions of similar agro ecological conditions.

Material and methods
The research of agrobiological characteristics of Pinot Noir variety was carried out during the
growing season in 2013 and 2014, in Trebinje area (Entity of Republic of Srpska, Bosnia and
Herzegovina). The experiment was set up at the location of Zasad polje. This vineyard was
founded in 2008 at an altitude of 273 m. The distance between plantings was 2.4 x 0.9 m. 10
vines were selected for the research, and each vine served as a separate experimental unit in
the research. During the pruning, 15 buds were left on the vine. Basic measures of pruning
were applied during the two years of research in experimental plantation, as well as basic
measures for the protection of the most important causes of disease and pests. During the
research, the "drop by drop” method of irrigation was used on the plantations. Agrobiological
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characteristics of the variety which were investigated were: phenological characteristics,
fertility of buds and shoots and yield. Phenological observations were carried out on the basis
of monitoring and inspecting of the pheno-phases in the annual cycle of development of the
vine. Phenological characteristics of the variety which were monitored were: the beginning of
tearing, the beginning of budding, beginning, fullness and end of blooming, duration of
flowering, the growth of berries, the beginning of a hinge and maturing of berries. The load of
fruitful buds significantly has an impact on productivity and the development of vines. The
indicators of fertility of buds and shoots which were studied were: the number of buds per
vine, the number of fertile shoots, number of bunches per bud, the number of bunches per
vine and the number of clusters per shoot. The yield of analyzed variety of grape is registered
by specifying different categories of fertility: per bud, per bearing shoot, (expressed in g /
bud, and bearing shoot) per vine (expressed in kg / vine) per unit area (kg / ha). The data from
Hydrometeorological Institute of the Republic of Srpska was used for the analysis of
meteorological conditions observed during the two years.

Results and discussion

Trebinje is located in a zone of altered Mediterranean climate. It is characterized by a large
number of sunny days (260), low relative humidity and cloudiness, rains in winters and warm
summers. Autumn is significantly warmer than spring, the snow falls very rarely, and when it
falls, it does not stay for too long. The relief of the municipality is dominated by the mountain
Leotar, the river TrebiSnjica, and Trebinje field and Popovo field. Compared to long-term
averages (1997-2012) both observed years were warmer and had more rainfalls (Graph 1. and
Graph 2.). The average monthly air temperature for the period from January to March was
significantly higher in 2014, while in the period from April to September temperatures were
higher in 2013. Average maximum temperature in July and August, and the average minimum
temperature increased in 2013, while in January, February, and March average maximum and
minimum temperatures were higher in 2014 (Graph 3.). In February and March of 2013,
rainfall was considerably higher than in 2014, while in June, July and September rainfall was
considerably higher in 2014. During 2014 there was 70 mm more rainfall than in 2013.
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Graph 1. - Average monthly temperature for the period of 1997-2012
as well as for 2013 and 2014 years.
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Graph 3. — Average monthly maximum and minimum temperatures for the period
of 1997-2012 as well as for 2013 and 2014 years.

Monitoring of phenological development of the vine varieties in certain agro ecological
conditions is of great importance from the point of analysis of fruiting and quality of grapes.
The course of duration of certain stages in the annual cycle of development of Pinot Noir
variety in conditions of Trebinje area can be seen from the data presented in Table 1.

Analysis of data from Table 1. shows that pheno-phase of tearing started earlier in 2014
(March 10). This happened because of the slightly higher temperature during the month of
March in 2014 (Graph 1. and Graph 3.). The results, which are shown in Table 1. showed that
Pinot Noir variety had earlier beginning of budding in 2014 (March 15). The range of
vegetation movement and the opening of buds, amounted to 16 days. The beginning of
flowering began earlier in 2013 (May 19), when the temperature was slightly higher than in
2014 and than the average of several years (Graph 1.). The beginning of flowering of this
variety began somewhat later compared to the results cited by Gari¢ et al. (2007) for the
conditions of Aleksinac sub-region, which can be explained by different climatic conditions.
Pheno-phases of full flowering occurred 5 to 10 days after the beginning of flowering, May
23 in 2013 and May 25 in 2014. End of flowering occurred on 31 May in both years. The
blossoming of studied varieties in average lasted for y11 days. Pheno-phase of berry growth
lasts from beginning of the seeding of the berries and lasts until the beginning of their
maturation, the hinge of the grapes. Berry growth pheno-phase in 2014 began on June 5, and
in 2013 it began a little later (June 12). Pheno-phases of the hinge (Table 1.) started earlier in
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2014 (July 20). The moment of getting to full maturity varies greatly from year to year, and
depends even more on the range in which the variety is grown and climatic conditions (Artem
et Antoc, 2013). The full maturity of this variety occurred earlier in 2013 (August 30), while
in 2014, due to heavy rainfall, it occurred somewhat later (September 8) (Graph 2.).

Table 1. — Beginning time of certain pheno-phases of Pinot Noir variety

Pinot Noir 2013 2014
The beginning of tearing 26.03. 10.03.
Beginning of budding 01.04. 15.03.
Beginning of blooming 19.05. 22.05.
Full blooming 23.05. 25.05.
End of blooming 31.05. 31.05.
Duration of blooming (days) 13 9
Growth of berries (6-7 mm) 12.06. 05.06.
Hinge 22.07. 20.07.
Full maturity 30.08. 08.09.

The degree of the load with fruitful buds significantly impacts on productivity and the
development of vines, yield and quality of grapes (Nakalamié¢ and Markovié, 2009). Based on
the data presented in Graph 4., the analysis of the search results can be carried. During
pruning 15 buds were left on each vine. The number of fruitful shoots depended on the
weather conditions in certain years. The number of fruitful shoots is higher in 2013 (Graph
4.). The number of clusters per bud and fruitful shoot was within the limits stated by Avramov
(2001) and Gari¢ et al. (2007). The number of clusters per vine was satisfactory for
achievement of normal yield of grapes.
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Graph 4. — Fruitfulness of buds and shoots

Grape yield depends on several factors, among which the biological characteristics of grown
varieties, environmental conditions and the way of growing grapes stand out. In one variety in
the same agro ecological conditions, the yield varies depending on the age of the plant, as
well as vegetative and fruitful potential of vines. The variation in yield in native vineyard

119




during the years is 10% to 20%, depending on the meteorological conditions and applied
agro-techniques (Nakalami¢ and Markovi¢, 2009). Based on the analysis of the data presented
in Graph 5., it can be seen that the yield of grapes per bud (110 g) and productive shoot (137.5
g) was higher in 2013 compared to 2014, when the yield per bud was 84 g, and the yield per
bearing shoot was 120 g. Higher yield of grapes per vine (1.65 kg) and per hectare (7638.88
kg / ha) was also recorded in 2013, while in 2014 the yield per vine of 1.26 kg and the yield
per hectare of 5832.54 kg / ha was recorded, Graph 6. These results are consistent with results
of Buri¢ (1995), Avramaov et al. (2001) and Rankovic-Vasié et al. (2011).
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Graph 5. — Grape yield per bud and bearing shoot
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Graph 6. — Grape yield per vine and per hectare

Conclusions
Based on the results presented on agro biological properties of Pinot Noir variety cultivated in
agroecological conditions of Trebinje the following conclusions can be formed:
- A significant impact of climatic factors on the beginning time of pheno-phases this variety is
detected.
- The observed climatic factors influenced the development of a large number of productive
shoots, bunches per vine, grape yield per bud, grape yield per bearing shoot, grape yield per
vine and per hectare in 2013 compared to 2014.
- In 2014, a larger number of clusters per bud and per productive shoot were detected
compared to the year 2013.
- Pinot Noir variety shows positive properties in agroecological conditions of Trebinje city
area.
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Abstract

Chicory (Cichorium intybus L.) is an important medicinal plant used traditionally to cure
various diseases. The whole plant contains various medicinally important compounds and the
concentrations of the compounds vary in different tissues. Callus induction and shoot
regeneration of Chicory using leaf and petiole explants were investigated by studying the
effects of different combinations of plant growth regulators. Leaf and petiole explants were
cultured on MS medium supplemented with different concentrations of IAA/KIN and
NAA/TDZ. In leaf and petiole explants highest callus induction were obtained in the medium
containing 0.3 mg I* IAA with 0.5 mg I* KIN and 0.6 mg I"NAA with 0.02 mg I"*TDZ.The
results showed that the highest regeneration percentage and the number of regenerated shoots
were obtained in the medium containing 0.1 mg I"'lAA with 1.5 mg I"*KIN in leaf and petiole
explants. In addition, the highest regeneration percentage and the number of regenerated
shoots were obtained in the medium containing 0.1 mg I* NAA with 0.5 mg I TDZ in leaf
explant and no regenerated shoots were produced in the presence of NAA and TDZ in all
combination tested in petiole explant.

Keywords: Cichorium intybus L., Callus induction, Explant, Plant growth regulators,
Regeneration.

Introduction

Chicory (Cichorium intybus L.) belonging to Asteraceae family is commonly known as
witloof chicory (Bais and Ravishankar, 2001). The leaves and the roots of this medicinal plant
are edible and commonly used as salad and some varieties are cultivated for coffee substitute
after roasting the roots. In folk medicine, the plant is used for the treatment of diarrhea, spleen
enlargement, fever, and vomiting. Antihepatotoxic activity on damaged rat’s liver sections
(Zafar and Ali, 1998) and anti-bacterial activity of this crop (Petrovic et al., 2004) has been
recently reported. The alcoholic extract of Chicory is also used against pyrorrhea or gingival
inflammation (Patel and Bhatt, 1985) and contains large numbers of pharmaceutically
important phytochemicals including sesquiterpene, lactones, glycosides flavonoids,
coumarins, anthocyanins, organic acids, and cytokinins (Bais and Ravishankar, 2001)
Rehman et al., (2003) reported in vitro regeneration from leaf explants and various hormonal
combinations. Nandagopal et al.,(2007) studied in vitro regeneration of Chicory from
cotyledon explants and different combinations of plant growth regulators. Yucesan et al.,
(2007) developed a protocol for the regeneration of plantlets from leaf and petiole explants of
witloof chicory. Geun- Won et al., (2009) also studied in vitro regeneration for genotypes,
Radcchio and Italiana of Cichorium intybus L. var foliosum, using leaf and petiole explants.
Lastly, Maroufi et al., (2012) studied in vitro regeneration of Cichorium intybus var. sativum
from leaf and cotyledon explants and different combinations of plant growth regulators.

The aim of the present investigation was optimization of callus induction and shoot
regeneration from leaf and petiole tissues of landrace genotype of Chicory (Esfahan) and this
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protocol will effectively be used in Agrobacterium mediated gene transformation for Chicory
breeding.

Materials and Methods

Esfahan genotype (Pakan Bazr Ltd) was used in this investigation. Seeds of chicory were first
washed with running tap water for 30 min then seeds were surface sterilized by dipping in
70% ethanol for 90 s and rinsed with sterile distilled water, followed by immersing in 5%
sodium hypochlorite solution for 25 min and thereafter rinsed for 30 min with sterile distilled
water. Sterilized seeds were germinated on MS medium (Murashige and Skoog, 1962)
supplemented with 0.8% agar and 3% sucrose. The basal medium used in this investigation
was MS (Murashige and Skoog, 1962). For shoot regeneration, leaf and petiole explants (5
mm segments) excised from 4-week-old sterile seedlings were cultured on MS medium
containing different concentrations and combinations of IAA/KIN and NAA/TDZ in two
separate experiments. The cultures were incubated in a growth chamber at 25 + 2°C under
16/8 h (light/darkness) photoperiod using white fluorescent light. Experiments were
performed factorial based on completely randomized design and four replicates per treatment
with 8 explants for each replicate were used. The percentage of callus induction and shoot
regeneration were calculated for the leaf and petiole explants that had been cultured for 4
weeks. Data was subjected for analysis of variance (ANOVA) and compare means using
SPSS 16.0.

Results and Discussion

The effect of different concentrations and combinations of the selected plant growth
regulators were investigated on callus induction from leaf and petiole explants (Table 1 and
2). In consistent with the results presented in Table 3 and 4, explants cultured on medium
containing either no plant growth regulators (control) or cytokinins alone produced no callus
at all and other different concentrations of IAA/KIN and NAA/TDZ, callus formation from
leaf and petiole explants was observed in all hormone combinations after 2 week. In leaf and
petiole explants highest callus induction were obtained in the medium containing 0.3 mg I
YIAA with 0.5 mg I"KIN and 0.6 mg I"NAA with 0.02 mg I""TDZ (100%).

Table 1. Different concentrations of the IAA and KIN in MS medium used for callus
induction and regeneration in leaf and petiole explants

Medium ymg I"'( Hormones Medium  )mg I"'( Hormones
R1 0IAA + OKIN R11 0.31AA + 1KIN
R2 OIAA + 0.5KIN R12 0.31AA + 1.5KIN
R3 0IAA + 1KIN R13 0.61AA + 0 KIN
R4 OIAA + 1.5KIN R14 0.61AA + 0.5KIN
R5 0.11AA + OKIN R15 0.61AA + 1 KIN
R6 0.11AA + 0.5KIN R16 0.61AA + 1.5KIN
R7 0.11AA + 1KIN R17 11AA + 0 KIN
R8 0.11AA + 1.5KIN R18 11IAA + 0.5KIN
R9 0.3IAA + 0 KIN R19 1IAA + 1KIN
R10 0.31AA + 0.5KIN R20 11AA + 1.5KIN

Table 2. Different concentrations of the NAA and TDZ in MS medium used for callus
induction and regeneration in leaf and petiole explants
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Medium ymg I*( Hormones Medium ymg I*( Hormones

M1 ONAA + 0TDZ M16 0.3NAA +0.1TDZ
M2 ONAA +0.005 TDZ M17 0.3NAA + 0.3TDZ
M3 ONAA +0.02 TDZ M18 0.3NAA + 0.5TDZ
M4 ONAA +0.1 TDZ M19 0.6NAA + 0TDZ
M5 ONAA +0.3TDZ M20 0.6NAA +0.005TDZ
M6 ONAA +0.5TDZ M21 0.6NAA +0.02TDZ
M7 0.INAA+0TDZ M22 0.6NAA +0.1 TDZ
M8 0.INAA+0.005TDZ M23 0.6NAA + 0.3TDZ
M9 0.INAA +0.02TDZ M24 0.6NAA + 0.5TDZ
M10 0.INAA+0.1TDZ M25 INAA +0TDZ
M11 0.INAA+0.3TDZ M26 INAA +0.005TDZ
M12 0.INAA+0.5TDZ M27 INAA +0.02TDZ
M13 0.3NAA + 0TDZ M28 INAA +0.1TDZ
M14 0.3NAA +0.005TDZ M29 INAA +0.3TDZ
M15 0.3NAA+0.02TDZ M30 INAA +0.5TDZ

Table 3. Mean comparison of effects of different combinations of IAA and KIN on different
evaluated traits in Leaf and petiole explants

Leaf explant Petiole explant
Mediu  Regeneration Mean number Callus Regeneratio Mean number  Callus
m percentage of shoots induction n of shoots induction

percentage percentage percentage

R1 0° 0° 09 0° 0° o'
R2 0° 0° 09 0° 0° of
R3 0° 0° 09 0° 0° o'
R4 0° 0° 09 0° 0° of
R5 0° 0° 09 0° 0° o'
R6 25° 0.4° 28° 9.5¢ 0.09° 43.75°
R7 22° 0.38°¢ 44° 25° 0.37% 68.75°
R8 717 2.4° 69°° 62.5° 1.132 90.6°
RO 0° 0° 09 0° 0° o'
R10 46.8" 1% 100° 3.2¢ 0.03° 100?
R11 46.8° 1.28"° 55 31.2° 0.59" 60°
R12 50° 1.25% 31° 19° 0.18% 37.5¢
R13 0° 0° 09 0° 0° of
R14 50° 1.42°¢ 84 19° 0.18% 96.75°
R15 46.8° 1.25% 53 31.5° 0.81° 62.5°
R16 562 1.8% 62° 31.2° 0.37% 71°
R17 0° 0° 09 0° 0° of
R18 6.25¢ 0.13° 59° 3.1° 0.03° 62°
R19 19¢ 0.15° 31° 9.3¢ 0.12% 43.75°
R20 22° 0.45% 13 3.1° 0.06° 25°

Means with similar letters in each column are not significantly different
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Table 4. Mean comparison of effects of different combinations ofNAA and TDZ on

different evaluated traits inLeaf and petiole explants

Leaf explant petiole
explant

Medium Regeneration Mean number Callus Callus

percentage of shoots induction induction

percentage percentage

M1 09 0° o' 0°
M2 09 0° of 0°
M3 09 0° of 0°
M4 09 0° of 0°
M5 09 0° of 0°
M6 09 0° of 0°
M7 09 0° of 0°
M8 09 0° of 0°
M9 09 0° of 0°
M10 220 0.4 91% 91.6°
M11 30 0.76™ 95.8% 53.5°
M12 75° 3.1° 95.8% 83.3%®
M13 09 0° of 0°
M14 09 0° 16.6° 38"
M15 12.5" 0.29" 83.3%° 79.1%°
M16 12.5" 0.29" 75%¢ 46%°
M17 16.6°" 0.26™ 58.3%¢ 91.6°
M18 58%° 2.3 70%¢ 87.5°
M19 09 0° of 0°
M20 13.3" 0.43" 79.1%° 42%
M21 22° 0.5 100? 100?
M22 30.1% 0.73" 91.6% 79.1%°
M23 30.3% 0.73" 100° 95.6°
M24 46"° 2.1° 100° 87.5°
M25 09 0° of 0°
M26 5.3¢ 0.1% 61°° 74%
M27 37° 0.96° 91.6% 70%°
M28 18.3° 0.4 100° 56°¢
M29 28% 0.56" 100° 71.3%¢
M30 28% 0.59" 100° 77.3%®

Means with similar letters in each column are not significantly different

Leaf and petiole explants excised from 4-week-old sterile seedlings were cultured on MS
medium containing different concentrations and combinations of KIN with IAA and NAA
with TDZ. Explants cultured on medium containing no plant growth regulators (control
treatment) and IAA and NAA alone produced no shoots at all in both types of explants. The
combination of 0.1 mg I"* IAA and 1.5 mg I"* KIN was the most successful of the treatments
tested, producing a mean of 2.4 shoots per explant at 71% shoot regeneration frequency in
leaf explant and mean of 1.13 shoots per explant at 62.5% shoot regeneration frequency in
petiole explants. In leaf explants mean number of shoots per explant was achieved nearly
twice more than the petiole explant. The results also showed that the highest regeneration
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percentage and the number of regenerated shoots were obtained in the medium containing 0.1
mg I NAA and 0.5 mg I TDZ in leaf explants (75% regeneration shoots and 3.1 shoots per
explant respectively) (Figure 1). No regenerated shoots were produced in the presence of
NAA and TDZ plant growth regulators in all combination tested in petiole explant. To
identify the relationship between callus induction and shoot regeneration, Pearson’s
correlation coefficient was computed. Pearson’s correlation coefficient identified that callus
induction was correlated with shoot regeneration. These variables were positively correlated
(0.848), and the correlation was statistically significant at the 0.01 level.

Figure 1.A: Effect of NAA and TDZ on leaf explant regeneration B: Effect of NAA and TDZ
on petiole explant callus induction C: Effect of IAA and KIN on leaf explant regeneration D:
Effect of IAA and KIN on petiole explants regeneration

Callus induction and shoot regeneration are in vitro tissue culture methods, which depend on
environmental conditions and plant growth regulators. Optimization of these factors is
essential to establish a high frequency of callus induction and shoot regeneration and gene
transfer to this plant. Plant growth regulators and types of explant are the most important
factors for callus induction and shoot regeneration phases (Mineo, 1990). The application of
different concentrations of plant growth regulators had a significant influence on callus
development and organogenesis. The response of explants to form callus was seen within two
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weeks incubation on callus inducing medium containing different plant growth regulators for
both explants (leaf and petiole) of chicory. The same observations were reported by
Nandagopal and Ranjitha (2007). In this study, the combinations of IAA/KIN and NAA/TDZ
showed a positive effect on cell division for both leaf and petiole explants. Lim et al., (2003)
obtained maximum callusing for both explants leaf and petiole of chicory in combination 0.1
mg I IAA and 0.2 mg I" TDZ. Yucesan et al., (2007) reported that NAA alone or in
combination with 6-BAP produced considerably more callus with green-to-yellowish and
highly friable callus. Velayutham et al., (2007) reported that a higher frequency of callus was
observed on MS medium supplemented with NAA (1.86 mg 1Y) in combination with BAP
(0.45 mg I™"). In shoot inducing phase, shoots were produced within three to four weeks. The
number of induced-shoots was found to vary in the different combinations of IAA/KIN or
NAA/TDZ. High promotion of shoot regeneration in the presence of IAA/KIN or NAA/TDZ
in this study is compatible with several reports for different chicory cultivars by Park and Lim
(1999); Velayutham et al., (2007); Nandagopal and Ranjitha (2006); Yucesan et al., (2007);
Hyeon-Jeon et al., (2009); Geun-Won et al., (2009); Maroufi et al., (2012).

Both direct and indirect shoot regeneration require plant cells to undergo dedifferentiation
and redifferentiation, both of which are known to be affected by not only exogenous plant
growth regulators but also endogenous content of the hormones (Trigiano and Gray, 2000).
Different tissues may have different levels of endogenous hormones and, therefore, the type
of explant source would have a critical impact on the regeneration success. In our study, when
leaf and petiole explants were compared, it was clear that leaf explants were much more
productive for shoot formation than petiole explants, in the combinations of IAA/KIN
producing nearly two times more shoots (2.4 shoots per explant compared to 1.13,
respectively). In the combinations of NAA/TDZ, highest regeneration percentage and the
number of regenerated shoots were 75% regeneration shoots and 3.1 shoots per explant
respectively in leaf explants. No regenerated shoots were obtained in the presence of NAA
and TDZ plant growth regulators in all combination tested in petiole explant. Park and Lim
(1999); Yucesan et al., (2007); also found that leaf segments were more productive for both
callus and shoot development than petiole segments although there was a clear genotypic
variation among the eight Cichorium intybus cultivars tested. Karam and Al-Majathoub
(2000) reported that the cells most competent to differentiate into shoots are located at the
petiole base, but to express their totipotency, they are dependent on some factors contributed
by the leaf. An increased amount of vascular tissue and thus levels of endogenous hormones
and metabolites in the leaf might be responsible for the increase in shoot regeneration ability.
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Abstract

Due to the suitable climatic conditions, Turkey is one of the most important growing center
for wild and domesticated species/varieties of almond. Because of the adaptability of wild
almond species to severe environmental conditions and resistance to drought, salinity and
some pest and diseases, these can be used as rootstock for almond cultivars and in breeding
programs for rootstock improvement in Turkey. In this review, we evaluated to the
distribution of A. orientalis, A. turcomanica, A. arabica and A. webbi almond species in
Turkey and its potential as a multi-purpose crop. These species are naturally widespread as
genetic resources in many regions of Turkey. Seedlings of these species can be used for as
dwarf rootstocks for almond cultivars due to them are growing weak. In addition, the species
show a great tolerance to abiotic stresses such as drought, salinity, low soil fertility and low
winter temperatures; therefore the species may present an important genetic resource to be
used for development of new cultivars and rootstocks that are more adapted to differ climate
change in almond breeding programs.

Keywords: wild almond, species, rreeding, rootstock

Introduction

Turkey is located at a significant position in the world from the viewpoint of plant genetic
resources and genetic diversity. It is scientifically agreed that two of the centers of diversity
and centers of origin; the Near Eastern and the Mediterranean overlap at Turkey. Turkey is
the meeting ground of three phytogeographical regions; Euro-Siberian, Mediterranean and
Irano-Turanian. Due to its great variety in geomorphology, topography and climate, Turkey
has large diversity of habitats so it is very rich in plant species and endemism. Based on the
information given by Davis et al. (1988) the number of native ferns and seed plant species
were stated as 8.745 by Kaya et al. (1998), 2.763 of which are endemic. In addition to these
figures about 1.000 new species were listed by Giiner et al. (2000). Altogether the number
comes to a total of approximately 10.000.

The cultivated almond [Prunus dulcis (Mill.) D.A. Webb syn. P. amygdalus (L.) Batsch]
belonging to Rosaceae family, subfamily Prunoideae, is originated from Central Asia
(Grasselly, 1976). Wild populations of almond species representing a wide range of
morphological characteristic have been widely spread in these areas (Browicz and Zohary
1996; Kester and Gradziel 1996). Turkey is especially rich in native germplasm of these wild
species such as A. orientalis, A. turcomanica, A. webbii and A.arabica that are naturally
distributed throughout the country (Bayazit, 2007; Bayazit et al., 2011). These wild species
relative of almond play a socio-economical and ecological role in this region (Bayazit, 2007).
They not only have been used as direct consumption, but also have been used as a rootstock,
and in semi-desert areas to control soil erosion and to stabilize water sheds (Mortazavi 1986).
Wild species also provide an extended germplasm for breeding improved cultivars,
contributing useful traits such as late bloom, self fertility, and drought and salinity tolerance
(Denisov 1988; Gradziel et al. 2001). Recent studies have been performed using
morphological and pomological, molecular markers for the genetic characterization of these
Turkish wild Amygdalus species (Martinez-Gomez et al. 2003; Bayazit, 2007).
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The genus Amygdalus L. contains some 26 well defined species (Table 1), as well as a
long list of additional binomials.

Table 1. Species in Amygdalus L. and their taxonomic grouping (Kester et al., 1991,
Ladizinsky, 1999)

Subgenus Amygdalus

I. Section Amygdalus [Syn.: Sect, Euamygdalus Spach]

a. Communis species group

A. communis L. [including A korshinskvi  A. browic-ii Freitag [including A.

(Hand,-Mazz.)Bornm] zabilica Seraf.]

A. trichamygdalus (Hand,-Mazz.) A. kuramica Korsh.
Woronow

A. fenzliana (Fritsch) Lipsky A. bucharica Korsh

A. webbii Spach A. tangutica (Batalin) Korsh.

[including A. dehiscens Koehne]
A. haussknechtii (C. Schneider) Bornm

b. Orientalis species group

A, orientalis Duhamel A. kotschyi Boiss. & Hohen
A. graecae Lindley A. carduchorum Bornm
A. elaeagnifolia Spach [including A. A. mongolica Maxim

leiocarpa Boiss.]

ii. Section Chamaeamygdalus Spach
A.nana L A. ledebouriana Schlecht.
A. georgica Desf. A. petunnikovii Litv.

iii. Section Spartioides Spach
A, arabica Olivier [including A. agrestis A, scoparia Spach
Boiss.]

2. Subgenus Dodecandra (Spach) Browicz [Syn : Sect. Lycioides Spach]

A, lycioides Spach [including A. horrido  A. spinosissima Bunge [including A.
Spach]; turcomanica Lincz,]

A. ebutnea Spach A. brahuica Boiss.

A enoclada Bornm.

Properties and distribution of the almond species in Turkey

There are several wild almond species in Turkey included Amygdalus orientalis (Mill.),
Amygdalus turcomanica (Lincz.), Amygdalus fenzliana (Fritsch) Lipsky, Amygdalus
trichamygdalus (Hand.-Mazz.) Woronow, Amygdalus arabica (Olivier), and Amygdalus
webbii (Spach). These species offer a great value for the almond improvement; we studied the
distribution area on Turkey and morphological and pomological properties of these almond
species. Distribution areas and properties of naturally grown almonds species in Turkey are
provided below.

Amygdalus trichamygdalus (Hand.-Mazz.): A narrowly distributed East Anatolian
species, and one of the least known members of the Communis group. Only a few scattered
stands of this wild almond have been discovered up to date in eastern Turkey and in adjacent
areas in Iran. They grow on limestone slopes and in rock gorges at 1250-1900 (-2100) m
elevation. Spineless shrubs up to 3 m tall (sometimes small trees) closely resembling A.
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communis but with characteristic short-petioled leaves, bearing relatively large (3.0 x 2.0 cm)
compressed fruits (Browicz & Zielifiski, 1984).

Amygdalus fenzliana (Fritsch) [Syn.: Prunus fenzliana Fritsch]: A subspinescent
shrub usually 2-3 m tall (and more rarely a small tree up to 4 m height), with rather large (2.5
x 1.5 cm) tomentose fruits. A Caucasian element extending to northeast Turkey and northwest
Iran and Armenia growing mainly in stony or rocky slopes occupied by sparse xerophytic
woody vegetation or in open steppe communities, mostly between 700-1800 m altitude
(Browicz & Zielifiski, 1984). Nuts are small, flat, and hard shelled. The shell surface has
sparse, shallow holes. Kernels are bitter (Kester et al., 1991).

Amygdalus webbii Spach, [Syn.: A. salicifolia Boiss. & Bal.]: Much branched
spinose shrubs or small trees usually attaining the height of 2-3 m. A very variable wild
almond in terms of leaf size and fruit shape, with linear oblong to lanceolate leaves and
relatively small fruits. A Balkano-Anatolian species, extending to Puglia district in south Italy
and to Sicily. It was also reported growing spontaneously in Spain (Felipe & Socias i
Company, 1977). According to the Vlasic (1977). This primarily European species occurs in a
range extending from western Turkey into the balcan peninsula including Greece, Bulgaria,
and Yugoslavia. A. webbii grows in open sunny places in limestone rocks or gravelly slopes
from sea level up to 900 m altitude. Few stands were recorded up to 1200-1600 m (Browicz&
Zielifiski, 1984).

Amygdalus graeca Lindley, [Syn.: A. discolor (Spach) Prunus discolor (Spach)]: A
shrub or small tree 1-4 m tall, resembling A.orientalis in its growth form but more spinescent
and with glabrous dorsal leaf surface. The main range of A. graeca is in southwest Anatolia
and in some of the adjacent Greek Islands, particularly Rhodos. A. graeca reappears in
Aleppo district, Syria and near Ankara, Turkey, but in these localities it is represented only by
few stands. A. graeca is a xerophylous shrub growing on rocky calcareous slopes mainly in
phrygana-type vegetation. In few places (in Anatolia) it occurs side by side with A. orientalis.
However such contacts are relatively rare since A. graeca is distinctly a low altitude plant,
growing mainly at altitudes ranging from 10 to 500 m (Browicz & Zielifiski, 1984).

Amygdalus kotschyi Boiss. & Hohen., [Syn.: Prunus kotschyi (Boiss. & Hohen.)]: A
small subspinescent shrub scarcely 30-45 cm tall, characterized by very dense, soft, long,
yellowishgrey hairy cover on the shoots, leaves and fruits. A montane species confined
mostly to the Zagros mountain range of west Iran and north Irag as well as few sites in
southeast Anatolia. It grows on limestone rocks, bolders and screes and in dry and open
places in the upper margins of the oak and pistachio park-forest zone, and also in the thorny
cushion-type vegetation above the forest belt, in altitudes between 1800 and 2500 m (Browicz
& Zielifiski, 1984).

Amygdalus carduchorum Bornm., [Syn.: Prunus carduchorum (Bornm.)]: A small
subspinescent shrub 0.5-1.0 m high with narrow, lanceolate or linear leaves and with globose
or ovate-globose slightly compressed up to 15 mm long fruits. A narrowly distributed
montane species, restricted to a small area in Norh Irag on the border between Turkey, Iraq
and Iran. It occurs mainly close to the upper limits of the oak park-forest belt, and in the zone
of the thorny cushion-type vegetation above it, growing on rock slopes and screes, in open
places or in degraded oak forests in altitudes between 1500 and 3000 m (Browicz & Zielifiski,
1984).

Amygdalus arabica Olivier, [Syn.: A. spartioides Spach, Prunus spartioides
(Spach)]: A. Arabica is a Near Eastern plant. Its range covers southeastern Anatolia, Iraq and
Syria. An erect, broom-like shrub up to 1.5-2.5 m in tall, characterized by stiff, long,
permanently green, glaborous, angled branches. Throughout most of the year the shrubs are
leafless since they shed their leaves at the beginning of the dry season. This almond grows on
dry bare limestone rocks and sandstone cliffs, both in lowland and in hilly terrains. In the
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northern parts of its distribution it occurs in degraded oakwoods, while in the more arid south
it enters forest-steppe, steppe and semi-desert formations. A. arabica is also found in sandy
places and in wadi beds. Its altitude range is between 150-1200 m, rarely up to 1500 m
(Browicz& Zielifiski, 1984).In Turkey, this species can be found in rocky and mountainous areas
(about 400 m to 1500 m), steppes, and semiarid to arid habitats. They may grow in a wide range
of habitats including stony to sandy slopes, dry valleys of Adiyaman and Gaziantep cities in
southeastern region (Atli, 2008).

Amygdalus spinosissima Bunge. [Syn.: Prunus spinosissima (Bunge)]: A very
prickly shrub, 1.5-2.0 m tall or rarely a small tree. The first year twigs are purple-red and
lustrous, the older twigs are grey while the bark of well developed trunks is almost black. The
fruits are variable, up to 2 cm long. Two subspecies have been recognized in this almond:
Relatively taller forms (subsp. spinosissima), with long-ovate to ovate lanceolate and more or
less flattened drupes occur in the eastern part of this species range. Somewhat lower forms
(subsp. turcomanica (O. Lincz.) Browicz.), with smaller and globular fruits grow in the west
part of the range (Browicz & Zielifiski, 1990).

Amygdalus turcomanica Linczis: Essentially the same species as A. spinosissima but
grows at a lower elevation (Denisov, 1988). Typically, the plants are small bushes (1 to 1.5
m) very thorny and adapted to extreme xerophytic conditions of Gaziantep and Sanliurfa
cities of Turkey. Leaves are very small and dark green color. Nuts are very small and
generally round shape (Bayazit, 2007).

Amygdalus orientalis Duhamel, [Syn. A. argentea Lam., Prunus argentea (Lam.)
Rehder]: A subspinescent shrub 1-2(3) m tall, characterized by white tomentose shoots,
leaves and fruits, particularly when of young age. The fruits are very variable in size and
shape_ A. orientalis is a Near East species. In northeast Irag and in south and central Anatolia
it is one of the most common wild almond species. Specimens with large (up to 3 cm) and
much flattened fruits occur in the southern part of its distribution range. A. orientalis mainly
occupies open, sunny niches such as sandy hills covered with steppe or steppe forest
vegetation, loose gravel and limestone cliffs or rock slopes. A. orientalis is a low altitude
plant, growing mainly in altitudes between 600 and 1200 m (Browicz & Zielifiski, 1984) nuts
are small, hard shelled and have grooved (Kester et al., 1991). According to the Bayazit and
Kiiden (2007) Amygdalus orientalis is widely grown in Middle and Southeast Anatolia while
A. turcomenica is prevalent in the Southeast Anatolia region. Nut weights of A. orientalis
types were higher than those from A. turcomenica types in Birecik, Sanliurfa. Types of A.
orientalis had higher kernel weight and nut length and lower shell thickness compared to
types of A. turcomenica. Types of A. orientalis from Middle Anatolia had higher nut and
kernel weight, nut width and length, shell thickness compared to types from Southeast
Anatolia region. All types had bitter kernel in both species and regions (Table 2).

Table 2. Fruit quality and pollen characteristics of important almond species (Bayazit et al.,
2011; Bayazit et al., 2012)

NW KW NwI NL

@ (@ @m @m PV PN/A  PN/F

Species

A. orientalis (Southeast Anatolia) 046 0.19 870 17.10 828 2185 46.114
A. orientalis (Central Anatolia) 085 0.27 1154 21.74 7290 873.1 13410
A. turcomanica (Southeast Anatolia) 0.46 0.18 9.18 1343 841 1932 25.557

NW; nut weight, KW; kernel weight NWI; nut width, NL; nut length, PV; pollen viable, PN/A; pollen number/
Anther, PN/F; pollen number/flower
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Potential usage of almond species for horticulture

Several almond species such as A. orientalis (Mill.), A. turcomanica (Lincz.), A. fenzliana
(Fritsch) Lipsky, A. trichamygdalus (Hand.-Mazz.) Woronow, A. arabica (Olivier), and A.
webbii (Spach) are found in Anatolia. Some of these species has been partly domesticated and
they might offer some possibilities for horticultural utilization. For example, Kester and
Gradziel (1996) reported that immense possibilities exist for rootstock improvement through
the use of other almond species either by direct selection within the species or by their
hybridization with almond cultivars. Thus, these species are important germplasm sources of
almond and their wide genetic diversity present among related almond species provides an
enlarged pool of available germplasm that has not been sufficiently exploited. There is not
any important restriction regarding hybridization and backcrossing of species in almond
breeding studies involving the species present in Anatolia.

Successful almond production under different ecological region and conditions requires
breeding of resistant individuals. For these purposes; A. davidiana (Carr.) and A. mira Koehne
are used for disease resistance of peach and self-fertile cultivars of almond,

A. orientalis is used for cold resistance and self-fertile cultivar breeding of almond,

A. bucharica Korschinsky is used self fertile cultivars of almond, cold resistance
breeding of cultivars and crown development control of almond,

A. kuramica Korschinsky is used for development of self-fertile types and breeding
disease resistance of almond,

A. webbii (Spach) is used for breeding self-fertile cultivars and crown development

control of almond (Kester and Gradziel, 1996; Gradziel et al., 2001). In contrast with most
other almond species, at least some populations (or individuals) of A. webbii are self-fertile
(Socias i Company, 1990). It was suggested that also the rare self-compatible almond
cultivars acquired their self-fertility through hybridization with local A. webbii (Socias i
Company, 1990).
Among the wild almond species of Turkey, A.orientalis is present at the Central and
Southeast Anatolia Regions, while A. turcomanica is present in Southeast Anatolia Region.
High lime content along with very low yearly precipitation (around 340 mm) is typical for
Southeast Anatolia Region. Being present under these conditions suggest that these species
might be tolerant against unfavorable soil conditions such as lime, rocky soil and drought.
The plants of A. orientalis present under Central Anatolia Region had an average plant height
of 151 cm while they had an average of 238 cm plant height under and Southeast Anatolia
Region (Bayazit and Kiiden, 2007). These averages suggest that this is a relatively short
species and might have a potential for a dwarfing rootstock. Indeed, Atli (2008) reported that
A. orientalis can be utilized as a rootstock for cultivated almond without any incompatibility
problem. The researchers also reported that while ‘Nonpareil’ grafted on ‘Texas’ gave an
accumulative yield of 83.8 kg at the end of the 4-yr period, ‘Nonpareil’ grafted on A.
orientalis gave 351.1 kg for the same time interval. Both A. turcomanica and A. orientalis are
known as late flowering almond species. Bayazit (2007) reported that the flowering date of
A.turcomanica was 3-7 d later than those of A. orientalis suggesting a possible avoidance
against late spring frosts as well.

Conclusion
Turkey is one of the genetic centers for almond species. In the present, more than 9 Almond
species have been identified in Turkey. Especially, A. orientalis, A. webbi and A. turcomanica
genotypes are found to be promising for rootstocks breeding programs. Seeds and seedlings
are also serving as rootstocks for almond cultivars. Shrubs of this species show great
tolerance to abiotic stresses such as drought, salinity, low soil fertility and low winter
temperatures; therefore these species may present an important genetic resource to be used in
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breeding programs to generate new cultivars and rootstocks that are more adapted to climate
change. Another feature of this almond species are to be dwarf compared to A. communis.
Therefore also be used in breeding dwarf rootstock.
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Abstract

Among the flowering trees, ornamental peaches are important as landscape dominants in early
spring. The genetic similarity of 23 ornamental peach genotypes, originated from
Prunus mira, P. davidiana, P. persica and P. kansuensis was studied by AFLP-analysis. Eight
(8) combinations of primer/enzyme were used in the study. Totally, 162 fragments including
90 (56.2%) polymorphic ones were obtained. Primer combinations with three selective
nucleotides (E41/M59, E36/M61, E45/M59) were the most informative. Jaccard similarity
coefficient ranged from 0.52 to 1. The analysis by the method of principal coordinates
demonstrated that P. persica cultivars were quite similar and clustered in two compact groups
on the graph. The first group included pink-flower cultivars "Yu Tao', 'Vesna', "Yugoslavsky
Decorativny' and 'Assol’. The second group combined 'Manific' and its seedlings, 'lransky
Decorativny', 'lransky Pestrotsvetkovy', 'Bi Tao' and 'Sahong Tao', with red, pink and
variegated colorings, similar in the shape of flowers. Wild species P. mira and its cultivar
‘Lel’, P. davidiana and its cultivars 'Alba’ and 'Belosnezhka', hybrid of P. kansuensis '‘Malenky
Prince' were at a significant distance from P. persica cultivars, on the graph. Hybrid cultivars
'Zhisele', 'Ruthenia’, 'Decorativny Ryabova', 'Mily' and 'Lubava’ were intermediate between
wild species and P. persica cultivars but more similar to the group of wild peaches. Thus,
AFLP-analysis demonstrated genetic remoteness of wild species from P. persica cultivars, the
close relationships between wild peach and 8 hybrid cultivars originated from those species
and also 2 groups of closely related P. persica cultivars obtained from different regions of
introduction.

Key words: breeding, DNA, cultivar, hybrid, identification

Introduction
Ornamental peaches have been grown since ancient times in China and other countries in
South-East Asia. From there they spread to Persia, and then to the gardens of European
countries, where are cultivated for more than three centuries (Bean, 1950). Since the late of
19th century peaches from China began to be collected on the American continent (Werner
and Okie, 1998). Showy flowering peaches with double flowers of white, rose, red and
variegated colors found its admirers and it is widespread in the world. Now these plants can
be found in every country, wherever the cultivation of peaches exists. In the Botanical
gardens and breeding centers new and original varieties have been obtained (Hu and Zhang,
2001; Komar-Tyomnaya, 2015; Yoshida M. et al., 2000; Jacobson, 1996; Dumitru et al.,
2006). As a result of the introduction and breeding programmes considerable gene pool of
ornamental cultivars was accumulated, genetic relationships of which are not always precisely
known. There are cases when the cultivar falls into the collection without a name, under a
wrong name or name information is lost, and the descendants of the varieties continue to
engage in breeding practice. Modern methods of DNA-genealogy help to establish the validity
in such cases. One of them is the method of analysis of amplified fragment length
polymorphism (AFLP-analysis). AFLP-analysis is informative and effective method for
studying genetic polymorphism at intraspecific and interspecific levels, determination the
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degree of relationship of different cultivars groups of varieties, as well as in other practical
purposes. The positive results of using this method for ornamental peach has been
demonstrated by D. Hu et al. (2005) in the study of ornamental peach taxa from the
collections of the Beijing Botanical Garden (China), National Institute of Fruit Tree Science
(Tsukuba, Japan), the JC Raulston Arboretum, and North Carolina State University (USA).
The aim of this study was to investigate the genetic similarity of the genotypes of ornamental
peach from the collection of Nikita Botanical Garden (NBG-NSC), the relationship between
them were unknown, questionable, or required confirmation.

Materials and methods
Plant material. The genetic similarity of 23 ornamental peach genotypes, originated from
Prunus mira, P. davidiana, P. persica and P. kansuensis were included in the study. The 13
accessions bred in Nikitsky Botanical garden, had famous parents or at least a female form
(Table 1). Other everywhere accessions were obtained from various regions in different years.
The real name of some of them was not always known and it was given by us conditionally
according to the region of introduction. All plants are characterized by upright crown and
semi-double or double flowers, with the exception P. mira, P. davidiana, P. davidiana 'Alba’
and 'Decorativny Ryabova' with five petals.
DNA extraction. DNA was extracted from leaves of germinated cuttings of peach plants by
the method of Puchooa (2004).
AFLP-procedure. AFLP-analysis was performed by the standard method (Vos et al., 1995).
Genomic DNA of each sample hydrolyzed with restriction enzymes EcoRI and Me (NEB). In
this study we used different combinations of EcoRI/Me primers with one selective nucleotide
on the 3'end for the first round PCR, with three or four selective nucleotides for the second
round). Primer sequences are given on the Standard List for AFLP® Primer Nomenclature.
Fractionation of amplification products was performed by polyacrylamide gel electrophoresis.
Electrophoresis in polyacrylamide gel was carried out in the chamber Sequi-Gen® GT
Sequencing Cell (BIO-RAD) using the 3000/300 POWER SUPPLY (BIO-RAD), with small
deviations from the protocol of the manufacturer. As a buffer system was used TBE. Gel was
showed by the method 3 of Benbouza et al. (2006).
AFLP data analisis. The presence (absence) of the amplification products on the gel were
detected visually, the results are recorded in a binary matrix (1 is the presence of a fragment, 0
— no). Statistical data processing was performed using the program PAST 1.67 b, which
carried out the calculation of the Jaccard similarity coefficient between pairs of samples.
Based on the matrix of similarity the analysis was done by the method of Principal Coordinate
Analysis.

Results and discussion

In general, the resulting AFLP-analysis of 23 samples of ornamental peach using 8 primer
combinations 162 fragment were obtained, of which 90 (56.2%) were polymorphic (Table 2).
The number of DNA fragments detected by various primer combinations ranged from 17 to
30. The largest number and the clearest specters were obtained by use E41 / M59 primer
combination. Combinations of primers with three selective nucleotides were more
informative. The number of polymorphic fragments ranged from 6 to 23 for one primer
combination. The level of polymorphism ranged from 35.3% (for the primer combinations
E45 / M50) to 76.7% (for the primer combinations E41 / M59).
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Table 1. Species, cultivars and hybrids of ornamental peach, studied by the method of AFLP-

analysis.
. . Number
Species, CUI.t Ivars and Country of origin Parentage in the
hybrids
study
Prunus davidiana and cultivars
P. davidiana China P. davidiana 21
P. davidiana var. alba China P. davidiana var. alba 1
. ' . i P. persica 'Vostorg' x P.
Belosnezhka Russia, NBG-NSC davidiana var. alba 2
P. persica 'Vostorg' X
TN . ‘Nectadiana 26-76" (P. persica
Mily Russia, NBG-NSC var. nucipersica 'Lola’ x P. 12
davidiana)
P. mira and cultivars
P. mira China P. mira 20
Zhivale! : ) P. mira x 'Effect’ (F4 P. mira
Zhizele Russia, NBG-NSC free polination) 13
‘Lel' Russia, NBG-NSC 'Vesna' X P. mira 23
"Lyubava' Russia, NBG-NSC P. mira x P. persica 4
'Decorativny Ryabova' Russia, NBG-NSC P. mira x P. amygdalus 11
' ‘o . 'Vesna' x 'Decorativny
Ruthenia Russia, NBG-NSC Ryabova 14
'Vesna' Russia, NBG-NSC F4 P. mira free polination 6
P. kansuensis cultivar
. o . i P. persica "Vostorg' x P.
Malenky Prince Russia, NBG-NSC Kansuensis 22
P. persica cultivars
" . . P. persica, ornamental
Assol Russia, NBG-NSC cultivars free pollination 18
"Yugoslavsky . .
Decorativny™ Yugoslaviya P. persica, unknown 15
‘Yu Tao' Japan P. persica, unknown 3
'‘Manific' France P. persica, unknown 5
. . . P. persica 'Manific' free
Adalary v Snegu' —red Russia, NBG-NSC oollination 7
. : . . P. persica 'Manific' free
Adalary v Snegu' — pink  Russia, NBG-NSC oollination 9
‘Adalary v Snegu’ — , P. persica 'Manific' free
versicolor Russia, NBG-NSC pollination 17
'Iransky Decorativny'* Iran P. persica, unknown 16
'Iransky Pestrocvetkovy™ Iran P. persica, unknown 8
‘Ri Tan' China, Beijing .
Bi Tao Botanical Garden P. persica, unknown 19
'‘Sahong Tao' China, Beijing P. persica, unknown 10

Botanical Garden

* - the name is not original.
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Table 2. Information indicators of primer combinations.

The total number of The number of

Primer combinations fragments in the frgg:X&(t)srri)El%e Polymorphic loci, %
spectrum spectrum
E32/M50g 26 14 53.8
E32/M52a 17 9 52.9
E32/M52¢g 19 7 36.8
E36/M59 21 11 52.4
E36/M61 18 12 66.7
E41/M59 30 23 76.7
E45/M50 17 6 35.3
E45/M59 14 9 64.3
In total 162 90 56.2
0,25
0,204 cceeieiannn. - ............... T T ................
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Fig. 1. Principal Coordinate Analysis of ornamental peach according to AFLP-analysis.
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Jaccard similarity coefficient ranged from 0.52 (between P. kansuensis 'Malenky Prince' and
complex hybrid of P. mira and P. persica 'Lyubava’) to 1 (between cultivars P. persica
‘Manific' and 'lransky Decorativny’). This result is quite expected; typically varieties
differences are smaller than differences between species.

Data obtained by us are consistent with the results of other authors. Thus, D. Hu and |X.
Zhang (Hu and Zhang, 2005) in the study of 51 samples of ornamental peaches showed that
the genetic differences ranging from 0.044 (between P. persica cultivars) to 0.4 (between P.
persica and P. davidiana).

The method of Principal Coordinate Analysis showed that the cultivars with P. persica
morphotype are quite similar and form on the graph two compact groups. The first group
includes pink-flowers cultivars "Yu Tao', 'Vesna', "Yugoslavsky Decorativny', 'Assol’, despite
the fact that they have different geographical origins and vary in shape of a flower. Of these,
the most important for us was to determine the genealogical relationship of cultivar "Vesna',
which by the breeding book was listed as a descendant of P. mira (F4 P. mira free polination).
AFLP-analysis showed a significant distance of these two samples, which is also confirmed
by the lack of significant morphological similarities between them.

The second group of P. persica cultivars combined 'lransky Decorativny', ‘lransky
Pestrocvetkovy', 'Bi Tao', 'Sahong Tao', '‘Manific' and his seedlings 'Adalary v Snegu'. This
group of cultivars is characterized, above all, by a similar form of the flower, which is called
peony or wide-chrysanthemum and oval petals, which number is counted from 35 to 60 and
even more. Their corolla color may be monochrome, for example, purple-red, like 'Manific',
or variegated, such as pink with red in 'lransky Pestrocvetkovy', or white with red and pink in
‘Adalary v Snegu' and Sahong Tao'. Seedlings from open pollination of this cultivars group, as
a rule, have a variegated coloring. Probably, these varieties have a common ancestor. Cultivar
'Iransky Decorativny' is characterized by pink flowers, but sometimes the petals have mild
white strokes. Seedlings from open pollination of this cultivar have red flowers, very similar
to the flowers 'Manific'. Considering the high genetic similarity coefficient (1), the nature of
the flower color splitting and morphological similarity, we assume that the 'Manific' is a direct
descendant of 'Iransky Decorativny'.

Wild species P. mira and its cultivar 'Lel', P. davidiana, P. davidiana ‘Alba’ and its cultivar
'‘Belosnezhka', P. kansuensis hybrid 'Malenky Prince' are at a considerable distance from the
cultivars of P. persica on the graph. In addition, in AFLP-spectrum of these samples several
unique fragments were revealed.

Hybrid varieties 'Zhizele', 'Ruthenia’, 'Decorativny Ryabova', ‘Mily' and 'Lyubava' occupy an
intermediate position between wild species and cultivars of P. persica, but still, closer to the
group of wild peaches. This is confirmed by their morphological characteristics described by
us previously (Komar-Tyomnaya, 2015).

Conclusion

AFLP-analysis allowed revealing genetic relationship between the studied samples of
ornamental peach. The genetic distance of wild species of P. mira and P. davidiana from
cultivars of P. persica was confirmed. Closely relationships between 8 hybrid cultivars and
wild species of peach, whose descendants they are, were confirmed. 2 groups of closely
related P. persica cultivars obtained from different regions of introduction were determined.
The obtained data have significant theoretical and practical value. They help to organize the
collection funds for taxonomic and geographical criteria; give an idea about the history of the
varieties spreading and allow to orientate better in the genotypes selection for crossings, etc.
This is always actual for the botanical gardens and breeding centers.
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Abstract

Deficit irrigation creates water stress that can affect the growth and development of maize
plants. Effects of water stress on maize include the visible symptoms of reduced growth,
delayed maturity and reduced crop yield. A field study was carried in 2015 in order to
determine the water — yield relationship of maize in the VVojvodina region, a northern part of
the Republic of Serbia. Maize sensitivity to water stress was determined using a vyield
response factor (K,). To assess the irrigation effects on maize yield, irrigation water use
efficiency (lwe) and evapotranspiration water use efficiency (ETw.e) were determined.
Irrigation has significantly increased the yield of maize. The yield in irrigation conditions
(11698 kg ha™) was 39.3% higher as compared with control without irrigation (8395 kg ha™).
Ky value of 0.52 in the growing season indicates that maize is moderately sensitive to water
stress under semi-arid climate conditions of VVojvodina region. The amounts of water used on
evapotranspiration under irrigated (ETy,) and non-irrigated conditions (ET,) were 512 and 234
mm, respectively. The values of ly,e and ETwee Were 1.16 and 1.19 kg m™, respectively. Ky,
lwe and ETye can be used as a good basis for maize growing in the region in terms of
optimum water use, and also for the improvement of crop technology.

Key words: Maize, Water stress, Water use efficiency, Yield.

Introduction

Maize (Zea mays L.), one of the most important field corps, is grown on approximately 24%
of areas cultivated with cereals (about 155 million ha). Furthermore, the participation of
maize in grain production amounted to approximately 30% (i.e. about 609 million tons), while
the average yield was 4.97 tha™ in the period 2006—2015 (FAO Statistical Yearbook, 2015).
In Vojvodina, a northern part of the Serbia Republic, maize is the dominant field crop, grown
on average in 640,000 ha, or about 42% of the total arable land. The average yield in the
period 2006-2015 was 5.0 t ha™, with a significant variation from 2.94 to 6.44 t ha™
(Statistical Yearbook of Serbia, 2015), correlated, first of all, with the sum and distribution of
precipitation..

It is generally considered that maize is resistant to drought and that maize plants use water
economically. Nevertheless, maize consumes great amounts of water due it is large vegetative
mass, high yields and a long growing season. In the case of water deficiency, maize
successfully overcomes drought, but yields less, because plants consume less readily available
categories and forms of water from the soil (Bosnjak et al., 2005). Based on long-term
experiments carried out under the conditions of Vojvodina, Bosnjak et al. (2005) pointed out
to maize yields lower by 28.7% as a result of a deficit of easily available soil water with a
remark that yield can be lower by 147-159% in extremely dry years in relation to yields
recorded under irrigation conditions. Cakir (2004) emphasizes the yield amount of 15 t ha™
under irrigation conditions in north-western parts of Turkey, while the amount of 5 t ha™
under rainfed conditions. A striking example of low yields of maize (ranging from 1.22 to
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4.63 t ha*) under rainfed conditions is provided by studies carried out by Vasié et al. (1997)
in the arid region of eastern Serbia. The effect of irrigation on the increase of maize yields
depends on weather conditions of the year, primarily on the sum and distribution of
precipitation. In dry years, it can be great (Bosnjak and Peji¢, 1994), while in wet years, it can
be very modest or even it can be omitted (Peji¢ et al., 2011).

The actual evaluation of stress related to the yield due to soil water deficit during the maize
growing season can be obtained by the estimation of the yield response factor (Ky), that
represents the relationship between a relative yield decrease (1-Y./Yn) and a relative
evaporation deficit (1-ET./ETy). In fact it is the amount of yield (Y) lost per unit of
evapotranspiration (ET) loss. A larger Ky value indicates larger yield losses due to water
deficit. Doorenbos and Kassam (1979) estimate 1.25 of K, for the maize growing season.
Vaux and Pruitt (1983) suggest that it is highly important to know not only the Ky values from
the literature but also those determined for a particular crop species under specific climatic
and soil conditions. This is because Ky may be affected by other factors besides soil water
deficiency, namely soil properties, climate (environmental requirements in terms of
evapotranspiration), growing season length and inappropriate growing technology. In order to
approach the implementation of any idea on the intensive utilization of agroecological
conditions or the development of new procedures for the irrigation regimes of crops, it is
necessary to know precise water needs of plants, i.e. potential evapotranspiration (ETP).
Water requirements of maize under agroecological conditions of the VVojvodina region vary
from 450 to 540 mm (Bos$njak, 1982, Vasi¢, 1984, Peji¢, 2000).

The estimation of water use efficiency in relation to evapotranspiration (ETwe) can show a
more realistic evaluation of irrigation effects, i.e. of the irrigation regime applied in maize
crops. Also, the importance of analyzing ET.e is illustrated by the efforts of numerous
studies that consider the total water use for evapotranspiration towards transpiration use as to
the productive part of water to plants (Howell et al., 1997). The parameter ET,ue mostly
depends on precipitation amount and distribution and establishes whether the growing period
is favorable for plant production or not. Wang et al. (1996) pointed out that crop yield
depends on the rate of water use and all the factors that increase yield and decrease water used
for ET favorably affect the water use efficiency. Howell (2001) indicated that ETe generally
is highest with less irrigation, implying full use of the applied water and perhaps a tendency to
promote deeper soil water extraction to make better use of both the stored soil water and the
growing-season precipitation. An even clearer estimation of irrigation effects and the applied
irrigation regime can be obtained by the evaluation of irrigation water use efficiency (lye). If
the irrigation regime is not synchronized with water needs of crops, water and physical
properties of soil and weather conditions, the effect of irrigation can fail, that is the I, values
can be bellow the optimum. The parameter, lwe, generally tends to increase with a decline in
irrigation if that water deficit does not occur at a single growth period (Howell, 2001).

The objective of the study was to estimate the yield response factor (Ky) and on the basis of
this factor to analyze a seasonal maize response to water stress and in such a way to obtain
additional information that can be useful in the improvement of maize growing practices
under climate conditions of Serbia. The established values of ETe and Iy, wWill be used in
analyses of the applied irrigation regime and effects of irrigation on maize yields with the aim
to use water more efficiently in irrigation practice. Estimated values of water use on maize
evapotranspiration will be compared with previously established water requirements by maize
under agroecological conditions of Serbia.

Material and Methods

The experiment with irrigated corn was conducted at Backi Petrovac experimental field of
Institute of Field and Vegetable Crops in Novi Sad (N 45° 197, E 19° 50") on the calcareous
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chernozem soil on the loess terrace in 2015. Over the 1964 to 2014 period, the annual mean
air temperature, precipitation and relative humidity were 11.2°C, 598.7 mm and 76%
respectively. According to the Hergreaves climate classification system, the study area is
classified as arid in the summer period, from Jun to August (Bosnjak, 2001). In the growing
season (16 April to 25 August), the mean air temperature and total rainfall were 20.2°C and
220 mm respectively. As expected, rainfall is not sufficient for maize production. For this
reason, irrigation is needed for acceptable yields of maize grown in the region. The amount of
water added by irrigation was 285 mm (Fig. 1, Tab. 2). Maize hybrid NS 6030 was used for
the trials. The row spacing was 0.70 by 0.24 m. The size of the experiment unit was 50.0 m?
(2.1 x 24.0 m) and was replicated three times.
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Figure 1. Irrigation schedules, irrigation water applied and meteorological data for the
experimental year

The trial was established in a system of random blocks and adapted to technical specifications
of drip irrigation system. The plants were irrigated with a lateral row per plant row with
drippers spaced every 0.1 m. The drippers had an average flow of 1.4 1/h under a pressure of
70 kPa. The trial included irrigated and non-irrigated, control variants. Irrigation was
scheduled on the basis of water balance method using reference evapotranspiration (ET,) and
crop coefficients (k;). ET, was calculated by Hergreaves equation (Hergreaves and Samani,
1985).

ET,=0.0023(Tp,+17.8)(y/ Tmax-Tmin )Ra

ET, — reference evapotranspiration (mm day™), T — the average daily air temperature (°C),
Tmax — the maximum daily temperature (°C), Tmin — the minimum daily temperature (°C), R.—
the extraterrestrial radiation (mm d*).

Daily water used on plants evapotranspiration (ET4) was calculated by multiplying ET, with

kc values (according to FAO, 2015) for initial stage 0.3-0.55, crop development stage 0.7—
0.85, mead season stage 1.05-1.2 and late season stage 0.8-0.9 (Fig. 2).

ET4=ET, k,

Irrigation started when readily available water in the soil layer of 40 cm was completely
absorbed by plants.
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Figure 2. Daily evapotranspiration and crop coefficient of maize
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Yield response factor: The yield response factor (Ky) for total growing season was determined
using the Steward’s model (Doorenbos and Kassam, 1979) as follows:

(-52)=% (-552)
Y,/ Y\ ET,

Where: Y, = the actual harvested yield (non-irrigated, kg ha™*), Y = the maximum harvested
yield (under irrigation, non limiting conditions, kg ha™), K, = the yield response factor, ET, =
the actual evapotranspiration (mm) corresponding to Y, ET, = the maximum
evapotranspiration (mm) corresponding to Y, (1-ET./ETy) = the relative evapotranspiration
deficit, and (1-Ya/Y ) = the relative yield decrease.

Water productivity: Irrigation water use efficiency (lwwe, kg m™) and evapotranspiration water
use efficiency (ETwwe, kg m™) were estimated as Bos (1981, 1985).

Y- Y,

wue
I

ET . Ym' Ya
W ET - ET,

Where: | = the amount of irrigation water applied (mm)

All recommended agronomic practices were applied for cultivation and plant protection at the
experimental site. A total of 130 kg N/ha, 75 kg P,Os/ha and 75 kg K;O/ha fertilizer was
applied according to recommendations based on the results of the soil analysis. The
technological maturity of the crop was detected on 25 August, but maize was harvested by
hand on 30 September. Precipitation and air temperature data were obtained from
Meteorological Station located at Backi Petrovac experimental field (Figure 1). Grain yield
was expressed in kg ha™ adjusted to 14% moisture content. Statistical processing of data was
done by the analysis of variance (ANOVA) and testing the obtained results by the Fisher’s
LSD test (P< 0.05 levels between the means).

Results and Discussion
Irrigation has significantly increased the yield of maize. The yield in irrigation conditions
(11698 kg ha™*) was 39.3% higher as compared with control without irrigation (8395 kg ha™)
(Tab. 2). Results are in agreement with many studies conducted in a wide range of
environments which confirm that irrigation can significantly affect the yield increase of maize

145



(Istanbulluoglu et al., 2002, Cakir, 2004, Pejic et al., 2010, 2011, 2013). In the study period,
evapotranspiration rate in irrigation conditions (ET,,) and in rainfed control variant (ET,) was
512 mm and 234 mm respectively (Tab. 1 and 2). The calculated value of maize ET, of 512
mm is in accordance with values previously recorded for the agroecological conditions of the
Vojvodina region. Bosnjak (1982), Vasi¢ (1984), Peji¢ (2000) determined in field plots that
water requirements of maize for the conditions of Vojvodina varied from 460 to 530 mm.
Skori¢ and Berié (1994) have determined for the same climate conditions by the calculation
over reference evapotranspiration (ET,) and crop coefficients (kc) that water requirements for
normal growth and development of maize amounted to 523 mm. Stegman (1986) reported
similar values of seasonal water use of maize for North Dakota of 432-514 mm. The
calculated values of the deficit in readily available soil water of 278 mm (Tab. 1) point to the
fact that the genetic potential for yield of otherwise very high-yielding maize hybrids will not
be fully realized, since the amount of precipitation determines the potential yield levels.

Table 1. Water balance of maize

Elements - Month -
April May Jun July August Growing season

ETrm (mm) 19 62 120 195 116 512
P (mm) 1 126 25 9 59 220
A -18 +28 -60 0 0

r (mm) 30 12 60 0 0

ET,(mm) 19 62 85 9 59 234
d (mm) 0 0 35 186 57 278
s (mm) 0 16 0 0 0 16

ET— the maximum evapotranspiration—irrigated (mm), P — monthly rainfall sum (mm), A + —
difference in rainfall (P) and ET,, represents deficit or suficit after consuming or filling the
reserve of readily available water, ET,— the actual evapotranspiration — rainfed (mm), d —
deficit of readily available water (mm), s — suficit (mm)

Agriculture in Vojvodina indubitably lacks water as one of the cornerstones of crop
production (Vuci¢, 1976). The value of Ky of 0.52 recorded for the maize growing season
(Tab. 2) is lower than values established by other researchers based on results obtained under
arid climatic conditions (Doorenbos and Kassam, 1979, 1.25 FAO publication, Howell et al.
1997, 1.47 for Bushland in Texas, Cakir, 2004, 1.36 for arid conditions of Turkey). Obtained
Ky value of 0.52 is in accordance with results obtained under moderate climate. Furthermore,
Kanber et al. (1990) and Istanbulu et al. (2002) have established values of 0.93 and 0.76 for
coastal areas of Turkey. Peji¢ et al. (2009) point out that the Ky value of 0.65 determined for
climate conditions of VVojvodina is the result of weather conditions, first of all, of precipitation
amount and their distribution. Value of 0.52 in the growing season indicates that maize is
moderately sensitive to the soil water deficit under climatic conditions of Vojvodina. On
average, relative evapotranspiration decrease was 73%, resulted with yield reduction of 28%
(Tab. 2).

Table 2. Yield response factor and water productivity of maize
ETm ET, Ym Ya 1-Yo/lYm 1-ETJETm K, I lwee  ETwue
512 234 11698° 8395° 0.282 0.732 052 285 116 1.19

The best method to describe the role that irrigation has in water use efficiency (WUE) in
irrigated agriculture is by expressions given by Bos (1981, 1985). Many researchers have
evaluated water use efficiency in different ways (Bos, 1985, Howell, 2001, Payero et al.,
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2006). Consequently, care should be taken when comparing WUE values. Gained results
under given agroecological conditions can be compared only in the approximately same
temporal distance, because not only genetic potential of yielding was smaller more than 30
years ago (Peji¢, 2013), but also growing practices have been significantly modified
(Videnovi¢ et al., 2007). Irrigation water use efficiency (Iwe) and evapotranspiration water
use efficiency (ETwue) determined in the period of investigation was 1.16 kg m™ and 1.19 kg
m™3, respectively (Tab. 2). Obtained values are congruent with results of Yazar et al. (2009)
gained for the conditions of the Mediterranean climatic conditions in Southern Turkey, for the
maize irrigated by drip system (lwee 1.61 kg m™, ETuwwe 1.54 kg m™). Peji¢ et al. (2010)
determined for the conditions of Vojvodina region Iy and ETye 1.8 kg/m® to 2.8 kg/m®,
respectively. Robertson et al. (1980) recorded maximum values of lye (4.5 kg m™) for the
conditions of Florida noting that the highest maize yields were recorded when I, ranged
from 2.0 to 3.0 kg m>.

Conclusion

Based on obtained results it can be concluded that irrigation significantly influenced yield of
maize in semi-arid climatic conditions of the Vojvodina region. The yield in irrigation
conditions (11698 kg ha™) was 39.3% higher as compared with control without irrigation
(8395 kg ha™). Evapotranspiration rate in irrigation conditions (ET) and in rainfed control
variant (ET,) were 512 mm and 234 mm respectively. The value of Ky in this study of 0.52
indicates that maize is moderately sensitive to the soil water deficit under climatic conditions
of Vojvodina. Iy and ETwe were 1.16 kg m=3and 1.19 kg m™ respectively. These results
could be used as a good platform for maize growers in the region in terms of improvement of
the cropping technology, optimum utilization of irrigation water and for the planning, design
and operation of irrigation projects.
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Abstract

Sweet basil is a species with high environmental requirements, especially temperature
conditions. Therefore, in Polish climate, its cultivation in the field is difficult. The solution of
the problem may be e.g. modern fertilizers that positively influence on the general condition
of the plants so that they can increase their yield. In this work, morphological and
developmental traits (plant height, number of lateral shoots per plant, number of leaves) as
well as the yield and quality of sweet basil herb were determined. Herb was collected twice:
in July and in September (regrowth). The raw material was assessed in respect of essential oil
content and its chemical composition, as well as flavonoids and polyphenolic acids content.
Plant height ranged average from 31.65 to 32.50 cm, the number of lateral shoots from 10.01
to 10.73 pcs, the number of leaves per plant from 59.73 to 68.88 pcs. Mass of herb depended
only on the term of harvest and for the first harvest it was 121.92 g dry mass-m’, for second
harvest — 314.69 g dry mass-m2. Essential oil content ranged from 0.620 to 0.72 ml-100g™.
Its main components were: linalool, 1.8 cineol and eugenol. Flavonoids content ranged from
0.31 t0 0.39 g-100 g™, polyphenolic acids from 0.63 to 1.48 g-100g™.

Keywords: Basil, growth stimulator, biometric features, essential oil, polyphenolics

Introduction

Medicinal plants have been the main source of drugs for a long time and the knowledge of
their application and activity was passed down from generation to generation. Currently,
interest in herbal medicines is very large and still increasing (Keh-Shaw et al., 1993; Newman
and Cragg, 2007). Many medicinal plants are also used as spices, and their medicinal and
aromatic properties have a beneficial effect on the digestion process and absorption of
nutrients. Such a plant is sweet basil, Ocimum basilicum L., used not only as a spice plant, but
also as an aromatic, medicinal and cosmetic agent (Loughrim and Kasperbauer 2001; Aburjai
and Natsheh, 2003; Makri and Kintzios, 2007; Khan et al., 2011). In connection with such a
comprehensive use of basil, the request for raw material and seeds of this specie is constantly
increasing. In turn to get raw material of very good quality it is important to develop effective
and safe for the environment and consumer method to control growth and development of that
plant. Still looking for a modern means of production, which would mitigate the negative
effect of the climate on yields of thermophilic plants, making them less sensitive to stress
conditions. In order to improve these processes bio-stimulators can be used. They do not
affect directly life processes of plants, but the impact on their metabolism. They provide
macro- and micronutrients, thereby causing an increase in resistance to diseases and pests.
The use of growth stimulants can play an important role in increasing the yield and quality of
crops, as well as in improving the health and the overall condition of plants (Dysko, 2008).

The aim of the experiment was to evaluate the effect of the Nano-Gro® on the growth of
sweet basil (Ocimum basilicum L.). It included the characteristics of morphological and
development traits as well as yield and quality of the basil herb. The quality of the above raw
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material was determined on the basis of chemical analyzes, including the content of essential
oil and its chemical composition, as well as flavonoids and polyphenolic acids content.

Materials and Methods
Seedlings to establish the experiment were produced in the greenhouse of Department of
Vegetable and Medicinal Plants, Warsaw University of Life Sciences (SGGW) (Poland), from
seeds bought in the garden shop. When the seedlings have developed one pair of true leaves
they were transplanted into multipalets. After the formation four pairs of true leaves the plants
were planted into a field at a spacing 30x40 cm, on plots of 5 m?, in the first decade of June
2014 and 2015. The experiment was set in four replications, randomized block.

Experiment factors:
- Variants of Nano-Gro® application
Variant 1 (V1) - seeds/plants were not treated Nano-Gro® - control
Variant 2 (V2) - seeds were not treated Nano-Gro®. After germination, when the seedlings
were reached approximately 2 cm in height, plants were sprayed the above preparation.
Variant 3 (V3) - seeds were treated Nano-Gro® (soaking for 30 seconds directly before
sowing). After quilting seedlings to multipalets, plants were sprayed of Nano-Gro®.
Variant 4 (V4) - seeds were treated Nano-Gro®™ (as above). Directly after planting in the field,
the seedlings were sprayed Nano-Gro®
Solutions of Nano-Gro® for seed soaking and plants spraying were prepared according to the
manufacturer's instructions on the package.
- Term of observation of morphological and development traits.
In each plot 5 plants were randomly selected (20 plants for each combination), for
observations of morphological and developmental characteristics. Research was carried out in
4 stages of plants development: the vegetative stage (third decade of June), before flowering
(first decade of July), in full flowering stage (third decade of July) and the after flowering
plants (third decade of August). At any term of observation plant height, number of lateral
shoots, number of leaves per plant and mass of one plant were measured.
- Term of herb harvest
Herb was harvested twice. The first harvest was carried out in the second decade of July,
when the plants were at the beginning of flowering. All the plants of plot (except the selected
for observation) were cut down about 10 cm above the ground. The second harvest was made
in the first decade of September (regrowth - the plants were in the vegetative phase). Raw
material from both harvests was dried in drying chamber at 35 °C and air-dry mass of the herb
received. The results were calculated per 1 m?.
In the air-dry herb, the content of essential oil and its chemical composition as well as the
content of flavonoids and polyphenolic acids were determined.
The content of essential 0il was determined by steam distillation, according to a method described
in Polish Pharmacopoeia X (2014). Separation of essential oil compounds was performed by
gas chromatography (HP Model 6890) in the following conditions: temperature of detector —
250°C, temperature of injector — 220°C, temperature programme — 60°C — 220°C, 5C-min™,
capillary column — Carbovax 20m x 0.32 mm, 25m x 0.2 mm. Identification of essential oil
components was carried out by comparing their time of retention with adequate standards.
The content of polyphenolic acids and flavonoids were determined according to Polish
Pharmacopoeia X (2014)
Total content of polyphenolic acids (calculated as caffeic acid) was made from aqueous
solution with Arnov reagent, in the presence of 1n HCL and 1n NaOH. Absorbance of the
obtained solution was measured at 490 nm length wave.
Total content of flavonoids were quantified by using the chelating properties of the molecules
towards AICl3, with quercetin used as standard. The raw materials was extracted with acetone.
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The hydrolysis of flavonoids was done by using of hydrochloric acid (28 g-1™%). Flavonoids
were extracted from acetone extract witch ethyl acetate. Absorbance of the obtained
flavonoids solution was measured at 425 nm length wave.

The presented results (except essential oil composition) are the mean from the two-year
experiment. Chromatografical analysis of essential oils were made only in 2014.

The results were subjected to statistical evaluation using ANOVA 1 and ANOVA 2
programmes and Tukey’s test at the significance level a=0.05.

Results and Discussion

Sweet basil (Ocimum basilicum L.) is a popular aromatic, medicinal, spice and cosmetic plant
(Loughrim and Kasperbauer, 2001; Aburjai and Natsheh, 2003; Khan et al., 2011). In
connection with such diverse possibilities of its use, the demand for its raw material (herb), is
constantly increasing. However, the cultivation of this species in Polish climatic conditions is
not easy, due to the high thermal requirements of this plant. Therefore it is necessary to search
for such methods of cultivation that would mitigate the negative effects of our climate
making sweet basil less sensitive to stress conditions. This role may fulfill modern fertilizers,
which besides a favorable impact on yield also improves the overall condition of the plant. An
example of such a measure is the Nano-Gro® preparation (Wallace, 2006). In this experiment
we analyzed the effect of the Nano-Gro® on the growth and yield of sweet basil, as well as on
the content of selected chemical components of the herb: essential oils, flavonoids and
polyphenolic acids. Numerous studies point to the positive impact of the above preparation on
the vyield of agricultural plants, fruit, vegetables and flowering plants but there is no
information about its direct impact on the behavior of the herbal plants, including sweet basil.
Effects of other bio-fertilizer and bio-stimulators (e.g. Kadostim and Nitroxin) on
morphological traits of sweet basil were studied by Rahimi et al., (2013). Preparations
influenced stimulating inter alia, on the height of basil plant analyzed by these authors. Plants
treated by these fertilizers were clearly higher in comparison with the control plants.
Kwiatkowski and Juszczak (2011) also observed that spraying of basil plantation such
preparations as Asahi SL and Titanite resulted in about a 12% increase in plant height,
compared to the control plants. The above-mentioned bio-stimulators also had a significant
effect on the growth of the shoots relative to the control group (for Asahi SL -16.7; for
Titanite - 15.5% ). In the present study no significant differences were observed in plant
height and number of lateral shoots between the control and plants treated with Nano-Gro®.
Similar results obtained Roston et al (2011) for such bio-fertilizers as Aminoplant, Goémar
Goteo and Goémar BMS86 used in the cultivation of sweet basil. Application of Nano-Gro®
significantly influenced only on the number of leaves, with the proviso that clearly more
leaves was observed in the case of control plants compared with these treated above
preparation. On the examined characteristics significant impact had only term of observation.
In all variants of experiment, the highest plants, with the highest number of lateral shoots and
leaves were observed in the last period of observation (Table 1, Table 2, Table 3).
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Tablel. The influence of Nano-Gro® application and term of observation on height of plants

[cm]
Variant of Term of observation
Nano-Gro®  Third decade  Firstdecade  Third decade  Third decade Mean
application of June of July of July of August
V1 14.35b 19.75b 24.65Db 69.40 a 32.04 A
V2 15.25b 20.50 b 25.65b 68.60 a 32.50 A
V3 13.25b 18.60 b 26.55b 68.20 a 31.65 A
V4 14.75 b 20.95b 25.25b 66.30 a 31.81 A
Mean 14.40 C 19.95 BC 25.53 B 68.13 A

Table 2. The influence of Nano-Gro® application and term of observation on number of
lateral shoots [pcs per plant]

Variant of Term of observation
NanoGro®  Third decade First decade  Third decade Third decade Mean
application of June of July of July of August
V1 7.30a 10.35a 12,50 a 12.75 a 10.73 A
V2 7.25a 10.40 a 11,50 a 12.00 a 10.29 A
V3 6.85 a 9.75a 11.20 a 12.25a 10.01 A
V4 750 a 10.20 a 12.10 a 125a 10.58 A
Mean 7.23C 10.18 BC 11.83B 12.38 A
Table3. The influence of NanoGro® application and term of observation on number of leaves
[pcs per plant]
Variant of Term of observation
Nano-Gro®  Third decade First decade Third decade Third decade Mean
application of June of July of July of August
V1 19.50 e 42.00 d 60.50 ¢ 153.50 a 68.88 A
V2 19.25e 42.50 d 60.25 ¢ 117.00 b 59.73C
V3 18.00 e 38.75d 59.50 c 157.70 a 68.49 B
V4 20.50 e 39.80 d 53.00 dc 144,50 a 64.28 BC
Mean 19.31D 40.76 C 58.31 B 143.18 A

Application of Nano-Gro® not significantly impact the growth of plant height and number of
lateral shoots. However, there was a significant influence on the increase in the number of
leaves. Clearly more leaves during vegetation were created by plants from the variant 3
(139.70 pcs), only slightly less control plants, substantially less leaves, however, created
plants in variant’s 2 and 4 (Table 4).Wallace (2006) testing Nano-Gro® on another herbal
specie - tobacco observed that tobacco plants treated above preparation grew faster compared
with the control plants, produced also about 30% more leaves.
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Table 4. Increase in plant height, number of shoots and number of leaves during the
vegetation

The increase in the

Variant of . . The increase in the
Nano-Gro® The increase in number of lateral number of leaves
- height [cm] shoots [pcs per
application olant] [pcs per plant]
V1 55.05 a 545a 134.00 a
V2 53.35a 4.75a 97.75¢
V3 54.95 a 540 a 139.70 a
V4 51.55a 5.00 a 124.00 b

Evaluation of yielding of sweet basil showed that the use of Nano-Gro®, irrespective of the
application way, does not affect the mass of herb. It is true that the highest air-dry mass of
herb was obtained for variant, wherein seeds was soaked and plants was sprayed Nano-Gro®
after planting in the field (the average of 225.30 g'm™), but it was not significantly higher
mass, compared to control plots. Different results obtained Rahimi et al. (2013), who showed
that the use of biological fertilizers such as Fosnutren and Nitroxin significantly increases
total fresh and air-dry mass of basil herb. In this experiment on the tested parameter
significantly affected only the term of harvest. Plants collected in the flowering stage (the first
term of harvest) gave two and a half lower mass of the dry herb, compared with plants
collected in the second term (regrowth). That was respectively 121.92 and 314.69 g-rn‘2
(Table 5).

Table5. The influence of Nano-Gro® application and term of harvest on air-dry mass of herb

[g'm”]
Variant of Nano- First term of Second term of Mean
Gro®” application harvest harvest
V1 125.23 b 314.70 a 219.97 A
V2 122.01b 308.34 a 215.18 A
V3 119.49 b 306.03 ab 212.76 A
V4 120.93 b 329.67 a 225.30 A
Mean 121.92 314.69*

*p=0.05

In the cultivation of herbs draws attention not only on the yield but also the quality of
obtained raw material. Herb of sweet basil is primarily investigated for content of essential
oil. Hussain et al. (2008) report that the essential oil content in above raw material is from
0.5% to 0.8%. The results obtained in this experiment were similar. Content of essential oil
ranged from 0.58 to 0.73 ml-100 g™. The highest content of this component was determined
for variant 4, while the lowest - for plants from untreated seeds, sprayed after germination
(variant 2). However, there were not found significantly differences in the content of essential
oil depending on the variant of application Nano-Gro®. This parameter is not significantly
affected also by term of harvest of raw materials, but a higher content of essential oil was
characterized by the material collected in the second term (regrowth). Effects of other bio-
fertilizer (Aminoplant, Goémar Goteo and Goémar BM86) on the content of essential oil in
the sweet basil herb studied Roston et al., (2011). Of the three above-mentioned preparations
only Goémar Goteo significantly influenced the content of essential oil (decreased it). The
chromatographic analysis of obtained essential oils showed that the important components in
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the tested oils, irrespective of the variant of Nano-Gro® application were linalool, 1.8-cineol,
eugenol and eugenol derivatives. Similar results were obtained by many authors (Lee et al.,
2005; Hussain et al., 2008;Carovi¢-Stanko et al., 2010) (Table 6, Table 7).

Table 6. The influence of Nano-Gro® application and term of harvest on essential oil content
(ml-100 g™

Variant of Nano- Second term of

Gro® application First term of harvest harvest Mean
V1 0.65a 0.68 a 0.67 A
V2 0.58a 0.65a 0.60 A
V3 0.68 a 0.73 a 0.71 A
V4 0.73 a 0.70 a 0.72 A
Mean 0.66 0.69

Table 7. Identified components of sweet basil essential oil and their percentage share [for first
time of harvest, 2014]

Variant of Nano-Gro® application

Chemical V1 V2 V3 V4
compound
[%]

a-pinene 0.61 0.65 0.75 0.40
[-pinene 1.24 1.25 1.47 0.81
B-myrcen 1.66 1.90 2.08 1.18
1.8-cineol 11.63 10.31 12.72 7.40
y-terpinene 0.10 0.10 0.10 1.69
Camphor 0.24 0.39 0.27 1.21
Linalool 50.03 53.61 55.71 32.97
Terpinene-4-ol 4.83 5.24 4.31 2.50
Methylchavicol 3.62 1.15 1.46 3.00
a-terpineol 1.06 1.02 1.07 2.17
Eugenol 8.55 6.15 6.20 4.40
Eugenol deriv. 3.56 3.76 3.27 2.62

Besides essential oil an important components of the sweet basil herb are polyphenols,
including flavonoids and polyphenolic acids (Javanmardi et al., 2003; Lee and Scagel 2009).
The presence of flavonoids was pointed out many authors (Grayer et al., 1996, Harnafi et al.,
2009). In the present study we demonstrated that the application of Nano-Gro® significantly
affect the content of these compounds. The highest content of flavonoids were characterized
by control plants (average 0.39 g-100g™), the lowest — for plants from seed treated and
sprayed preparation Nano-Gro® after planting them in the field (average 0.31 g-100g™). The
content of these compounds influenced also term of harvest. Significantly more flavonoids
were determined in the raw material obtained from first term of harvest in compare to the
second harvest. Analyzing, in turn, the results on the content of phenolic acids it was observed
that significantly more of these compounds there are in plants from variant 4 than in the other
variants, including control plants. Higher content of polyphenolic acids also was observed in
the raw material collected in the second term (regrowth) (Table 8, Table 9).

154


https://scholar.google.pl/citations?user=g2eTStUAAAAJ&hl=pl&oi=sra

Table 8. The influence of Nano-Gro® application and term of harvest on flavonoids content

[g:100 ]
Variant of Nano- First term of Second term of Mean
Gro®” application harvest harvest
V1 0.47 a 0.31cd 0.39 A
V2 0.35 cd 0.29 cd 0.32C
V3 0.38hc 0.28 cd 0.33BC
V4 0.37bcd 0.26d 0.31D
Mean 0.39* 0.28

*p=0.05

Table 9. The influence of Nano-Gro® application and term of harvest on polyphenolic acids
content [g-100 g']

Variant of Nano- First term of Second term of

Gro® application harvest harvest Mean
V1 0.52c 0.80b 0.66 B
V2 0.44 c 0.83b 0.63B
V3 0.49c 0.89b 0.69 B
V4 1.35a 161la 148 A
Mean 0,70* 1,03
*p=0.05
Conclusions

The obtained results indicate that the yield of sweet basil and quality of obtained raw material
most of all is affected by proper cultivation and optimally chosen term of harvest of raw
material. Preparation Nano-Gro® used in the sweet basil cultivation not significantly affected
both the morphological features as well as herb yield and its quality. Application of the above
preparation in the cultivation of basil is not justified.
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Abstract

Micro-propagation, callus and antimicrobial activity developed efficient protocols of R.
graveolens were used under controlled conditions to overcome limitations of the conventional
propagation methods. MS medium supplemented with different plant growth regulators IBA,
IAA, 2,4-D and NAA using different concentrations of 0.0, 0.4, 0.8, 1.2, 1.6, 1.8 and 2.0 mg/I
were evaluated for their effects on adventitious root induction. Our result showed that the
highest number of new root (3.25 cm) was obtained using MS medium with 0.4 mg/l 2,4-D.
Whereas, using 0.2 mg/l 2,4-D resulted in highest root length per explants. In our research the
Antimicrobial activity of different extract types and volume (40 or 80 ul) was studied using
agar-well diffusion assay against five bacterial species of three gram positive bacteria
(Staphylococcus aureus, Bacillus cereus, Micrococcus latus), two gram negative bacteria
(Escherichia coli, Salmonella typhmurim), and four fungal species (Alternariasolani,
sclerotiniasclerotiorum, Fusariumoxosporium, and Verticillium dahlia). Results indicated that
all tested extracts at different volume revealed antimicrobial activities against all tested
bacterial species and did not display antifungal activity against Alternariasolani,
Sclerotiniasclerotiorum and Verticillium dahlia except Fusariumoxosporium.

Key words: In vitro, Ruta Graveolens, Antimicrobial, Ex Vitro

Introduction
Ruta graveolens is an important medicinal plant belongs to the family Rutaceae and is a
small aromatic perennial shrub, which grows throughout Jordan and is native to the
Mediterranean region (Khouri and EI-Akawi, 2005). It is currently used by many people in
Jordan as an aphrodisiac, fertility promoting agent antispasmodic, diuretic, sedative, and
analgesic effects and externally for its antirheumatic effect (Khouri and Akawi, 2005). In
addition, it’s have antifungal properties that could be beneficial to agriculture and medicine
(Ojala et al., 2000). Previous study by (Ojala et al., 2000) indicated that extract of R.
graveolens showing high toxicity against Rhizoctonia solani. Furthermore, growth of
Heterobasidium annosum was inhibited, whereas that of Phytophtora cactorum was promoted
by the extracts. The antifungal activities of six natural coumarin compounds were weak,
except for the inhibitory effect against Fusarium culmorum (Ojala et al., 2000). Moreover, R.
graveolens showed antimicrobial activity against some bacterial species Escherichia coli,
Streptococcus pneumonia, Salmonella typhi, Klebsiella pneumonia and Proteus vulgaris.
Karouei et al., (2011) showed that root ethanolic extract of R. graveolens had antifugnal
effects and prevented from saprolegnia growth. Furthermore, (Dababneh and Khalil, 2007)
reported that Achillea santolina extract inhibits growth of Fusarium oxysporum and

157


mailto:ziajlouni@just.edu.jo

Rhizoctonia solani of about 42%. Moreover, the volatile oil has a pungent smell and bitter
taste, and possesses antibacterial activity against Micrococcus pyogenes and Escherichia
coli (Anonymous, 2003).

In vitro propagated medicinal plants provide a ready source of uniform, sterile, and
compatible plant material for biochemical characterization and identification of bioactive
constituents (Mahmoud et al.,). Faisal et al., (2005) reported direct shoot bud induction in
nodal segments of R. graveolens through axillary shoot multiplication. In addition, secondary
metabolites from tissue cultures may be more easily purified because of simple extraction
procedures and absence of significant amounts of interfering pigments, which it will minimize
the cost of purifying and producing such valuable compounds (Nalawade and Tsay, 2004).
Therefore, the goal of this study is to determine the effect of different in vitro, ex vitro and
callus of R. graveolens extracts against some microbes as a possible alternative to antibiotic
drugs.

Materials and methods
Source material and explants preparation
In vitro cultures were established at the Al-Balga Applied University before being used in
laboratory. Seed were collected from five years old R. graveolens from the Al-Sareeh, Irbid,
Jordan (about 600 meters above sea level, 32.3306° N latitude and 35.8951° E Longitude).

Shoot induction, callus formation, in vitro rooting and acclimatization

Plantlet were subcultured onto 250 ml Erlenmeyer flask containing about 60 ml MS medium
supplemented with 30 g/L sucrose and 0.3 mg/l BAP, 0.05 mg/l IBA and 1.0 mg/l GA3 in
order to multiplication of plant in vitro. Calli were initiated from leaves on MS media
supplemented with 1.0 mg/L 2,4-D or NAA. Moreover, in order to induce root, microshoots
with 10 mm length were subcultured on MS medium containing indole-3-butyric acid (IBA),
indole acetic acid (IAA), 2,4-Dichloromethoxy acetic acid (2,4-D) or naphthalene acetic acid
(NAA) at 0.0, 0.4, 0.8, 1.2, 1.6, 1.8 or 2.0 mg/l, and 0.2 mg/l in case of NAA and 2,4-D with
the supplemented of 0.5 g/L charcoal. After that In vitro rooted plantlets were removed from
the medium, wash in a water bath at 25-30 °C and transplanted to plastic pots containing
sterile autoclaved mixture of 1 peat: 1 perlite and covered with transparent plastic bag.

Secondary metabolites extraction

Healthy callus, ex vitro and in vitro plants of R. graveolens were dried at 80 °C. The dried
plant materials were separately extracted at room temperature with absolute ethanol and
methanol separately at 10:1 (v/w) (Green, 2004). The mixture was placed at room temperature
for two days with occasionally shacking to dissolve secondary metabolites properly. The
extracts were then filtrated on Whatman no. 1 filter paper. In order to remove the solvents the
filtrate place in water path at 40 °C to dryness.

Microbes culture

Five bacterial species were used in this research work, and these are listed as follows: three
gram positive bacteria (Staphylococcus aureus, Bacillus cereus, Micrococcus latus) and two
gram negative (Escherichia coli, Salmonella typhmurim) cultured on nutrient agar. These
species were obtained from the laboratory of microbiology, Yarmouk University, Jordan.
Four fungal species were included in this study and these are listed as follows: Alternaria
solani, sclerotinia sclerotiorum, Fusarium oxosporium, and Verticillium dahlia Fungi
cultured on potato dextrose agar (PDA) were obtained from Plant Pathology Laboratory from
Jordan University of science and Technology.
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Antibacterial activity assay

Antimicrobial activity against the test organism was performed using the agar diffusion
method (Perez et al., 1990). The bacterial species were spreaded on nutrient agar plates with
sterile swap. Plates were divided into 4 quadrates, wells were made on the plates with a
sterile cork borer of 6 mm diameter to contain the different extracts, R. graveolens extract
aliquots (40 pul and 80 pl) at (250 pg/ul) concentration were added into wells and left for one
hour to diffuse, then the plate were incubated at 37 °C for 24 h. The antibiotic Oxytetracycline
were used as positive control and prepared in (250 pg/ul) and their antimicrobial activity was
tested in the same manner, also the solvent dimethylesulfoxide DMSO (negative control) was
added, the zones of inhibition was measured in mm at the end of the incubation period.
Microbial growths were determined by measuring the diameter of the zone of inhibition and
were compared with standard antibiotic (oxytetracycline).

Antifungal activity assay by the agar well diffusion method

An aliquot of 100 pl spore suspension (1x10°® spores/ml) of each isolate were streaked in
radial patterns on the surface of complete media plates. Plates were divided into 4 quadrates,
wells were made on the plates with a sterile cork borer of 6 mm diameter to contain the
different extracts, R. graveolens extract aliquots (40ul and 80 pl) at (250 pg/ul) concentration
were added into wells and left for one hour to diffuse, then the plates were incubated at 30 °C
for 48 h. The antifungal (Cyclohexamine; positive control) was prepared in (250 ug/ul) and
their antimicrobial activity was tested in same manner, also the solvent dimethylesulfoxide
(DMSO) (negative control) was added, the zones of inhibition were measured in mm at the
end of the incubation period. Microbial growths were determined by measuring the diameter
of the zone of inhibition and were compared with standard antifungal (Cyclohexamine).

Experimental design and statistical analysis
Data were subjected to one-way analysis of variance ANOVA, differences between individual
means were determined by least significant difference (LSD) test at 0.05 level of probability.

Result and discussion

In vitro shoot formation and callus induction

All established cultures gave healthy shoots when sub-cultured on the multiplication medium.
Initially small yellowish calli developed on the cut ends within 7 days of inoculation which
subsequently covered the entire surface of the explants with the used of 2,4-D and NAA.
After two months better callus texture, color and maximum fresh weight were obtained when
MS media was supplemented with 2.4-D or NAA (figure, 1) our results agreed with Al-
Ajlouni et al., (2015).
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(B) Callus subculture on MS with 1mg/l 2,4-D.

Figurel: (A) Callus formation after six weeks of cult
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In vitro root formation and acclimatization

Table (1) shows effect of different auxins concentration on root formation. The use of auxins
hormones enhance shoot formation compared with the controls. Maximum root number was
obtained on medium supplemented with 0.4 mg/l IBA, where the means root number was 1.6.
Maximum root length (0.55 cm) was obtained on medium supplemented with 1.2 mg/l IBA.
Bohidhar et al., (2008) reported that IBA induced root formation on MS media supplemented
with 0.5mg/l IBA. Faisal et al., (2005, 2006) had reported rooting of microshoots of R.
graveolens on MS media supplemented with IBA (0.1 mg/l). Using IAA maximum root
number (1.6 roots per explants) was obtained at 0.4 mg/l IAA. Moreover, maximum root
length (0.44 cm) was occurred on medium containing 0.4 or 1.2 mg/l IAA (Table 1). No
callus formation appeared at the base of each cutting. This has also been found in previous
studies, where in vitro shoots of Artemisia herba alba were reported to root with a supplement
of IBA, IAA or NAA (Shatnawi et al., 2011). Gurudeeban et al., (2012) reported that R.
graveolens was rooted on MS media supplemented with 0.5 mg/l IAA. On the other hand,
Bohidhar et al., (2008) reported that no healthy roots were observed on MS media containing
IAA. The number of roots formed per microshoots was affected by the concentration of 2,4-
D. Maximum root number and long root were obtained from MS media supplemented with
0.4 mg/l 2,4-D where the means number of new root and root length was 3.25 and 0.96 cm.
Callus was induced on MS media with different concentration of 2,4-D. Root initiation was
appeared from the bases of shoots after incubation on solid MS medium containing NAA.
Maximum root number (1.15 root/ex-plant) with 0.41 cm length of was obtained on MS
medium containing 1.2 mg/l NAA. However, number of roots per explant varied with
increasing NAA concentration and ranged from 0.2 to 1.15 (P=0.05) (Table 1). The role of
NAA in root induction of in vitro derived shoots has been well documented.Survival of the
rooted plants was up 100% under acclimatization conditions in the greenhouse (Data not
shown).

Table 1: Effect of different concentration of Auxins on roots formation of in vitro grown Ruta graveolens after
six weeks growth periods.

uxins type | Number of new root * Maximum root length*
Conc. (mg IBA IAA 2,4-D NAA | IBA IAA 2,4-D NAA
0.0 0.000° | 0.000° | 0.000° |0.000°|0.000° | 0.000° |0.0009 [0.000°
0.2 NF** | NF 2200® [0.60%® | NF NF 0.915% |0.48°
0.4 1.600% | 1.600°% | 3.250% | 0.45% | 0.070° | 04352 | 0955% [0.34®
0.8 0.600° | 0.600° [ 0.700%® | 0.40® | 0.105° [ 0.140%® | 0.295 | 0.32 %®
1.2 0.500° | 0.500° [ 0.900°® | 1.15% | 0550% | 0.435% | 0.300™ | 0.41°2
1.6 0.450° | 0.450° [ 1.950™ [ 0.85® [ 0.115° [ 0.115%® | 0.545° | 0.16%®
1.8 0.450° | 0.450° [ 0.400%® | 0.20° [0.340®[0.220® | 0.110% [ 0.12%®
2.0 0.650% | 0.650® [ 1.250°7 | 0.25® [ 0.340® [ 0.210% | 0.340™ | 0.15%®
LSD 0.9748 | 0.9748 | 1.2167 | 0.9489 | 53905 | 0.3551 | 0.3275 | 0.3785

*Means followed by the same letter within the column are not significantly different according to LSD test at P<
0.05. Each treatment consisted of 20 replicates. ** NF means not found

Antibacterial activity

The control (negative) by using Dimethylsulfoxide (DMSQO) alone failed to suppress all
involved bacterial growth and therefore had negative results. Results obtained show that the
reference antibiotic Oxytetracycline exhibited positive results shown as zone of inhibition
(11.33 mm) (figure 2 and figure 3). It is clear that Micrococcus latus showed high sensitivity
to all extract culture types of R. graveolens compared to other bacterial species were used.
The in vitro extract had the highest antibacterial activity in all cases (13.00 mm and 12.33
mm) using 80ul from ethanolic and methanolic respectively (figure 2 and figure 3F). Our
results confirmed the observation of lvanova et al., 2005 who reported that extracts of R.
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graveolens showed antibacterial activity against Staphylococcus aureus, Staphylococcus
epidermidis and Bacillus cereu , while no activity was shown against Escherichia coli.
Moreover, and Ojala et al., (2000) reported that extracts using methanol solvent were more
active than those extracted by ethanol against Bacillus spp. and S. aureus. LI Fang, (2001)
reported that the alcoholic extract of R. graveolens have the same weak bacteriostasis on the
following bacteria: Streptococcus purulent, Micrococcus luteus, Staphylococcus aureus,
Streptococcus B, Streptococcus pneumoniae, Pseudomonas aeruginosa, Escherichia coli and
Salmonella species. In contrary, the results of this study showed that Micrococcus luteus and
Salmonella typhmurim were highly affected with alcoholic extract. Moghadam et al., (2012)
reported that ethanol extract of R. graveolens has no inhibitory effect on staphylococcus
aureus. It seems that there might be more antibacterial components in methanol and also in
pure ethanol extract from callus, in vitro and ex vitro. Furthermore, Pandey et al., (2011) also
reported that extracts of R. graveolens stem using ethanol showed the most potent
antibacterial activity against S. aureus and B. subtilis.
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Methanolic extract |Culture type & conc. | | Ethanolic extract |
WS gurus MB.cereus WM. latus WE.coli WS, typhymurim

Figure 2: Antibacterial activity of different culture types of Ruta graveolens against five bacterial species at
different volume (40 pul and 80 pl) using well diffusion method.
(A) Callus Ff Miechanol (E) Callus F Exchanol
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Figure 3: Agar well-diffusion assay of R. graveolens extracts against M.latus, (A) activity of callus extracted by
methanol, (B) activity of callus extracted by ethanol, (C) activity of in vitro extracted by ethanol, (D) activity of
in vitro extracted by methanol, (E) activity of ex vitro extracted by ethanol and (F) activity of ex vitro extracted
by methanol. Inhibition zone was observed around the well.

Antifungal activity

In vitro ethanolic extracts was shown the highest activity against Fusarium oxosporium, it
was 12.33 mm and 10.33 mm inhibition zone in in vitro methanolic extracts (Figure 4). The
antifungal of callus extract against Fusarium oxosporium was in methanol 8.66 mm and in
ethanol was 9.00 mm at 80 pl. Ex vitro extract was also had inhibitory effect on Fusarium
oxosporium, it was in ethanolic extract 8.67 mm and in methanolic extract was 7.67 mm at 80
ul, Figure (4). Meepagala et al., (2005) reported that the ethylacetate extract from roots of
R.graveolense had shown fungicidal activity against several agriculturally important
pathogenic fungi like Colletotichum fragariae, C.gloeosporioides, C.acutatum, Botrytis
cineara and Fusarium oxysporium. Moreover, Pandey et al., 2011 reported that ethanolic
extract of R. graveolens stem showed moderate antifungal activity except Fusarium
oxosporium, it was high inhibition activity. Saprolegnia also prevented from growth by root
ethanolic extract of R. graveolens (Karouei et al., 2012).
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o N B OO

Diameter of zone of inhibition
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Culture type and Conc.

B A.solani BS. sclerotiorum mV.dahlia B F. oxosporium Methanol B F. oxosporium Ethanol

Figure 4: Antifungal activity of different culture types of Ruta graveolens against four fungal species at
different volume (40 pl and 80 pl) using well diffusion method.

In vitro extracts shows to give high antimicrobial activity against tested bacterial and fungal
species, it may due to presence of high concentration of toxic compounds as results in HPLC
analysis (Al-Ajlouni et al., 2015).
Conclusion

Adventitious roots were successfully induced from shoot tip segments of R. graveolens on
MS medium supplemented with 0.4 mg/L IBA. In addition, callus was successfully induced
from leaf segments on MS media supplemented with 4.0 mg/L NAA under dark condition.
For the antimicrobial activity of R. graveolens would help for development of a new
alternative medicine system which has no side effects. R. graveolens stem extracts possess a
broad spectrum of activity and open the possibility of finding new clinically effective
antimicrobial compoundsfor R. graveolens.

Acknowledgments:

We gratefully acknowledge the Deanship of Scientific Research, Jordan University of Science
and Technology, for their financial support (Research Project # 20130008).

162



References

Al-Ajlouni, Z. 1., Shifaa, A,. Mohamad, S and lIbrahim, M. (2015). In vitro propagation,
callus induction, and evaluation of active compounds on Ruta graveolens. Journal of Food,
Agriculture & Environment. Vol.13 (2): 101-106.

Anonymous, (2003). The wealth of India, Raw Material. Publication and Information
Directorate. CSIR, New Delhi, India. 95-96.

Bohidhar, S., Thirunavoukkarasu M. and Roa T. V. (2008). Effect of plant growth regulators
on in vitro micropropagation of Garden Rue (Ruta graveolens L.). International Journal of
integrative biology, 3, 36-43.

Dababneh B. and Khalil A., (2007). The Inhibitory Effect of Extracts from Jordanian
Medicinal Plants Against Phytopathogenic Fungi. Plant Pathology Journal, 6, 191-194.

Faisal, M., Ahmad N. and Anis M. (2005). In vitro regeneration and mass propagation of Ruta
graveolens L., A multipurpose shrub. Horticultural science, 40(5), 1478-1480.

Faisal, M., Ahmad N. and Anis M. (2006). In vitro regeneration via de novo shoot
organogenesis in callus culture of Ruta graveolens- A plant with medicinal and
horticultural potential. Phytomorphology, 56,183-187.

Fang, L. (2001). Study on the bacteriostasis in vitro of compound Ruta graveolens L. Tablets.
LiShiZzhen Medicine and Materia Medica Research. 11.

Green, R. J. (2004). Antioxidant activity of peanut plant tissues. Master’s Thesis. North
Carolina State University. USA.

Gurudeeban, S., Satyavani K., Ramanathan T. and Balasubramanian T. (2012). Effect of
antioxidant and anti-aggregating properties of micro-propagated plantlets of Ruta
graveolens. Asian journal of biotechnology, 11, 1497-1504.

Ivanova, A., Mikhova B., Majdenski H., Tsvetkova I. and Kostova I. (2005). Antimicrobial
and cytotoxic activity of Ruta graveolens. Fitoterapia, 76, 7-344.

Karouei, H. S., Haji S. M. and Gho (2012). Isolation of Saprolegnia and the Influence of Root
Ethanolic Extract of Ruta graveolens on Saprolegnia. Spp. Growth. International journal of
bioscience, biochemistry and bioinformatics, 2(1), 64-68.

Khouri, N. A., and El-Akawi, Z. (2005). Antiandrogenic activity of Ruta graveolens L. in
male albino rats with emphasis on sexual and aggressive behavior. Neuroendocrinology
letters, 26, 823-829.

Mahmoud, Mohamed, H., and lbrahim, T. (2012). Enhanced in vitro production of Ruta
graveolens L. coumarins and rutin by mannitol and ventilation. Plant cell, tissue and organ
culture, (111), 335-343.

Meepagala, K. A., Schrader K. K., Wedge D. E. and Duke S. O. (2005). Algicidal and
antifungal compounds from the roots of Ruta graveolens and synthesis of their analogs.
Phytochemistry, 66, 2689-2695.

Moghadam, M. A., Honarmand H., Falah-Delavar S. and Saeidinia A. (2012). Study on
antibacterial effect of Ruta graveolens extracts on pathogenic bacteria. Annals of biological
research, 3(9), 4542-4545.

Nalawade, M. S. and Tsay, H. (2004). In vitro propagation of some important Chinese
medicinal plants and their sustainable usage. In vitro cellular and developmental biology —
plant, 40, 143-154.

Ojala, T., Remes S. and Haansuu P. (2000). Antimicrobial activity of some coumarin
containing herbal plants growing in Finland. Ethnopharmacol, 73(1-2), 299-305.

Pandey, P., Mehta A. and Hajra S. (2011). Evaluation of antimicrobial activity of Ruta
graveolens stem extracts by disc diffusion method. Phytolology, 3(3), 92-96.

Perez, C., Pauli M. and Bazerque P. (1990). An antibiotic assay by agar-well diffusion
method. Acta biologiae et medecine experimentaalis, 15, 113-115.

163



Shatnawi, M. A., Shibli R. A., Abu-Romman S. M., Al-Mazra'awi M. S., Al Ajlouni Z. I.,
Shatanawi W. A. and Odeh W. H. (2011). Clonal propagation and cryogenic storage of the
medicinal plant Stevia rebaudiana. Spanish journal of agricultural Research, 9, 213-220.

164



10.7251/AGRENG1607020

PRODUCTIVITY OF SOME DUTCH POTATO VARIETIES IN THE MOUNTAIN
REGION OF MONTENEGRO

%

Zoran JOVOVIC?, Andrey SKRYABIN?, Ana VELIMIROVIC?, Zeljko DOLIJANOVIC?,
Milica BUCKOVIC!

*University of Montenegro, Biotechnical Faculty Podgorica, Montenegro
2Plant Growing Department, Perm State Agricultural Academy, Russia
3University of Belgrade, Agricultural Faculty, Serbia

Abstract

This paper presents the results of a two-year study of six Dutch potato varieties in
agroecological conditions of northern Montenegro. The two-year average of the highest
number of tubers were found in the variety Arnova (8.4), while the lowest tuber number was
obtained in varieties Arrow (6.8), Rudolph (6.8) and Riviera (6.9). Increasing the number of
tubers in the variety Arnova compared to other varieties was statistically significant. Varieties
Rudolph (116.5 g) and Kuroda (100.5 g) gave averagely biggest tubers. The average weight of
tuber of other varieties studied was approximately at the same level, and ranged from 80.4 g,
for the cultivar Arrow to 88.6, for the Arnova. Rudolph and Kuroda were, compared with all
other varieties, had significantly larger tubers. The highest yield in trials was on plots planted
with varieties Rudolph - 33.7, Kuroda - 32.0 and Arnova -31.5 tha™. The lowest yield was
measured at variety Arrow - 23.2 tha™’. Yields of varieties Rudolph, Kuroda and Arnova were
compared to all other investigated varieties statistically significant. This research showed that
the highest yields of tubers in agroecological conditions of mountain climates are achieved by
growing medium late and middle early varieties of potatoes.

Keywords: potato, tuber number, tuber weight, yield

Introduction
Potato is among the most important and most profitable crops in many countries of the world.
On a global scale, after rice, wheat and maize, potato is the fourth largest source of food. The
economic importance of potato in Montenegro is very significant, especially for the
mountainous area where it is predominantly grown.
Potato is a plant of temperate climate and is grown in almost all latitudes. However, the best
zone for potato growing is considered the area of temperate zone (40-60° north latitude), as well
as areas under 40° of north latitude at high altitudes (Muminovi¢ et al., 2014). Due to the very
pronounced polymorphism, potatoes easily adapt to different environmental conditions. Thanks
to this feature, potato is now grown even in poor production conditions and high altitudes, even
where the cultivation of other agricultural crops is not possible (Jovovi¢ et al., 2015).
Potatoes prefer chilly nights, but nights like that are less and less. The increasing climate
variability poses a serious threat to its further cultivation. Climate change has increasingly
negative impact on potato crop production leading to large seasonal fluctuations in the amount
and quality of yields. Therefore, in the future potato production is gradually moving from the
warmer south to colder northern areas and higher mountain regions (Jovovi¢ et al., 2016).
The systematic study of the different genotypes in different environmental conditions is of
great importance resulting with wider selection of varieties adapted to the specific conditions
(Yang, 2002). Yields of potatoes, in addition to the variety, greatly depend on the agro-
ecological conditions, but also on nature of interaction between genotype and environment.
The reaction of individual varieties to different environmental conditions is conditioned by
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their genetic predisposition. Knowing very complex relations existing between genotype and
environment is of paramount importance when selecting varieties (Jovovi¢ et al., 2012).

As different production areas are governed by very different environmental conditions,
variety performance is different as well. Therefore, knowledge on the productivity of potato
varieties and their reactions to the specific conditions of production regions is one of the most
important preconditions for achieving high and stable yields (Momirovi¢ et al., 2000).
Consequently, the study of the productivity of different potato varieties in different agro-
ecological conditions has outstanding practical significance. In this way, there is very reliable
information about the cultivated varieties that will allow maximum utilization of genetic
resources and thus achievement of high and stable yields (Yang, 2002).

The aim of this study was examination of yield and other indicators of productivity for six
Dutch potato varieties in mountain areas of Montenegro.

Materials and methods

The study of the productivity of six promising Dutch potato varieties was carried out during
2013 and 2014 in Kolasin, on the alluvial-deluvial soil at an altitude of 900 m. Varieties with
different length of vegetation and skin colour were tested - early varieties: Riviera (1) and
Arrow (2); medium early: Tresor (3) and Arnova (4) and medium-late varieties of red
epidermis: Kuroda (5) and Rudolph (6).

The experiments were conducted in a completely randomized block design, with 4 replicates
and the surface of the single experimental plot of 15 m? Planting of potatoes was carried out
on May 20 2013 and 15 May 2014, by hand, at a distance of 70 x 33 cm, with the resulting
density of 43300 plants per hectare. The basic tillage, pre-sowing preparation and fertilization
were conducted as standard agricultural practices for potato crop. The protection of crops
from weeds, pests and disease-causing agents was conducted timely. Potato harvesting was
carried out on 15 September in both years.

Table 1. Chemical characteristics of soil in the experimental field

Depth pH CaCO; Humus Soluble mg/100 g
(Cm) Hzo nKCI % % P205 Kgo
40 6,29 5,55 1,1 4,53 2,4 16,0

Table 2. Meteorological condition during the experiment

Year Month Average
May June July August  September
Air temperature (°C)

2013. 12,4 15,7 18,1 18,4 12,7 15,5
2014. 11,3 15,3 17,3 17,5 12,8 14,8

Precipitation sum (mm) Total
2013. 301,3 125,0 32,9 67,8 118,3 645,3
2014. 96,6 150,3 114,7 69,1 233,2 663,9

Determination of the number of tubers and their mass was performed after complete
maturation on average sample of 10 potato plants from a row in each repetition. Total yield
per hectare was calculated according to the theoretical categories of crop density.

Soil in experimental plots has favourable water and air properties, high humus content, low
phosphorus and calcium and moderate potassium content (table 1). Meteorological data for
the experimental period are given in table 2. Statistical analysis was performed by the method
of factorial analysis of variance (ANOVA), and the score difference between the mean values
using LSD test.

Results and discussion
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The measurement results given in Table 3 show that the largest number of tubers in the
experiment was found in variety Arnova - 8.4 (7 in 2013 and 9.8 in 2014), while the lowest
tuber number was measured in Arrow - 6.8 (6.2 and 7.3), Rudolph - 6.8 (7.2 and 6.3) and
Riviera - 6.9 (6.3 and 7.4). In two-year average, variety Arnova had significantly higher
number of tubers compared with other varieties. The significant increase in the number of
tubers was determined in varieties Kuroda (7.5) and Tresor (7.3) compared to Errow (6.8),
Rudolph (6.8) and Riviera (6.9).

Table 3. Results of studies for Dutch varieties

Parameter | Year Variety Average

Riviera | Arrow | Tresor | Arnova | Kuroda | Rudolph
Average 2013. 6,3 6,2 6,6 7,0 7,8 7,2 6,9
number of | 2014. 7.4 7.3 8 9,8 7.1 6,3 7,7
tubers Average 6,9 6,8 7,3 8,4 7,5 6,8 7,3
Average 2013. 82 87 86 96 85 108 90,7
tuber 2014. 84 74 76 81 116 125 92,7
weight (g) | Average 83,0 80,5 81,0 88,5 100,5 116,5 91,7
Yield (t.ha | 2013. 22,0 23,1 24,5 28,7 28,5 33,4 26,7
D) 2014. 26,6 23,2 26,0 34,2 35,4 33,9 29,9

Average 24,3 23,2 25,3 31,5 32,0 33,7 28,3

Year Isd 0,05 Isd 0,01
Average number of tubers 2013. 0,463 0,629

2014, 0,670 0,909

2013-14. 0,327 0,444
Average tuber weight (g) 2013. 5,921 8,034

2014, 14,415 19,556

2013-14. 6,765 9,179
Yield (tha®) 2013. 1,833 2,487

2014, 3,956 5,367

2013-14. 2,021 2,742

The average number of tubers is a very important parameter of productivity on which depends
the production per plant of potatoes, and finally the total yield per unit area (Bugarci¢ et al.,
2000). The variability of the number of tubers, except genetic differences between the
varieties of potato, largely depends on the interaction between genotype and environmental
factors (Nacheva, 2006). In compared studied years, slightly higher average number of tubers
was found in 2014 as a result of higher rainfall in June, when potato plant tuberisation is
occurring.

Tuber size is an important parameter of productivity and is basically a varietal characteristic,
but above all it depends on the level of agricultural practices, soil type and weather conditions
during the vegetation period (Jovovi¢ et al., 2011). In two-year studies, plots with the highest
average tuber weight measured, were planted with varieties Rudolph (116.5 g) and Kuroda
(100.5 g). The smallest tubers were measured in varieties Arrow, Tresor and the Riviera (80.5,
81 and 83 g). Analysis of variance of the average tuber weight showed a highly significant
increase in tuber weight of varieties Kuroda and Rudolph as compared to other varieties.
Differences in tuber weight between Rudolph and Kuroda are also statistically significant.
Increase in number of tubers in the variety Arnova compared with varieties Arrow and Tresor
was statistically significant.

Number and size of tubers depend on the number of primary shoots formed on single plant.
Bigger number of primary shoots, bigger number of tubers formed, but not their weigh too
(Butorac and Bolf, 2000). The results of this study are correlated with this statement.

The highest yields were obtained in experiments on plots cultivated with varieties Rudolph -
33.7, Kuroda - 32.0 and Arnova - 31.5 tha!, while the lowest yielding varieties were Arrow -
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23.2, Riviera — 24.3 and Tresor - 25.3 tha™. Rudolph, Kuroda and Arnova as compared to
other varieties yielded a significantly higher tuber yield. Arrow, Riviera and Tresor yields
were statistically highly significant. The significant increase in yield was found in the variety
Tresor compared with Arrow, as well as between varieties Rudolph and Arnova. As 2014 had
a slightly greater quantity and a better distribution of rainfall during the growing season of
potato, and lower average air temperatures, it resulted with higher yields in this year (29.9 in
2014 and 26.7 tha* 2013).

Proper selection of varieties could significantly reduce adverse environmental effects. For
these reasons, the study of potato varieties in the mountain area of Montenegro should
continue.

Conclusion

Based on said above it can be concluded:

— With proper variety selection, high potato yields can be achieved even in mountainous
areas of Montenegro.

— In two-year studies, the highest yielding varieties were Rudolph - 33.7, Kuroda — 32.0
and Arnova - 31.5 tha*, while the lowest yields were measured in plots planted with
varieties Arrow - 23.2, Riviera - 24.3 and Tresor and - 25.3 tha™.

— The largest number of tubers per plant was determined in cultivar Arnova (8.4), while
the lowest tuber number was found in varieties Arrow and Rudolph (6.8). The number
of tubers in the variety Arnova compared to other varieties was statistically significant.

— Tubers with the highest average weight were obtained from varieties Rudolph (116.5
g) and Kuroda (100.5 g), while the smallest tubers were measured in the varieties
Arrow and Tresor (80.5 and 81.0 g).

— The highest yields are achieved growing medium late and medium early potato
varieties in mountainous area of Montenegro.
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Abstract
Ercis head cabbage which is a population local to the Van province of Turkey was tested for
ability to regenerate shoots and roots in vitro. Cotyledon and hypocotyl explants were excised
from 7 day old in vitro seedlings, germinated on Murashige and Skoog (MS) medium, and
cultured on MS medium supplemented with benzylaminopurine (BAP) (0.5 mg/l, 1.0 mg/Il,
and 2.0 mg/l) and naphthaleneacetic acid (NAA) (0, 0.05 mg/l, and 0.1 mg/l). The highest
shoot regeneration (100%) was achieved in hypocotyls explants with MS7 (MS + 2 mg/I
BAP) and 91.6% with MS6 (MS + 1 mg/l BAP + 0.1 mg/l NAA), MS4 (MS + 1 mg/l BAP),
and MS3 medium (MS + 0.5 mg/l BAP+ 0.1 mg/l NAA). The MS4 medium (5.2
shoot/explant) was the most successful in terms of the number of shoots per explant. The
highest shoot regeneration from cotyledon explants was obtained from MS1 (MS + 0.5 mg/I
BAP) and MS9 (MS + 2 mg/l BAP + 0.1 mg/l NAA) mediums with 91.6%. In hypocotyls
explants, indirect shoot regeneration was induced in all media combinations and the rate of
regeneration was found to be higher than in cotyledon explants. In root regeneration trials, 4
different indolebutyric acid (IBA) doses (0 mg/l, 0.5 mg/l, 1.0 mg/l and 1.5 mg/l) were tested
on 1/2 MS medium, and 100% rooting was achieved from the control and 0.5 mg/l IBA doses.

Keywords: Regeneration, Cabbage, Hypocotyl, Cotyledon

Introduction

Cabbage vegetables of the Brassicacea family are economically significant vegetable species.
This family includes approximately 350 genera and 3000 species (Salk et al., 2008). The total
production of Brassica group vegetables in Turkey is 935,230 t, 492,610 t of which is white
head cabbage (Anonymous, 2014). Turkey is as rich in terms of its cabbage genetic resources
as it is in cabbage production (Balkaya et al., 2005). Different types of cabbage are cultivated
in each region in Turkey. For example leaf cabbage is cultivated in the Black Sea Region
while white head cabbage is cultivated in Eastern Anatolia, and red head cabbage is cultivated
in Western and Southern Regions of Turkey. The Ercis cabbage is a local head cabbage
population that is cultivated in the Van province of the Eastern Anatolian Region of Turkey.
Due to its loose and large head (average of 1.0 kg) and thin leaf properties it is more suited for
stuffing or pickling, and is a significant source of income for the region’s population.
Currently in breeding studies on Brassica species, biotechnological methods and genetic
transformation approaches are widely used in addition to traditional plant breeding methods.
However the success of these approaches depends on the use and development of an effective
and suitable system of in vitro regeneration. Therefore studies are required to optimize the
regeneration system for every species, in fact for every genotype. Cotyledon (Daud et al.,
2015) and hypocotyl explants (Hazrat et al., 2007; Cristea et al., 2010; Gerszberg et al., 2015)
taken from seedling cultivated in vitro are widely used in plant regeneration and genetic
transformation studies on Brassica species.

Munshi et al. (2007) have reported that the highest shoot regeneration in cotyledon and
hypocotyl explants taken from 7 day old in vitro seedlings of head cabbage (B. oleracea var.
capitata) was observed on 1/2 MS containing 0.5 mg/l BA and that 98% rooting had been
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achieved on 1/2 MS fortified with 0.5 mg/l IBA. In a study performed on 8 different head
cabbage (Brassica oleracea var. capitata) varieties, it is stated that the highest shoot
regeneration in 5 varieties was obtained from the MS + 8.88 uM BAP + 0.53 uM NAA
medium in 10 day old hypocotyl and cotyledon explants cultured in vitro, and that hypocotyl
explants had been more successful in terms of callus stimulation and organogenesis. The same
researchers have also stated that rooting was achieved in all varieties and that an increase was
observed in the number of healthy and strong roots in the MS + 5.37 uM NAA medium
(Gerszberg et al., 2015).

Sharma et al. (2014) have tested 36 different hormone combinations in head cabbage
(Brassica oleracea L. var. capitata). They have reported that the highest shoot regeneration in
cotyledon explants had been obtained from the MS + 1.5 mg/l BAP + 0.50 mg/l NAA and MS
+ 2 mg/l BAP + 0.25 mg/l IAA medium, and that 90% root regeneration was achieved from
MS + 0.1 mg/l IBA as rooting medium. Daud et al. (2015) have used stalk, root, leaf, and leaf
stem explants taken from 7 day old seedlings of head cabbage that had developed in vitro.
They have determined that plantlets had been obtained more quickly from calluses obtained
from stalk and root explants cultured in the MS + BAP (1 mg/l) + NAA (0.5 mg/l) medium. In
another study that had been performed on 2 genotypes of head cabbage, it is stated that the
maximum shoot regeneration in hypocotyl explants taken from 5 day old seedlings developed
in vitro had been observed on MS containing 9.1 uM zeatin and 2.8 uM IAA (Cristea et al.,
2010).

The present study was undertaken to investigate the effect of MS medium formulations and
different explant types (cotyledon and hypocotyl) on shoot and root regeneration in Ercis
cabbage. This is the first report on in vitro regeneration of Ercis head cabbage.

Material and methods

Seeds belonging to the ‘Ercis cabbage population’ obtained from the Ercis district of Van
province in Turkey have been used in the study. The seeds were washed several times under
tap water, eliminating inorganic materials from the seeds. Then they were kept for 30 seconds
in 70% ethyl alcohol within a laminar flow container, washed several times with double
distilled water, removing ethyl alcohol. The seeds were then kept for 15 minutes in 20%
commercial sodium hypochlorite solution to which a few drops of Tween-20 had been added,
and finally washed by being shaken in double distilled water 3 times, 6 minutes each time.
The sterilized seeds were germinated in hormone-free MS (Murashige and Skoog, 1962)
medium (30 g/l sucrose, 7 g/l agar, PH: 5.8) within 6 cm glass Petri dishes (6-7 seeds/Petri
dish). Cotyledon and hypocotyl explants were excised from 7 day old seedlings, and cultured
on MS containing various concentrations of BAP (0.5, 1.0, and 2.0 mg/l) and NAA (0, 0.05,
and 0.1 mg/l). All the cultures were kept under a 16 h photoperiod (3000 lux, approx.) regime
at 23 + 2°C. Shoots that reach an approximate length of 3 cm were transferred to 1/2 MS
rooting medium containing IBA (0, 0.5, 1.0, and 1.5 mg/l) in 4 different concentrations. 4
weeks later, the number of shoot per explant and percentage, average shoot length, the
number of roots obtained per explant and percentage and the average root length was
calculated in the cultures.

Shoot regeneration trials were conducted with 3 repetitions for each application, and root
regeneration trials were conducted with 6 trials. Variance analysis was performed in
comparisons of properties investigated in the trial. The level of statistical significance was
taken as 5% in calculations, and the SPSS (ver. 13) statistics package software was used for
calculations.

Results and discussion

In vitro shoot regeneration trials, cotyledon and hypocotyls explants were excised from 7 day
old in vitro seedlings, and cultured in the MS medium in 9 different hormone combinations
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containing BAP and NAA (Table 1). The swelling and growths that occurred in explants 7-9
days after being planted in the MS medium were determined as development, and the number of
explants which had shown development were recorded. Shoot regeneration was achieved from
all explants that had observed development and growth. Hypocotyl explants were found to be
more successful than cotyledon explants in terms of explant development and shoot
regeneration, except in the MS1 (0.5 mg/l BAP) and MS9 (2 mg/l BAP + 0.1 mg/l NAA)
mediums. While all explants (100%) registered growth in the MS7 (2 mg/l BAP) medium in
hypocotyl explants, this was followed with MS6 (1 mg/l BAP + 0.1 mg/l NAA), MS4 (1 mg/l
BAP), and MS3 (0.5 mg/l BAP + 0.1 mg/l NAA) with a 91.6% percentage of regeneration.
MS9 (2 mg/l BAP + 0.1 mg/l NAA) was found to be the least successful medium with a 58.3%
rate of regeneration.

In cotyledon explants, the highest shoot ratio was obtained in MS1 (0.5 mg/l BAP) and MS9 (2
mg/l BAP + 0.1 mg/l NAA) mediums with a 91.6% rate of regeneration, and this was followed by
MS4, MS5, and MS8 in that order. MS6 and MS7 mediums were found to be least successful in
terms of shoot regeneration with a 41.6% rate of regeneration. Indirect shoot regeneration was
occurred in all medium combinations in hypocotyl explants (Figure 1). The rate of callus
formation ranged between 41.6 — 100% in hypocotyl explants, and between 0-33.3% in cotyledon
explants (Table 2).

Table 1. Effect of BAP and NAA in the MS medium on the number of shoots per explants,
regeneration rate and on shoot length.

Hormone Shoot number/explant Shoot length (cm)
Medium (mg/1) and regeneration rate (%0)
BAP NAA Hypocotyl R.R Cotyledon R.R Hypocotyl Cotyledon
(%) (%)
MS1 0.5 0 3.16 bc 833 292ab 916 1.83bc 2.33a
MS2 0.5 0.05 3.75b 83.3 0.66¢ 50.0 3.80a 1.60 ab
MS3 0.5 0.1 4.42 ab 916 0.75c 58.3 2.60ab 1.60 ab
MS4 1.0 0 525a 916 258b 833 2.0hbc 1.63 ab
MS5 1.0 005 242cd 833 1ll6¢ 75.0 1.53bc 1.66 ab
MS6 1.0 0.1 4.33 ab 916 041c 416 2.60ab 1.0b
MS7 2.0 0 4.33 ab 100 0.75c 416 2.03bc 1.40 ab
MS8 2.0 0.05 2.33cd 75.0 136¢C 66.0 1.83bc 2.0ab
MS9 2.0 0.1 1.16d 583 3.75a 916 1.0c 2.26a
LSD.05 121 1.09 1.28 1.03

R.R.: Regeneration rate

While the highest number of shoots per explant was obtained from the MS4 (5.25
shoot/explant) medium in hypocotyl explants, this was followed by the MS3 (4.42
shoot/explant), MS6 (4.33 shoot/explant), and MS7 (4.33 shoot/explant) mediums that are
included in the same statistical group, in that order. The MS9 medium was found to be the
least successful environment in terms of the number of shoots per explants (Table 1). In many
studies conducted on cabbage, it is reported that the composition of the medium and type of
explant are influential on shoot regeneration, and that hypocotyl explants yield more
successful results as compared to other explant types in terms of the rate of shoot regeneration
(Munshi et al., 2007; Dai et al., 2009; Ravanfar et al., 2009; Pavlovic et al., 2010). Figure 1
shows shoot formation from cotyledon and hypocotyl explants.
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Figure 1. In Ercis head cabbage, (a) 7 day old in vitro germinated seedlings, (b, ¢) indirect
shoot formation from hypocotyl explants, (d, e) direct shoot formation from cotyledon
explants, (f) plants transferred to rooting medium, (g) root formations in rooting medium.

Table 2. Effect of BAP and NAA in the MS medium on the rate (%) of callus formation

Hormone Callus formation rate (%)
Medium (mg/

BAP NAA Hypocotyl Cotyledon
MS1 0.5 0 66.6 0.0
MS2 0.5 0.05 91.6 16.6
MS3 0.5 0.1 100.0 16.6
MS4 1.0 0 100.0 0.0
MS5 1.0 0.05 91.6 0.0
MS6 1.0 0.1 66.6 8.3
MS7 2.0 0 58.3 25.0
MS8 2.0 0.05 41.6 33.3
MS9 2.0 0.1 50.0 33.3

The results of our study also have been found to support this literature, and more successful
results have been obtained from hypocotyl explants in terms of shoot regeneration. A
statistically significant decrease has been determined in the number of shoots obtained from
cotyledon explants. While the highest number of shoots was obtained from the MS9 (3.75
stirgiin/eksplant) medium, this was followed by the MS1 (2.92 shoot/explant) and MS4 (2.58
shoot/explant) mediums. The number of shoots that was obtained from other medium
combinations were found to be low, and the differences between them were found to be
statistically insignificant (Table 1). It has been determined that various doses of are BAP (1.0
— 3.5 mg/l) and NAA (0.1-0.5 mg/l) are generally used in shoot regeneration studies in studies
conducted on various Brassica species (Basak et al, 2012; Sharma et al, 2014). Shoot length
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ranged between 1.0 — 3.8 cm in shoots developing from hypocotyl explants, and 1.0 — 2.33 cm
in shoots developing from cotyledon explants (Table 1).

Literature scans performed have indicated that various doses of IBA (0 — 1.0 mg/l) or NAA
(0.1 — 4.0 mg/l) are generally used as rooting medium on Brassica species, and that the results
obtained are successful (Munshi et al, 2007; Ravanfar et al., 2009; Sharma et al., 2014; Daud
et al., 2015; Gerzberg et al, 2015). In our study, considering these literature statements, the
shoots obtained were transferred to rooting mediums containing various doses of IBA (0 mg/I,
0.5 mg/l, 1.0 mg/l, and 1.5 mg/l) in a 1/2 MS medium. The impact of various concentrations
of IBA on the number of roots obtained per shoot, root length, and the rate of regeneration are
shown in Table 3. The highest number of roots per shoot (14.16 root/shoot) was obtained
from the 0.5 mg/l IBA dose. The number of roots per shoot decreased in other doses, while
the differences between the doses were found to be statistically insignificant (Table 3). While
a higher result in terms of root length was obtained from the control group to which no
hormones had been added, no positive effects on root length of increased IBA doses were
found.

Table 3. Effect of various concentrations of IBA in the 1/2 MS medium on rooting

Hormone Root number/shoot Root length Regeneration rate
(mg/l) (cm) (%)
IBA
0 8.50b 2.35a 100
0.5 14.16 a 1.82 ab 100
1.0 8.30b 1.78 ab 83.3
1.5 8.16 b 1.56 b 66.6
LSD.05 1.84 0.66

Conclusion

It has been concluded that in future studies that will be conducted on in vitro shoot
regeneration in the ‘Ercis’ head cabbage genotype, it would be beneficial to use hypocotyl
explants taken from 7 day old sterile seedlings, and make trials with a higher number of
repetitions using 0.5 — 2.0 mg/l doses of BAP in the MS medium. In terms of in vitro rooting,
it is recommended that no hormones be added to the nutrient medium, or that a dose of 0.5
mg/l IBA not be exceeded in future studies.
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Abstract

Micromorphological characteristics of the pollen grain are one of the most important
parameters to identify plant material. Pollen grains in various species are characterized by
surface features, the length of polar axis (P) and the equatorial axis (E) of grain and P/E ratio.
In this study, pollen grains of two cultivars of Vitis vinifera (Cardinal and Cabernet
Sauvignon) collected from South Marmara of Turkey were examined for their
micromorphological characterization through scanning electron microscopy. The length of
polar axis (P), the equatorial axis (E), and P/E ratio were compared. There is no difference in
size between ‘Cabernet Sauvignon’ and ‘Cardinal’ cultivar. Pollen from both cultivars is
about 25 um. The P/E ratio was 1.09 in ‘Cabernet Sauvignon’ and 1.08 in ‘Cardinal’. The
pollen grains shape is classified as elliptical-oval.

Keywords: Vitis vinifera, Pollen Grains, Micromorphology, SEM

Introduction

Palynology has presented considerable opportunities for cultivar identification in grapevines,
besides its importance in plant taxonomy (Marasal1 et al 2005). The elements of the pollen
aperture complex, such as polar and equatorial axes and exine ornamentation are used in the
description of the pollen (Roytchev 1995). Roytchev (1997) stated that shape, depth and size
of the surface ornamentations and most of the pollen aperture complex traits are cultivar-
spesific. Using pollen morphology in identification has become more important since the
advent of the scanning electronic microscope (SEM) (Roytchev et al. 1994; Fogle, 1977,
Cargnello et. al, 1980; Hebda et.al., 1988; Perveen and Qaiser, 2003; Engin and Unal, 2007).
Vallania et al. (1996) reported differences in exine ornamentation that could be useful for
cultivar identification in Vitis vinifera L. Liu et al. (1997) observed pollen morphology of 10
Vitis species with SEM and found that there were some differences in the size and shape of
the pollens.

The objective of this study was to investigate in detail the pollen morphology of two cultivars
of Vitis vinifera using SEM.

Material and methods

Pollens of the grape cultivars, ‘Cabernet Sauvignon’ and ‘Cardinal’ (Vitis vinifera L.) were
utilized as plant materials. The vines were located at the experimental vineyard at the
Dardanos Campus of Canakkale Onsekiz Mart University (Turkey). Inflorescences were
collected in the morning hours at the 23" stage (full bloom) of Eichorn and Lorenz (1977)
classification. Inflorescences were brought into lab and all unopened flowers were
emasculated and later, anthers were collected in petri dishes. Anthers were allowed to burst
for 24 hours at room temperature. The pollen was further dried up at room temperature for 14-
16 hours, put into brown glass vials. Samples were stored in a refrigerator at +4 °C until
examined.

Preparation of pollen for analysis was performed by mounting two-layer transparent tape on
the object carrier on the microscope and applying pollen with a brush. Prepared using
methods described by Engin and Unal (2007) for scanning electron microscopy (SEM).
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Coating of pollen samples was performed with a layer of gold using Sputter-Coater BAL-
TEC SCD 005. Observation of the prepared samples was carried out with a scanning electron
microscope (SEM) JEOL JSM-7100F (Tokyo, Japan) at 15 kV. Sixty pollen grains from both
of cultivars were examined for their size and shape. Morphological characters measured were;
length of polar axis (P), length of equatorial axis (E) and ratio of polar axis to equatorial axis
(P/E).

The experiment was carried out in three replicates. In each replicate, ten pollen grains were
analyzed. The statistical analysis was performed using statistical analysis software MINITAB
software (Minitab Inc., ver.16) to determine differences in P, E, and P/E ratio. Significant
differences between the mean values was determined using Tukey’s test for significance at p
<0.05.

Results and discussion

Based on the analysis conducted by SEM, pollens from both cultivars, ‘Cabernet Sauvignon’
and ‘Cardinal’, are similar. The pollen grains can be characterized as elliptical-oval with a
smooth exine surface (Figure 1). There were no perforations on the surface of pollen grains of
the cultivars. The surface of the exine of both of cultivars was striate, with more or less
parallel longitudinal ridges (Figure 2), which agrees with the results obtained by Marasali et al
(2005). The ridges were more parallel in ‘Cabernet Sauvignon’ and less parallel in ‘Cardinal’.
Perforation of the exine was not more pronounced compared to other cultivars reported in the
work of Roytchey et al (1994) who found that the perforation on the pollen surface in seedless
grapes are more clear. This indicates that perforations in the grape are cultivar specific.
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Figure 1. Pollen grain from ‘Cabernet Sauvignon’ flowers (left) and from ‘Cardinal’ flowers
(right) in grape (Vitis vinifera L.). Bars: 1 um.

*,

Figure 2. Pollen exine surface from ‘Cabernet Sauvignon’ flowers (left) and from ‘Cardinal’
flowers (right) in grape (Vitis vinifera L.). Bars: 1 um.
Length of the axes (P and E), ratio of polar axis to equatorial axis (P/E) of pollen
grains from ‘Cabernet Sauvignon’ and ‘Cardinal’ flowers were demonstrated in table 1.
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Table 1. The measured characteristics of pollen grains in grape (Vitis vinifera L.). ‘Cabernet
Sauvignon’ and ‘Cardinal’ flowers.

Polar axis (P) um Equatorial axis (E) um P/E ratio shape

Variation Mean  Variation Mean

range value range value
Cabernet S. 21.84-36.40 27.22  18.48-33.04 24.92 1.09 prolate
Cardinal 21.84-33.60 27.12  16.24-27.44 24.97 1.08 prolate
Grape (Mean) 24.94 27.17

The size and shape of pollen grains of ‘Cabernet Sauvignon’ and ‘Cardinal’ did not differ
significantly. The maximum length of pollen grains was determined in the ‘Cabernet
Sauvignon’ cultivar (36.40 um) and the lowest in both cultivars (21.84 pum). The width of
pollen grains ranged from 16.24 um (Cardinal) to 33.04 pum (Cabernet Sauvignon). The
pollens were medium sized. In relation to the results reported by Marasali et al (2005), the
polar axis values obtained in our studies were higher in both of cultivars. Estimation of the
axes might change with mounting medium (Punt etal. 2003).

According to findings of Sotonyi et al. (2000), the dimensions of the pollen grain are, to a
large extent, genetically determined and of great importance for cultivar characterization. In
accordance with the classification given by Erdtman (1969), the shape of pollen grains varies
on the basis of the ratio of the pollen grains polar axis to equatorial axis from prolate
(length/width <2) to perprolate (length/width >2). From this point of view, the pollen grains
of both cultivars are prolate (P/E = 1.08-1.09). A certain degree of homogeneity for P and E
values and ratio were observed. Generally, the P and E values measured in the ‘Cabernet
Sauvignon’ and ‘Cardinal’ pollens changed within a very small range. Marasali et al (2005)
determined that the cultivars studied had small range of P and E values, but the shapes
changed from suboblate prolate-spheroidal. Inceoglu et al (2000) stated that pollens of Vitis
sylvestris ranged from prolate-spheroidal and subprolate pollen shape.

Conclusion
Morphological characteristics of pollens did not show significant differences among these
grape cultivars. These properties are the most influential for classification of cultivars into
particular groups. The pollen of the investigated cultivars were medium sized with a smooth
exine surface. The shape of the pollen grains was elliptical-oval (prolate). The pattern of the
exine of both of cultivars was striate, with parallel longitudinal ridges.
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Abstract

Caraway (Carum carvi L.) is a plant from the Apiaceae family (Umbelliferae). It has two
forms: annual (C. carvi var. annua), which usually grows in warm climates, and biennial (C.
carvi var. biennis), which grows in cooler climates. In our region, the biennial caraway is
usually grown, because it has higher seed yield and essential oil content. However,
introducing the annual caraway to agroecological conditions of Serbia has the purpose of
shortening the production cycle of this plant as the biennial variety is not profitable during the
first year, requires significant investment and occupies space. The purpose of this research
was to determine the duration of the vegetation period, the requirements for temperature,
moisture and insolation of annual caraway during the phenological stages. The experiment
was conducted during two years at three locations in VVojvodina Province. The sowing-harvest
period of annual caraway lasts from 136-177 days, requires above 3000 degree days, whereas
the amount of precipitation needs to be a minimum of 200 mm, and number of sunshine hours
between 1250 and 1480. There is a strong relationship between temperature, precipitation and
insolation that influences the development rate during the caraway vegetation period.

Keywords: caraway, production cycle, temperature, moisture, insolation

Introduction

Caraway (Carum carvi L.) is a plant from the Apiaceae family (Umbelliferae). It has two
forms: annual (C. carvi var. annua), which usually grows in warm climates, and biennial (C.
carvi var. biennis), which grows in cooler climates. However, both forms have the tap root
system, white or pale yellow, 15-20 cm long and 1-2 cm thick. Caraway germinates with two
lanceolate descending cotyledons, while the first true leaf is feathery and unequally divided.
The leaves of the leaf rosette and lower leaves are on long petioles, with 6-12 lobes that are
double or triple pinnate. The leaves on the stem are arranged alternately, and the leaves at the
top are thread-like. Biennial caraway forms only the leaf rosette in the first year, which
consists of 7-18 leaves usually up to 20 cm long. With the end of the vegetation period the
above-ground part dies, while the root winters. In the spring, the development of the plant
starts early, and 4-5 weeks after the first shoots appear, a flower stem develops. The
vegetation period of this form of caraway usually lasts 440-460 days. In contrast, annual
caraway forms a leaf rosette with fewer leaves (usually up to five), and the umbel quickly
starts developing. The vegetation period lasts 140-160 days. The flower stem is upright with
a branching upper part, each branch ends in an umbel, which consists of 5 to 16 primary rays
— umbelletes. The flowers consist of five petals which are white or pale pink with tips bent
upward (Ac¢imovi¢ 2016).
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Caraway fruit (Carvi fructus) is a schizocarp, a seed (reproductive plant organ) and drug
(medicinal raw material) as well as spice at the same time. The fruit is gray brown in color,
3-7 mm long, 1-1.25 mm wide, with a crescent curve. Usually, a schizocarp separates
spontaneously into two mericarps. Each mericarp has nine longitudinal ridges, between which
are the channels with essential oil. Caraway fruit contain from 1 to 6% of essential oil (Carvi
aetheroleum) that gives caraway its characteristic aroma (Sedlakova et al. 2003). There are
approximately 30 compounds in caraway essential oil, among which carvone and limonene
account for about 95%. Other components are present in small proportions (Bouwmeester et
al. 1995). These two components have a wide range of applications.

The biennial caraway is usually grown in our region, because it has higher seed yield and
essential oil content. However, introducing annual caraway to the agroecological conditions
of Serbia has the purpose of shortening the production cycle of this plant as the biennial
variety is not profitable during the first year, requires significant investment and occupies
space. The purpose of this research was to determine the duration of the vegetation period, the
association of annual caraway productivity with temperature, moisture and insolation during
the phenological stages.

Material and methods

The seed used in this study was an annual local ecotype of caraway seed. The field
experiment was carried out during 2011 and 2012 at three localities in VVojvodina Province,
Serbia: MogSorin (latitude 45°18'5"N; longitude 20°09'32"E), Veliki Radinci (latitude
45°0226"N; longitude 19°40'15"E) and Ostojicevo (latitude 45°53'16"N; longitude
20°09'31"E).

The climate in Vojvodina Province is moderate continental with some tendencies towards
continental. The whole region is located in a semi-arid area where variations in the amount of
precipitation, air temperature and other important climatic elements are substantial over the
years. The weather conditions in 2011 and 2012 indicate that they were moderately (2011) to
severely dry (2012) in during the active growing season (April-September), in relation to
long-term averages. Temperature conditions during both years, at the three localities, were
similar, but there were significant variations in the amount and distribution of rainfall between
the locations and years. Meteorological data were obtained from the meteorological stations
nearest to the experimental fields, and are shown in Figure 1.
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Figure 1. Average daily temperatures (°C) and precipitation (mm) during 2011 and 2012 at
three localities

Caraway seed was sown in the first decade of April (optimal time in Serbian agroecological
conditions), with row spacing of 0.35 m, and density of 200 plants/m:. The size of the
experimental plots was 5 m:. Weeds were controlled by hoeing and weeding when needed.
Measures of protection from diseases and insects were not used. Harvest was carried out by
hand in the phase of full maturity. In 2011, the harvest was performed in the middle of
September, and in 2012 because of water deficit and high temperatures the vegetation period
was shortened and the harvest was performed in the last decade of August.

The development of the caraway plant was checked daily. Four phenological stages were
determined: (1) germination, (2) stem elongation, (3) flowering and (4) fruit formation and
maturation. The exact occurrence of these stages was registered both years at the three
localities. The duration of each phenological stage was measured in days. Optimum
parameters necessary for the cultivation of annual caraway were obtained by comparing the
duration of each stage with the sum of effective temperatures (GDD) which present a sum of
average daily temperatures above 5 °C, sum of precipitation and insolation.

Results and discussion
The growth and development of an annual caraway plant is shown in Figure 2, while the
duration of phenological stages in both experimental years in three experimental fields is
shown in Figure 3. The vegetation period of annual caraway lasted from 136 to 177 d. It
lasted longer in 2011 (an average of 169.0 d) than in 2012 (140.7 d). The germination period
lasted 14-19 d, and the period from germination to stem elongation, i.e. leaf rosette
formation, was the longest (between 40 and 51 d). Caraway needed 16-27 d from the start of
stem elongation to flowering. Flowering lasted 15-29 d, and fruit formation and maturation
40-51 d. All phenological stages during 2012 were shorter on average by 5.7 d compared
with 2011, which in the end resulted in the shortening of the total vegetation period by 28.3 d.
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Figure 3. Duration of phenological stages of annual caraway during 2011 and 2012 at three
localities (S—sowing, G—germination, SE-stem elongation, F-flowering, FF—fruit formation
and maturation, H-harvest).

The GDD during phenological stages of annual caraway in both years is shown in Figure 4. In
2011, which was more favorable for caraway yield formation, the average sum of effective
temperatures was 3207 °C (3048-3317 °C). During 2012, the sum of effective temperatures
was lower by 13.2% and the average was 2783 °C (2693-2960 °C). During the period from
sowing to germination, the sum of effective temperatures was 170 °C (in 2011), and 179 °C
(in 2012). For the period from forming a leaf rosette until maturation, the sum of temperatures
was lower in 2012 in comparison with 2011. In 2012, during the period of leaf rosette
formation, a sum of effective temperatures lower by 63 °C was recorded when compared with
the previous year. During the period of flowering, this difference was 83 °C, in the period of
fruit formation 212 °C, and during maturation 75 °C. However, during the second year, the
mean daily temperatures were higher on average by 1.2 °C. Higher average daily
temperatures could have caused shortening of the caraway vegetation period in the second
year of the study.
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Figure 4. The sum of effective temperatures (GDD) during phenological stages of annual
caraway in 2011 and 2012 at three localities

Precipitation during the vegetation period in 2011 was 20% higher on average than in 2012.
Also, the precipitation in the first year was better distributed during the vegetation period.
However, the lowest precipitation was noted from sowing to germination. Nevertheless, the
seed used moisture reserves from the winter period, so this deficit had no negative influence
on germination. During the rest of the 2011 growing season, rainfall was evenly distributed
and sufficient for the formation of high yield.

In 2012, in the period from sowing to germination there was enough rainfall (34-50 mm)
which enabled uniform and fast germination of caraway seed. Also, during the period of leaf
rosette formation (from germination to stem elongation) the quantity of rainfall was optimal.
However, in the period from stem elongation until flowering, there was a significant rainfall
deficit. The dry period continued during the stage of fruit formation, which had a negative
impact on the thousand fruit mass and germinability. In the period of fruit maturation there
was an average of 47 mm of rainfall, but it had no effect on the increase of fruit yield. Thus,
drought in the generative stages had a negative effect on the caraway fruit yield formation.
The influence of insolation on the duration of the caraway vegetation period and some
phenological stages are shown in Figure 5. During the caraway vegetation period in 2011, the
average duration of insolation was 1442 h. In 2012, the average number of sunshine hours
was lower by 117, amounting to 1325 h. Compared with 2011, in 2012, a higher number of
sunshine hours was recorded only in the period of leaf rosette formation. In all other
phenological stages, the amount of insolation was smaller in the second year.

185



1000
&0
400

“Fruit formation .
ahd Tatiration &

'F[D'\"."éf"lri(g";"ji"’f’: e
n o

i

1] — T T T T T T 7T T—T—T T — 71
0O 10 20 30 40 50 &0 TO 8O0 DQO 100 110 120 4120 140 150 160 170 180
ays

Insolation (h)

Stem elong;

200

| —s—Mokarin = Velk Rading  —s— Dslofitevn

2012 1600
— 1000
U0
800 -
£ a0 4
200 A —

0 ==

Harvest
Flowering &
Stem elongation g~

Fruit formation
and maturation

solation jh;

Germination, "

o 10 20 30 40 50 60 7O 80 S0 100 110 120 130 140 150 160 170 180
Days

| —+— Moorin =—Veliki Radinc +— Oslojitevo |

Figure 5. Insolation (h) during phenological stages of annual caraway in 2011 and 2012 at all
three localities

Weather conditions influenced qualitative parameters of caraway fruits such as essential oil
content, oil component ratios, thousand fruit mass, and seed germination (A¢imovi¢ et al.
2014; Ac¢imovi¢ et al. 2015). Weather conditions also influenced morphological parameters
such as plant height, umbel diameter, number of umbels per plant, as well as whole plant
mass, yield of fruits per plant, and harvest index.

Fruit yield per plant was strongly influenced by weather conditions in 2011 and 2012 (Table
1). In the favorable year (2011), the yield of fruits per plant was 4.25 g, while in the dry year
(2012) it was significantly lower (only 0.96 g). The yield of fruits per plant is determined by
the number of umbels per plant, number of fruits per umbel and thousand fruit mass. All these
parameters were significant higher in 2011 than in 2012.

During a dry year in Hungary, the yield of annual caraway fruit per plant was very low,
ranging between 0.02-0.82 g, while in moderate drought conditions it was slightly higher,
reaching 1.73 g (Valkovszki 2011). In Tunisia the yield of fruit per plant was between
0.70-1.33 g, while in Lithuania it was 1.1-2.9 g (Laribi et al. 2010; Petraityte 2005).

Whole plant mass was also significantly influenced by weather conditions (Table 1). In the
favorable year, across the three trial locations average mass per plant was 10.02 g, while in
the dry year it was only 4.21 g, a reduction of 58%. In a study by Laribi et al. (2010), whole
plant mass was reduced by 20 to 40%, depending on the drought level. These results
demonstrate that water deficit is a factor limiting the growth and development of caraway.
Harvest index shows the division of photosynthesis products between fruits and vegetative
parts of a plant. In 2011 harvest index was 43.16%, but only 22.65% in 2012.

Table 1. Fruit mass per plant, whole plant mass and harvest index of annual caraway
depending on weather conditions of the year (mean + SD)

Fruit mass per plant (g) Whole plant mass (g) Harvest index (%)
2011 4.25+1.02 10.02+2.58 43.16+1.09
2012 0.96+0.47 4.21£1.89 22.65+2.07
Average 2.61 7.12 32.91
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Conclusion
There is a strong relationship between temperature, precipitation and insolation that
influences development rate during the caraway vegetation period. However, these parameters
primarily affected harvest index, as well as yield of caraway fruit.
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Abstract

In this study, 38 different mulberries genotypes collected from Tokat region in Turkey were
used. ISSR-PCR analyses were carried on the DNA of genotypes isolated using mini-CTAB
extraction method. The levels of polymorphism between genotypes were determined using the
UBC-ISSR primers. A total of 96 bands were obtained from 15 UBC ISSR primers. Out of 96
bands, 80 bands were polymorphic. The number of bands obtained per primer ranged between
4 and 11, the average number of bands were determined as 6.4. The average number of
polymorphic bands per primer was 5.33. Similarities and differences between genotypes have
been studied at the molecular level. The data used for statistical analysis were obtained by the
evaluation of ISSR bands. Similarity coefficient and UPGMA dendrogram were built using
the Basic Coordinates Analysis. According to the dendrogram, the genotypes have been
divided in two main groups, one small and other large group. While the small group was only
comprised of black mulberry genotypes, the large group included white mulberry, weeping
mulberry and wild white mulberry genotypes. Different mulberry species have been divided
into different sub groubs within the large group. The polimorfizm level within the species was
lowest in black mulberry genotypes, and this was followed by weeping mulberry, white
mulberry and wild white mulberry genotypes, respectually.

Keywords: Mulberry, molecular, genotype, marker, ISSR

Introduction

Mulberry is a perennial fruit species belongs to the genus Morus of the family Moraceae.
(Datta, 1992, Anonymous, 2006). Morus, a genus of flowering plants in the family Moraceae,
deciduous trees commonly known as mulberries, growing wild and under cultivation in
many temperate world regions. The origin of mulberry is Asia (Awasthi et al., 2004). Over
150 species names have been published, and although differing sources may cite different
selections of accepted names, only 10-16 are generally cited as being accepted by the vast
majority of botanical authorities. Morus classification is even further complicated by
widespread hybridisation, wherein the hybrids are fertile. Mulberry trees are either dioecious
or monoecious and sometimes will transform from one sex to another. The flowers are held
on short, green, pendulous, nondescript catkins that emerge in the axils of the current season's
growth and on spurs on older wood. They are wind pollinated and some cultivars will set fruit
without any pollination (Anonymous, 2009).

Black, red, and white mulberry are widespread in southern Europe, the Middle East, northern
Africa and Indian subcontinent, where the tree and the fruit have names under
regional dialects. The most important mulberry species are Morus alba (white mulberry),
Morus australis (Chinese mulberry), Morus indica (Indian mulberry), Morus microphylla
(Texas mulberry), Morus nigra (Black mulberry), Morus rubra (Red-purple mulberry) and
Morus serrata (Himalian mulberry) (Tutin, 1996; Vijayan et al., 2004). The mulberry plants
are deciduous and are produced for their fruit and leaves in all parts of Turkey (Anonymous,
2005). The species M. alba, M. nigra and M. rubra are common in Turkey (Ercisli, 2004;
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Ercisli and Orhan, 2007; Ozgen et al., 2009). The main mulberry production areas of Turkey
are Black Sea Region and Eastern and Central Anatolian Regions.

Turkey has very old mulberry cultivation, and mulberries are one of the main fruits grown by
Turkish farmers. The four mulberry species (Morus alba, Morus nigra, Morus rubra, Morus
laevigata) can be seen in different agro-climatic regions in Turkey. There is no registered
mulberry cultivar in Turkey but each region has its own local genotypes which propagated by
budding or grafting over many years (Ercisli and Orhan, 2008).

Tokat Province of Turkey, at the mid Black Searegion of Anatolia, has a hot-summer
Mediterranean climate with considerable maritime and continental influences. Most parts of
province are suitable for mulberry production, and some species of mulberry spread over the
province. Although there is no intesive mulberry production by producers, one or two
mulberry trees can be seen almost in every orchard, especially near by homes.

The aim of this research is to determinate diversity of mulberries grown in North Anatolia
(Tokat Province) between or within species by ISSR markers.

Material and Methods
Plant Material; For research purposes, a total of 38 different mulberries genotypes from Tokat
region in Turkey were used. Out of total number 15 belongs to black, 13 to white, 5 to
pendulous, 2 to everbearing mulberry and 3 to wild mulberry,.
DNA extraction; Total genomic DNA was extracted according to the CTAB method (Doyle
and Doyle, 1987). DNA sample concentration was determined using a fluorometer employing
a Hoechst dye (Hoefer Inc., San Francisco, CA, USA), and the DNA samples were diluted to
a final concentration of 10 ng/ul with 1 x TE buffer and stored at —20 °C prior to polymerase
chain reaction (PCR) amplification.
ISSR amplification; 15 primers that produced clear and reproducible fragments were
selected out of a hundred UBC primers, which were previously tested for further analyses
(Table 2). ISSR amplification was performed in a 20 ul volume containing 20 ng genome
DNA, 1 x Taq buffer, 2.0 mM MgCl,, 0.2 mM dNTPs, 0.75 uM primer, 0.5 units of Taq
DNA polymerase. The amplification reaction consisted of an initial denaturation step at
94 °C for 5 min, followed by 45 cycles of 45 s at 94 °C, annealing at 50 °C-56 °C for 45 s,
extension at 72 °C for 90 s, and ended with extension at 72 °C for 7 min. The amplified
products were resolved electrophoretically on 2.0% agarose gels run at 100 V in 1.0 x TBE
buffer, visualized by staining with ethidium bromide (0.5 pg/ml), and photographed under
ultraviolet light (Charters at al., 1996, Rafalski at al, 1996) The amplifications were
repeated twice and only clear repetitive bands were used in data analysis, and molecular
weights were estimated using a 100 bp DNA marker (Vivantis).
Data analysis; The amplified fragments were scored for band presence (1) or absence (0) with
all the accessions studied. Similarities and differences between genotypes have been studied
at the molecular level. The data used for statistical analysis were obtained by the evaluation of
ISSR bands. Similarity coefficient and UPGMA dendrogram were built using the Basic
Coordinates Analysis.

Results and Discussion
On the basis of the number, intensity and reproducibility of ISSR bands 15 primers were
selected out of a hundred UBC primers, which were previously tested (Cekic at al., 2001).
Bands with the same mobility were treated as identical fragments. Weak bands with
negligible intensity and smear bands were both excluded from final analysis. Each primer was
evaluated for total band number (TBN), polymorphic band number (PBN) and the ratio of
polymorphism(PR=PBN/TBN X 100).
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The number of scored bands varied from four to eleven with an average of 6,4 bands per
primer and an average of 5,33 polymorphic bands per primer. In total, 80 bands out of 96
derived from 15 primers were polymorphic.

Table 1. Band number, Polymorphic band number and Polymorphic band ratio(%) in mulberry genotypes

ISSR Primer Sequence and Band Polymorphic Polymorphic
Primer Anchors Number Band Band
Code Number Ratio(%)
1 807 AGAGAGAGAGAGAGAGT 11 9 81,81
2 808 AGAGAGAGAGAGAGAGC 5 5 100,00
3 810 GAGAGAGAGAGAGAGAT 8 6 75,00
4 811 GAGAGAGAGAGAGAGAC 7 6 85,71
5 826 ACACACACACACACACC 6 6 100,00
6 835 AGAGAGAGAGAGAGAGYC 7 6 85,71
7 841 GAGAGAGAGAGAGAGAYC 6 4 66,67
8 842 GAGAGAGAGAGAGAGAYG 10 9 90,00
9 844 CTCTCTCTCTCTCTCTRC 4 3 75,00
10 856 ACACACACACACACACYA 4 3 75,00
11 881 GGGTGGGTGGGTGGGT 5 4 80,00
12 888 BDBCACACACACACACA 7 6 85,71
13 889 DBDACACACACACACAC 4 3 75,00
14 890 VHVGTGTGTGTGTGTGT 7 6 85,71
15 891 HVHTGTGTGTGTGTGTG 5 4 80,00
Average 6,4 5,33 82,76
Total 96 80

Figure 1. Agarose gel of polymorphic DNA amplification profiles of different mulberry genotypes ((K: Black
mulberry, B: White mulberry, S: Pendulous mulberry, Y: Everbearing mulberry(Long season harvesting), YB: Wild
mulberry) obtained with UBC ISSR primer 811. (LD: 100 bp LADDER -Vivantis)

Cluster analysis: Genetic similarity among varieties was estimated using dissimilarity
coefficient matrix based on ISSR bands scored. Pairwise values of dissimilarity coefficients
ranged from 0.27 for genotypes with the same scored bands to 1.00 for the most similar
genotypes. The dendrogram was constructed based on the similarity matrix, using UPGMA
method (Rohlf, 1992). The 38 mulberry genotypes were divided into two main clusters
(Figure 2), in which black mulberry genotypes in one group and the rest of the genotypes
falling under the other group. While the first major group contained only black mulberries, the
second major cluster was further separated into subgroups. The first subgroup contained black
mulberry genotypes, respectively which showed very close ISSR profile exhibited the highest
genetic similarity ranges (0,95-1,00). On the other hand, the similarity of the second varied
0.75 to 0.96, in which different mulberry species (White mulberry, Pendulous mulberry,
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Everbearing mulberry, Wild mulberry) seperated in different clusters at various stages (Figure

2).
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Also, the principle component analysis generally put the genotypes into different clusters as
paralel to morfological differences of the mulberry species.
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Figure 3. The principle companent analysis of mulberry genotypes according to 15 ISSR primers

Conclusion

Screening of the 38 genotypes of different mulberry species revealed that banding profiles
obtained with fifteen ISSR primers were enough to distinguish the diversity between species
or within the species. The results indicated that the ISSR technique is effective to develop
genotype-specific banding patterns valuable for genotype identification. Since ISSR-PCR
technique does not require previous DNA sequence information and uses very small quantity
of DNA, it is considered as one of the most widely used techniques for genotypeidentification
and genetic diversity studies. These results mean that molecular tools are more reliable than
the phenotypic observations for evaluating variations and monitoring genetic stability.
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Abstract

With the dramatically increment of human population, demand for food will increase
significantly. In order to enhance food amount, there is a need for utilization of all available
ways to produce food. One of those ways is the exploitation and utilization of production
unsuitable and less productive soil. Solonetz is a type of soil characterized by increased
alkaline reaction, high sodium content and unfavorable water-physical characteristics.
Solonetz is mainly used as a destitute pasture, covering about 135 million hectares, about 20
million hectares in Europe, while in Serbia occupies about 80,000 hectares, mainly in
Vojvodina. Trials were set up at two localities that differ in agro-ecological conditions,
especially in terms of land. The experimental field of the Novi Sad Institute of Field and
Vegetable Crops has been used as control part of the trial having normal growth conditions on
chernozem soil. The other locality is in the village of Kumane in Banat. The aim of perennial
trials conducted on chernozem and solonetz types of soil is to select usable genetic variation
from the existing wheat gene pool and to create a novel genetic variability for the
halomorphic soil growing conditions. Multiyear results show that desirable genetic variability
could be selected within the existing genetic variation and that novel genetic variability of the
enhanced tolerance to abiotic stress conditions of high sodium content and higher alkalinity
could be selected in progenies of suitably chosen parents.

Key words: wheat, abiotic stress, solonetz, breeding, genetic variation.

Introduction
Agricultural production intensification has almost reached the border at given technology
development. However, there is still a space to increase food production by utilizing
agriculturally less suitable land. There is a space of 2.7 billion ha potentially useful to some
degree for broadening food harvest area. One of the ways for broadening land for food
production is putting in use types of soil with less favorable conditions for crop production.
Solonetz represent the type of soil characterized with a high content of sodium, alkaline
reaction and clayey subsurface horizon. Appears, normally, in a steppe climate. Commonly is
utilized as rangeland or just lies idle. There is about 135 million ha of solonetz in the World.
In Europe, solonetz covers about 0.5%. Concerning Serbia, about 3.6% of arable land is
solonetz soil (Miljkovi¢, 1996). About 67% is settled in Vojvodina (Beli¢ et al., 2012;
Djordjevi¢ and Radmanovi¢, 2016). The crops growth on the soil as solonetz, represents
abiotic stress environment for plants that reflects their yield and overall production.
Consequently, beside the reclamation practice, a novel, better adapted genetic variability is
needed. A desirable genetic variability could be found in taxonomically distant organisms,
wild relatives, landraces, older varieties that had been of a good adaptability, but not suitable
for an intensive agricultural production, green revolution type, and among novel varieties bred
for the modern agricultural practice. A new genetic variability could be created vertically
through gene recombination using classic hybridization methods, or by horizontal gene
transfer using gene insertion by means of transgenic technology (Munns et al., 2012; Jiang et
al., 2014, respectively). A crop of choice for targeted agro-ecological production conditions is
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an important decision. Hexaploid wheat (Triticum aestivum L.) meets the requirements.
Wheat has moderate salt tolerance level (Arshad, 2008). It is plays a key role in food supply,
as well. Wheat is durable, adaptable, having genes (Nax) for Na* exclusion in its ancestry
(Borelli et al., 2011). This cultivar is not very demanding and costly in respect of crop care
during the vegetation, and has broad genetic variability among cultivated varieties, and its
wild relatives, like closely linked Aegilops sp. (Colmer et al., 2006). The aim of the article is
to present a survey of long-standing efforts to single out a desirable genetic variability in
bread wheat, as well as, in situ obtained novel genetic variability, under selection pressure of
high potassium content, and overall abiotic stress conditions of solonetz soil.

Materials and methods

The wheat cultivars of the Institute of Field and Vegetable Crops in Novi Sad, have been put
in long-standing trials, established at two localities: Kumane village (45.5219940N,
20.1949190E, altitude 73m, pH = 9.86) on solonetz soil, and Rimski Sanéevi experimental
field of the Institute of Field and Vegetable Crops in Novi Sad (45.3249360N, 19.8428830E,
pH=6.86) on chernozem, as a parallel control trial. Plant traits, the yield components, were
followed, as well as, grain yield per unit area. Phenotypic expressions of individual plant
traits, and the grain yield, were selection criteria for desirable genotype selection in an
existing germplasm, as well as, in novel genetic variability. The existing genetic variability
was tested in a randomized block design (RCBD) trial with three replications, in 1m long
rows 20 cm apart. The wheat varieties in RCBD were parallel observed in micro trials
established at the locality of Kumane that were to simulate a wide production conditions with
1m wide and 150m long rows, with the 12.5cm, space between rows. Fifty kilograms of NPK
15:15:15 fertilizer was applied along with sowing, and 150kg of Potassium ammonium nitrate
was additionally applied in spring. In order to follow the reaction of genotypes, reclamation
was partly applied with 25t/ha and 50t/ha of phosphor-gypsum. Elementary statistics, as well
as, models for sources of variation identification and quantification with the emphasis on
genotype by environment interaction have been calculated for studied traits. The mode of
inheritance has been established using t-test.

Results and discussion

Germplasm testing sample - criterions and variability. In situ breeding program was
developed in two phases. The first phase was forming and testing a germplasm that has been
selected. The general idea was to use available Serbian wheat genetic variability, since Serbia
has a well developed wheat breeding programs. The institution of the first choice was the
Institute of Field and Vegetable Crops (IFVC) and its wheat varieties. IFVC is settled in the
town of Novi Sad area that is about 60km from in situ breeding programe in the village of
Kumane sharing very similar climatic and weather conditions. Moreover, IFVC Experimental
field in Rimski Sancevi (RS) has a chernozem soil type that could be used as quality bases for
control part of trials. Having Kumane (solonetz soil type) and the experimental polygon and
RS (chernozem) as a control, the variation of abiotic environmental conditions has been
diminished, except the soil type difference that was in a scope of the investigation.
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Figure 1. Genotypes in in situ breeding program
established on solonetz soil, where all varieties
were roughly classified according to the country
of origin (Serbia and foreign) in the outer cycle.
Secondary classification is on varieties and local
populations (LP) within genotypes from Serbia
and countries of origin within the group of
foreign varieties Hungary (HUN), India (IND),
Russia (RUS). Thirdly, the breeding institutions
or origin - Novi Sad (NS), Kragujevac (KG),
Local populations (LP), Martonvasar (MV),
Szeged (GKS), Bred Population (BP). The inner
split is accordin to taxa.

The selection criterion for the first set of wheat
varieties for testing to adaptability to abiotic
stress growth conditions of halomorphic soil was
the overall adaptations to target environment of
steps. That is the reason that 63.3% of all tested
varieties (49), through years, have been
originated in IFVC wheat breeding program. In a
later stage of testing, 10 wheat varieties from the
former Small Grains Research Center in
Kragujevac were included (20.4%).
Consequently, the predominant share of 87.8%
represented wheat varieties from Serbia, as well
as, bread wheat (T. aestivum spp. vulgare) up to
85.7%. The rest were local populations of wheat,
barley and some other Triticum species. Among
these occasionally tested genotypes, two are of
special interest - Old Banatka, as local population
obtained by instinctive selection and largely
grown in Vojvodina at the beginning of XX
Century, and Bankut 1205, tall old bred
Hungarian variety that replaced local wheat
populations in Vojvodina by the quarter of the
previous century (fig. 1).

Genetic  variability of genotype sample
populations tested in different environments. The
representative sample population was formed out
of total germplasm collection that has been tested

through years. The part of the trials conducted in
the agro environment of the IFVCNS experimental field in Rimski Sancevi was used as a
pillar of a behavior of corresponding tested sample comparison, in the part of the trial
conducted i Kumane. The conditions in Rimski Sancevi could be characterized as normal,
conducted on chernozem. Kumane part of the trial was conducted on solonetz soil. Having in
mind geographical closeness of these two sites (about 60km), the difference in soil type could
be considered as a major source of phenotypic variation. The genotype by environment
interaction (GEI) was the main source of total variation particularly closer observed. Two
types of GEI variation were looked for - the small GEI over all the environments, followed by
acceptable yield average, as well as, higher GEI value that shows a positive reaction of the
particular genotype to reclamation by phosphor gypsum. For example, the wheat variety
Pobeda is a perfect example of the first selection criterion, holding a small GEI and the yield
in Kumane about 48% of the yield achieved in Rimski Sancevi, with no obvious effect of
reclamation. The wheat variety Renesansa exhibited quite different GEI variation, reacting to
reclamation by enhancing the yield positively correlated to the level of reclamation. Varieties
Simonida and NSR-5 behaved the same way, where the later one had expressed very positive
reaction to reclamation. The third type was “economic variation”. That kind of reaction
exhibited varieties Evropa 90 and Rapsodija, in a smaller extent. Both of them had a higher
grain yield under 25t/ha phosphor gypsum reclamation treatment, than under 50t/ha. The
fourth GEI interaction pattern could be described as “durable one”. Triticale variety Odisej
had the best performance in a part of the experiment conducted on solonetz with no
amelioration. A similar way behaved local wheat population Banatka, and old breaded variety
Bankut 1205, as well as, modern variety Cipovka and facultative bread wheat Nevesinjka.
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This reaction is particularly interested because is kind of unexpected. However, local
population Banatka was grown in this part of VVojvodina for decades up to the WWI and could
be considered as well adapted by the instinctive selection. The variety Bankut 1205 was
Hungarian breaded variety that successfully replaced Banatka in the region, for a while. The
variety Nevesinjka is a special facultative durable genotype, because it came from a part of
breeding program that was conducted in former SFR Yugoslavia for particular requirements
of national defense. The standard for that kind of variability was Triticale Odisej. Varieties
Pobeda, Nevesinjka, Banatka 1205, local population Banatka had on characteristic incommon.
They used the best their yield potential in abiotic stress conditions of solonetz with no
reclamation, realizing 47-54% of the grain yield they gave in normal production conditions of
even more expressive in that way (65%), fig 2.

R Bameevi
W Cantrol
250ha
< Shiha

(]

Renesamsa  Pobeda Evropa 20 NSR-3 Dragana Rapsodijn  Simonida Cipevka Banatka Bankat Nevesinjka  Odisej
1208

Figure 2. The grain yield (t/ha) of 12 genotypes (11 bread wheat varieties + Triticale Odisej) compared in 4
environments - Rimski Sancevi (chernozem soil type), and Kumane (solonetz soil type) with control and two
reclamation treatments (25t/ha and 50t/ha of phosphor gypsum)

Rimski Sancevi. Triticale Odisej was

According to previously reported results, diminished soil productivity enhances cross over
interaction, more over the effect of reclamation highly depends on overall agro-ecological
conditions. The differences in grain yield between the control and 25t/ha of phosphor-gypsum
reclamation varied from 8 to 24% depending on year and genotype tested, while grain yield
on solonetz soil was between 41 and 52% comparing to the yield on chernozem (Dimitrijevic,
et al., 2009; Dimitrijevié, et al., 2011).

The variation of the grain yield components. In order to perceive the effect of the soil type, as
pure as possible, a representative sample of genotypes (11 entries out of 49) was tested on
different soil types, humoglay and solonetz, at the same locality by year, to lessen abiotic
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environmental factors as the variation source (Dimitrijevi¢, et al., 2009; Petrovi¢, et al.,
2013). Humogley exhibits less favorable water-physical properties, while solonetz represents
sodium reach, alkaline soils with a subsurface clay horizon. The pattern that could be
observed is that length traits (plant height, and spike length) were of higher average value on
humoglay that could be considered as more favorable environment concerning soil type. Mass
parameters (spike weight, and grain weight per spike), on the contrary, were of higher mean
values on solonetz soil type. In the same time mean values of the number of grains per spike
were about at the same level. A plant puts an effort to secure embryo with nutrients in order to
provide a better start to its offspring. Denci¢ et al. (2000) affirmed the view that some
individual plant traits, like grain weight per spike, have a significant positive direct effect on
grain yield in abiotic stress conditions.

Crosses and progenies. After multiyear varietal screening, several wheat varieties were
selected as parents for crosses. The criterions of parental selection were: small GE interaction
- the reaction as stable as possible, but followed by acceptable mean values of traits - grain
yield components, as well as, grain yield and good reaction to soil proclamation. Wheat
varieties Renesansa, Pobeda, Pesma, Sara, and Partizanka have been selected for the first set
of crosses.
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Figure 4. The mode of inheritance of five traits, the yield components, - plant height (PLH) in cm, spike length
(SL) in cm, spike weight (SW) in g, grain weight per spike (GWS) in g, and grain number per spike (GNS) in F,
progenies of 5 bread wheat varieties crosses compared in Kumane (solonetz soil type), and Rimski Sancevi
(chernozem soil type)

Progenies of crosses were parallel sown on chernozem and solonetz soil, with full awareness
of genetic variability in early progenies, F, in particular. Variability of the grain yield
components, as well as, the mode of inheritance was followed. In three years period a certain
pattern could be observed. The mode of inheritance in F, progenies grown on solonetz soil
was positive heterotic effect, predominantly, for all traits that were followed (fig. 4). As
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previously reported by Dimitrijevic et al. (2012, 2013), a genetic variability in F, for all
examined traits, the yield components (plant height, spike length, spike weight, grain weight
per spike, and grain number per spike), on solonetz soil, where a positive heterotic effect was
denoted, was not only at the same level as on chernozem, but also of higher mean values.
Having in mind that the selection criterion in early offspring could not be based on the grain
yield per se, but on traits of individual plants, as phenotypic markers, the results of the trials
are encouraging. There is a space within the existing wheat genetic variability, as well as,
within newly created genetic variation to select perspective genotypes for growing in
halomorphic soil conditions.

Conclusion

A discussion on advances and setbacks of in situ breeding programs has been going on within
a breeder’s community, for decades. That goes for breeding programs established in stressful
growing conditions, in particular. Ex situ breeding for special purposes is more secured,
harvest is reliable and better, however has to be combined with lab and markers, and still it’s
outcome is unreliable depending on a number of variation sources of multivariate nature. In
situ breeding has its setbacks, as well. The harvest is not certain and commonly is of smaller
quantity. The process is time consuming, as well, and could appear more expensive,
particularly because parallel trials in normal conditions are recommendable. However,
working in very conditions requires no or very limited lab assistance and MAS, since the
environment is truly the same as in wide production in that environment. Plants adapt from
the very beginning and their reaction is very and thru. Environmental conditions influence
total genome. Genes are not isolated units. They work together, as a genome in a whole. The
thru environment is, wherever is possible, better solution than MAS. MAS could follow
predominantly major genes; the rest is statistical estimation of minor genes highly depending
on the environment and genome interaction. Lab testing gives pure gene effects and intra
genome interaction, but lacks the environment and the effect of plant population that is very
important for plant breeding. According to the results of this program, a desirable and useful
genetic variation could be selected effectively, using a classical plant breeder’s approach.
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Abstract

Sustainable crop production nowadays is assumed crucial for agriculture to survive. Not only
does it mean environmentally friendly protection or renewal of agricultural-natural resources
(no spent substrate, less CO, footprint, less water consumption), but also for growers and
consumers this means producing foodstuff without chemical inputs. Whenever feasible,
sustainable agriculture relies upon crop rotations, crop residues, animal manures, off-farm
organic wastes, mechanical cultivation, mineral-bearing rocks, and aspects of biological pest
control to maintain the soil and its tillage, to supply plant nutrients, and to control insects and
weeds. In this study we evaluated possibility of combined cultivation of edible mushrooms
and vegetables as a sustainable, vertical system of growing. Mushroom compost (MC) was
spawned with Agaricus subrufescens. Overgrown mushroom compost, produced in plastic
bags was released, shredded and formed in 20-30 cm high heaps in the cultivation container.
Cultivation substrate — garden compost (GC) was placed between rows and on top of MC, and
used instead of peat as casing. This prevents MC from drying out and is necessary for
fructification as a water holding layer. Cowpea (Vigna unguiculata) was planted in between
rows. Climbing plants formed shades for mushroom and created specific microclimate. CO,
produced by mushrooms in respiration process is used by plants for plant tissue production.
Results of experiment show the potentiality incorporating plant (legumes) cultivation system
with mushroom growing. Yield of cultivated mushrooms was similar to control, however
increase in yield of beans compared to control was observed.

Keywords: crop growing, fungi, substrate, sustainability, legumes.

Introduction

Yearly losses of food around the world are estimated in range of 1.3 billion tones. In Europe
and North America food waste is dominated by consumer waste and it range 95-115 kg of
food each year, while in African and Asian areas it is 6-11 kg a year (FAO, 2011). This
process influence human-generated greenhouse gas emissions (it is 6% to 10 %) (Vermeulen
et al., 2012). Anaerobic digestion (AD) of organic matter generates biogas for energetic
purposes and influence on decreasing of atmospheric emissions of methane (Horn et al. 1994).
Zhang et al. (2007) and Bouallagui et al. (2003) indicate that food waste is a needed substrate
for anaerobic digesters it is high biodegradable and increase methane production.

Biogas projects which process biological wastes are established in many countries as a policy
of decreasing greenhouse production and waste management. A great deal of byproducts such
as biogas slurry (BS) is produced during the process. Recycling of biogas byproducts via
vegetable production can be sustainable, multi beneficial approach regarding agriculture and
environment. The BS contains abundant nutrients and phyto-beneficial substances. Many
authors claimed biogas slurry can be used in plant production (Alam and Chong 2010,
Hasselgren 1998, Michitsch et al. 2008). In his study, Liu et al. (2009) describes approach on
the utilization of BS in soilless vegetable cultivation. The commercial use of the AD
byproducts is, still, little known and developed worldwide due to unstable or low yields of
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vegetables. The main problems appearing when biogas byproducts are used as a component
for plant nutrition is unstable composition which varies during the year (Govasmark et al.
2011). This instability can influence growth and yields of vegetable crops. It is crucial for
vegetable cultivation to optimize composition of biogas byproduct if used commercially.

The choice of plants was triggered by leaf surface area and ability of the plant to be formed
(i.e. climbing plants). This is due to form plants into shades for mushroom and to create
specific microclimate. Vigna unguiculata (cowpea) is one of several species of widely
cultivated genus Vigna, however the most important food legume crops in semiarid tropics of
Asia, southern Europe, Central and South America (Singh at al. 2003). This plant is warm-
weather crop; drought tolerant is well adapted to drier regions. Cowpea is shade tolerant, so is
compatible as intercrop with maize, millet, sorghum, sugarcane, and cotton (Blade et al.
1997). This makes cowpeas an important component of traditional intercropping systems,
especially in the complex and elegant subsistence farming systems of dry savannas in sub-
Saharan Africa. In these systems the haulm (dried stalks) of cowpea is a valuable by-product,
used as animal feed. According to the USDA food database, the leaves of cowpea plant have
the highest percentage of calories from protein among vegetarian foods (Rangel et al. 2003,
Phillips at al. 2003, Shaw 2007).

Agaricus subrufescens is a Brazilian mushroom which is popularly known as a sun mushroom
widely used not only as a gourmet foods but also as medicine. The Almond mushroom is a
heat loving species (23-27°C) and lower humidity requirements (75-85%), Chang (2008). The
mushroom contains among others, bioactive polysaccharides and protein complexes (PSPC)
which vitalize production of interferon and interleukin and is used in the cancer treatment
(Nakajima et al. 2002). What is more it was also found to have beneficial activity in the
treatment for AIDS, diabetes, hypotension and hepatitis (Mizuno 2002, Endo et al. 2010,
Oliveira Lima et al. 2011). The growing interest in cultivation of this species and its
requirements suiting with the cowpea was triggering the choice for our experiment.

The conducted experiment was performed in the scope of Food to Waste to Food (F2W2F)
project focused on closing “loop” in biogas and food production. Soap bubbles isolated
greenhouse was build, which differ from traditional greenhouse both in better energy savings
and in recycling CO, from biogas production. Additionally digestate, liquid-like wastes after
anaerobic digestion in biogas production was used for plant and mushroom cultivation. Many
authors indicated on difficulties with proper yielding and environmental safety in food
production combined with digestate. Yet, in most of our experiments yields were comparable
with control treatments (mineral fertilizers), we focused on local recycling and safety both for
human health and environment.

The following experiment was a preliminary trial of possible incorporation of combined
cultivation system of mushroom and plants. The aim of research was to show the prospect of
horizontal cultivation structure for future implementation in ecological design and cultivation.

Materials and Methods

Mushroom compost preparation

Compost substrates (wheat straw, shredded paper, chicken manure) were gained from local
sources (farm areas near Drammen, Norway). Straw and chicken manure were derived from
local farms, shredded office paper — collected from offices in the neighborhood area (local
businesses — City of Drammen). The digestate from anaerobic digestion (AD) of source
separated household food waste was separated using a decanter centrifuge. The resulting
digestate solid was added to phase | substrate, and further prepared according to commercial
Agaricus production.

First substrate components were mixed according to substrates dry matter (DM): straw — 18%,
paper 36%, chicken manure — 3%; gypsum 3% and digestate — 40%. Later substrate was
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composted in rotating composter drums. After few days compost loses volume due to heat
generation and was mixed and moved to insulated containers with controlled flow of air
through the substrate (to obtain similar conditions as in commercial bulk systems; 70-80°C
and 6-9% O, v/v). The substrate was turned (reloaded) subsequently again twice at an interval
of 2 days, giving total of 10 days for phase I. The compost was loaded into a miniature phase
Il tunnel for pasteurisation. The temperature was gradually increased to 60°C through 24
hours and maintained for 6 hours of pasteurisation, then decreased to 55°C, for another 6
hours and subsequently to 50°C where it was maintained for conditioning until ammonia (NH3
gas) had dissipated (below 10 ppm).

Substrate incubation

Polypropylene 50 micron, autoclavable plastic bags (capacity of 7 liters, flat size 38 cm wide
x 57 cm high), with four linear ventilation filters were applied were filled with approximately
3 kg of composted, pasteurized compost and left for cooling to room temperature (approx.
22°C). Substrate was inoculated with granular spawn of Agaricus subrufescens (Mycelia
BVG) on wheat grain as amount of 3% of fresh substrate weight. The bags were sealed with
adhesive tape and shaken by hand until the spawn appeared evenly distributed. The spawning
was performed in stable controlled conditions, at 25°C.

Overgrown mushroom compost (MC), was released, shredded but not too much and formed
in little heaps in cultivation container (number of rows depends on the container). The heaps
were 20-30 cm high (for mycelium to easily grow and prevent compost from drying out). In
between the rows proper cultivation substrate, here garden compost (GC) was placed. Garden
compost was also placed on the top of MC, and used instead of peat as a casing. This prevents
MC from drying out and was necessary for mushroom fructification as a water holding layer.

Combined cultivation design

Cultivation container was aluminum table sized 100x100 cm. MC were formed in 2 rows. The
cowpea plants (Vigna unguiculata) were planted in 3 rows in between MC rows. The plants
were grown in such way to shade mushrooms and also to allow easy harvesting of legume.
The air humidity for fruit body development was held at 85-95%. The CO, produced by
mushrooms was used by plants and converted to O,. Cultivation room was aired not to allow
CO, concentration to exceed 1000 ppm (higher CO, levels inhibit mushroom primordia
formation). Water was applied by individual dripping system which was placed on top of
mushroom heap, watering both mushrooms and plants. Later in cultivation vermicompost, for
nutrition addition, was applied on the top of mushroom heap. The dripping water was making
a leakage and nutrition was washed out to plants. Mushrooms appeared on the top and also
can appear on the sides of heap, 2-3 weeks beginning of cultivation (after mycelium recovered
and fully overgrown casing soil). Temperature during this period (esp. inside the MC heap
should remain between 22-25°C). The mushroom harvest was led until the end of cultivation
period of legume plants 8-10 weeks. The legumes were collected gradually when ripe.
Experiment have been performed in 3 replications of spring-summer season 2013, cultivation
time was 8-10 weeks in greenhouse conditions. Daytime temperature was maintained on 21-
25°C, decreased in nighttime to 17-19°C.

When comparing the experimental results, the analysis of variance for one factorial
experiments was applied (ANOVA, level of significance a=0.05).
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Results and discussion

In following experiment we examined possibility of combined cultivation of legume plant
— Vigna unguiculata and mushroom — Agaricus subrufescens. The trial shows yield of both
examined objects depended on cultivation system. Yield of almond mushroom, A.
subrufescens was slightly higher in the control trial; however statistical difference between
combinations was insignificant. In the contrary, there was great difference of yield of cowpea
— V. unguiculata. The legume plant yielded significantly higher in the combined cultivation
system than in the control cultivation system (Fig.1-2).
Average yield of A. subrufescens from control trial was 84 g/kg™ of substrate, and in
combined cultivation design showed 62 g/kg™. This corresponds with research of other
scientists on almond mushroom. Eira et al. (2005) and Llarena-Hernandez et al (2013) report
yield of A. subrufescens to reach 80-200 g/kg * fresh substrate. The average yield of cowpea
is reported to reach 1.8-3.0 kg/m®. In our experiment yield was much lower than reported in
literature; however it was significantly increased in combined cultivation system (Blade et al.
1997, Phillips et al. 2003, Rangel et al. 2003, Singh et al. 2003). In literature there are several
research describing combined cultivation of different mushroom-plant systems (not
mentioning omnipresent mycorrhiza dependence between higher plants and mushrooms).
Stropharia rugoso-annulata is grown together with maize — 20% of yield increase, while
combination of Hypsizygus ulmarius and Brussel sprouts because 25% of yield increase
(Wang et al. 1984, Dallon 1987, Levanon and Danai 1995, Maher et al. 2000, Mullen and
McMahon 2001, Williams et al. 2001, Prabu et al. 2014). Mushroom hyphae wrap around
roots and increase water and minerals availability for plants — which lead to higher biomass
production — higher yields. In the other hand, mushroom compost is nutrient rich product,
highly assimilable by plants. Yield increase in cowpea can be explained by high nitrogen
content (Im* of MC contain same amount of N present in cow manure). MC contain also
around 20% of calcium carbonate, therefore regardless of pH has great potential for substrate
deacidification (Nizewski et at. 2006). Lower mushroom yield could be caused to rich casing
material (vermicompost), critical moment in A. subrufescens production, which might inhibit
fruiting bodies development (Zied et al.2012).
This trial experiment show the potential of vertical cultivation in terms of CO,
production/disposal as well as waste treatment and limited space needed for cultivation.
However further investigation should be performed in order to evaluate more possibilities of
plant-mushroom combination.

Conclusions

Combined cultivation of plant (legumes) and mushroom was possible. Yield of cultivated
mushrooms was similar to control. Yield of cowpea was higher compared to control.
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unguiculata)
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Abstract

Peach breeding was focused on obtaining cultivars with high commercial properties,
enhanced adaptability to frosts, drought and fungus diseases. Gene fund is the basis for
breeding. Peach collection on the southern coast of Crimea, owned by Nikita Botanical
Garden, includes 483 cultivars, 103 elite hybrid forms and above 2000 hybrid seedlings. Gene
fund has been formed by means of introduction and inclusion of cultivars and forms from
own breeding. Gene fund is systematized on grounds of belonging to certain ecogeographycal
groups and ecotypes, among them were recognized carriers of economical valuable features
and was showed efficiency of their selection amid diverse cogeographycal groups for use in
the breeding. Evaluation of selected varieties and their comparison with the cultivar model
based on cluster analysis allowed to determine the degree of similarity between them after a
complex of characteristics. Together with intraspecific (direct, reciprocal and back-crossing as
also inbreeding) was effected distant (interspecific, intergeneric) hybridization, without and
with treatment of pollen by mutagens. Clone selection of somatic mutations was effected
without and with treatment of vegetative buds and seeds by mutagens. As a result of cultivars
research and breeding were selected 28 new peach cultivars, afterwards included into Plant
Varieties Register of Russia and Ukraine.

Keywords: gene fund, ecogeographycal groups, ecotypes, hybridization, cultivars.

Introduction

Common Peach (Persica vulgaris Mill.) is one of the most important stone fruit crops
cultivated in Southern Russia. In the Republic of Crimea it occupies an area of 2.63 thousand
ha, which amounts to 25.2% of the total area of fruit crops. The peach is notable for excellent
commercial properties of fruits, a bride range of ripening terms and is in great demand in the
market. But the existing assortment of this culture includes too little early maturing cultivars,
especially with yellow flesh, and late ripening terms. It is necessary to increase the resistance
of cultivars to adverse abiotic and biotic factors of the environment and improve the
commercial properties of fruits.

At present, the most significant is the classification of Ryabov I.N. (1953), based on botanical
and geographical peach groups. Within the peach Persica vulgaris Mill. selected two kinds of
varieties: with pink flowers - P. vulgaris var. Rosaeflorae Riab. and bell flowers P. vulgaris
var. Campanulaeflorae Riab. Among varieties with bell-flowered dominated the middle and
late ripening, and about equally there were varieties with white and yellow colored flesh.
They belong to the Iranian eco-geographical group of varieties. Among the varieties with pink
flowers were many early ripening samples. Varieties of early, middle and late ripening are
distributed in roughly equal proportions with white colored flesh forms. They belong to the
North Chinese eco-geographical group of varieties.

The main base for breeding is the gene fund of fruit crops, used by NBG, is formed by
cultivars and forms, wich were introduced from various natural regions of the CIS, Europe
and America, and by self-bred forms and varieties (Plugatar, 2016; Ryabov, 1969; Smykov,
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2001; Smykov, 2008; Smykov, 2015;Hesse, 1981;Infante et al.,2008;0Ogundiwinet al.,
2009;Sansavini, 2006).

In this regard, the aim of research was to develop theoretical foundations for improving the
techniques used in peach varieties research and breeding as a basis for optimization of the
breeding process and the development of new cultivars for commercial horticulture in Crimea
and southern Russia.

Materials and Methods

The material of the research was a peach gene fund, represented by 483 cultivars, bred and
introduced by Nikita Botanical Gardens and by 103 elite forms, as well as more than 2
thousand hybrid seedlings. Research were carried out for 2000 - 2015 years. For a
comprehensive assessment of varieties the gene fund was systematized by eco-geographical
groups and ecotypes with the definition of the incidence of economically important traits in
each group and ecotype. The research on the gene pool and on the breeding process was
carried out according to the techniques by NBG (Smykov and Lishchuk, 1999), the
"Programme and technique for research on varieties of fruit, small-fruit and nut crops"
(Sedov, 1995), "Programme and technique for breeding of fruit, small-fruit and nut crops"
(Sedov and Ogoltsova, 1999).

Results and Discussion
The breeding was based on the scheme developed and used by us. Gene fund has been formed
by means of introduction and inclusion of self-bred cultivars and forms. Together with
intraspecific (direct, reciprocal and back-crossing as also inbreeding) was effected distant
(interspecific, intergeneric) hybridization, with and without dust treatment with mutagens
(Sedov and Ogoltsova, 1999). Embryos from the seeds of early maturing maternal varieties
were grown up by the in vitro culture (Department of Biotechnology).
Clone selection of somatic mutations was performed without and with treatment of vegetative
buds and seeds by mutagens. To stimulate development in the in vitro culture, the immature
embryos were irradiated at small doses (Smykov and Lishchuk, 1999).
The obtained hybrid seedlings and clones were studied on the complex of economically
valuable traits in greenhouses and breeding garden during a several of years after the fruiting.
Selected elite forms were grafted into rootstock and planted in amount of 5-10 plants in the
collection garden for a comprehensive assessment according to the technique of primary
research, involving specialists from other departments (biotechnology, biochemistry,
phytopathology, agroecology and athers.) (Sedov, 1995).
The forms, with better economical valuable features than used cultivars have been passed in
State service of varieties test, and then were passed to the firms for production testing. Last
stages of the breeding process are the patenting entry in the Russian Register of Breeding
Achievements and conclusion of license agreements with nurseries for industrial reproduction
of new cultivars.
Accomplished researched allowed to identify diverse eco-geographical groups, ecotypes and
cultivars with high intensity of blossom (the North-Chinese ecogeographycal group, the
European ecotype of North-Chinese group, 16 cultivars ), with late blossom (North-Chinese
group, the European ecotype of the North-Chinese group, 17 cultivars), with long-lasting
blossom, (the Iranian group, the American ecotype of the Iranian group, 22 cultivars), with
early bearing age (the Iranian group, the European ecotype of the Iranian group, 60 cultivars ),
high-yielding (North-Chinese group, Transcaucasian ecotype of the lIranian group, 14
cultivars), early ripening (Iran group, the American ecotype of the Iranian group, 60
cultivars), late ripening (North-Chinese group, Transcaucasian ecotype North-Chinese group,
6 cultivars), with high commercial properties (Iranian group, the European ecotype of the
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Iranian group, 111 cultivars), with high adaptability to frost (North- Chinese group , European
ecotype Northern-group, 14 cultivars), to drought (Iranian group, the Central Asian ecotype of
North-Chinese group, 32 cultivars), to leaf curl (Tarphina deformansTul.) (North-Chinese
group, the Central Asian ecotype of the North-Chinese group, 4 cultivars), to powdery mildew
(Sphaerotheca pannosa Lev. var. persicaWoronich) (North-Chinese group, Chinese ecotype
of the North- Chinese group, 10 cultivars).

In our investigations we used the developed by us cultivar model criteria, based on 35
features: a tree with a moderate growth of 1.8-2.0 m, narrow revertive-pyramidal compact
shape of the top, early productivity (starting from the second year after planting), a long deep
rest period (over 100 days), a late blossom (more than 50 days after the start of the growing
season), plenty blossom (5 points), long-lasting blossom (over 18 days), high-yielding
(above 50 kg per tree and 10 kg per 1 m? of the top projection), a high productivity factor of
leaf apparatus (CPWL above 3.0), high resistance to frost: flower buds damaging do not
exceed 10 per cent (1 point), a very low susceptibility to leaf curl (0.5 points), to powdery
mildew ( 0.1 points), high drought tolerance (5.0 points), the duration of the yielding period
over 20 years.

Average fruit weight amounts to 120 - 150 g, round in shape, fruit have a poor pubescence,
yellow, melting or non-melting, dens flesh, carmine-dark-red surface colouring, which covers
100 percent of the fruit surface, a little (less than 4 g) stone, free stone, have an excellent
appearance and taste, have universal using, high content of biologically valuable
substances: dry substance (above 20 percent), sugars amount (above 12 percent), ascorbic
acid (> 10 mg/100 g), leucoanthocyanins (above 120 mgt/100 g), flavons (above 24 mg/100
0), pectic substances (above 1.2 percent), carotin (above 1.6 mg/100 g).

For comparing the top 25 cultivars of peach, selected from the collection, by means of cultivar
model based on 15 main features, we have used the cluster analysis technique (see table.).
This technique allowed us to determine the degree of similarity between these cultivars and
the cultivar model based on Euclidean distance. All objects are grouped into a classification
tree, which is reflected in a dendrogram (figure 1).
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Figure 1. Cluster analysis of similarity between peach cultivars and cultivar model:

1. Cultivar Model, 2 Gagarinskiy, 3. Gartvis-72, 4. German Titov,
5. GorniyTsvetok, 6. DruzhbaNarodov, 7. Kodru, 8.KrasaKavkaza,
9. Kremlyovskiy, 10. Lebedev, 11.Muza, 12.Pamyat Simirenko, 13.Tyulpan,
14. Baby Gold-6, 15. Conharmony, 16.Early Coronet, 17.Early Red, 18. Elvira,
19. Golden, 20. Harbell, 21. Harken, 22. Monroe, 23.Redcap, 24.Redhaven, 5.Rihven, 26. Sun
Beam

According to the similarity of the features and their values the cultivars, united in clusters
(groups), are close: 1. Gartvis 72 u German Titov; 2. Lebedev, Baby Gold-6, Redhaven,
Harbell; 3. PamyatSimirenko, Tyulpan; 4. Kodru, Early Coronet, Redcap, Elvira; 5. Golden,
Sun Beam; 6. Conharmony, Harken, Monroe.

According to the complex of features as the most close to model (62 units of Euclidean
distance) were marked eight cultivars: Gagarinskiy (51 units), Druzhba Narodov (42 units),
Muza (39 units), Kremlyovskiy (37 units), Krasa Kavkaza (35 units), Early Red (30 units),
Harbell (28 units), Redhaven (27 units).

To determine the interdependence between economically-valuable signs based on evaluation
of 110 cultivars we perfomed a correlation analysis on 15 indicators and detected varying
degree of their interrelation.

The highest correlation coefficient was observed between fruit quality - appearance (0.9) and
the taste (0.83); ripening term - weight (0.5) and the percentage of surface colouring (-0.6);
period and duration of blossom (-0.66); appearance and taste of fruits (0,55), and others.
Breeding was focused on developing new cultivars with low susceptibility to powdery mildew
and leaf curl, with early and late ripening terms, high commercial properties and enhanced
resistance to frost. The total namber of crossing combinations was 380.
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Most combinations with a high percentage of seed formation was observed in crosses on the
earliness with the participation of the middle ripening parent cultivars.

The most high-self-fertile and self-fertile cultivars belonged to the Iranian ecological-
geographic group, and the American ecotype. In the high-self-fertile group were marked 13
cultivars , among self-fertile samples - 18 cultivars.

Hybridologycal analysis allowed to detect cultivars and forms - donors of qualitative signs: 14
donors of round shape, 19 - non-melting flesh, 3 - of white flesh colouring, 11 - of tender
flesh density, 2 -free stone, as well as quantitative signs: 2 donors of early ripening, 4 - of
medium terms, 7 - of the medium and large fruit , 8 - of a better colouing, 5 - of good taste of
fruits, 9 - of high yields, 10 - of low susceptibility to leaf curl, 3 - of low susceptibility to
powdery mildew, 2 - comprehensive donors of low susceptibility to diseases.

Through investigation seedlings from gene fund on fruits quality we selected 47 forms (the
most of them (68,8 per cent) were obtained by crossing of cultivars belonging to different
eco-geographical groups and ecotypes), with high productivity - 32, low susceptibility to leaf
curl - 36, to powdery mildew - 38.

In the course of research was evaluated radiosensibility and the fertility of gamma-irradiated
pollen of 23 peach cultivars, used in breeding programs.

Thereby were detected optimal doses and plants variation range after exposure of seeds to
gamma-radiation in combination with growth substances «Fumary», IBA and by treatment of
vegetative buds with chemical mutagens ElI, NEU, NMU in combination with gamma
radiation and these growth substances.

By means of radiation mutagenesis were detected 49 promising forms that were evaluated on
a range of economically valuable signs.

Among them 13 radioforms were marked by frost resistance, 11 - by drought resistance, and 8
forms with high content of biologically valuable substances in fruits.

In the course of research have been studied the specifics of differential chromosome colouring
in gamma-irradiated peach forms of cultivar Sovetskiy (figure 2).
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Figure 2.The classification of types of peach chromosomes at the stage of cell division
prophase-prometaphase.

In variants with radiation, especially at a dose of 50 Gy, were marked differences in the ratio

of hetero- and euchromatin blocks, changing area, the total optical density of the cell nucleus,
the appearance of cells with micronuclei, bridges and polyploid set of chromosomes (Table ).
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Table. Abnormalities in the mitotic division of somatic cells in the irradiated peach.

Variant| The Area The total Amo- | Amo- | Amo-
of | number core optical unt of | untof | untof
radiation  of core density | micro | cells | polyp
Cultivar Gy | studied -cores | with | -loid
cells briges | cells
Pixel> |V, % |sumg- |V, %
rey
Barkhatisti | 0 100 25159 | 204 |10.7 |184 |0 2 1
y (control)
Barkhatisti | 50 96 24028 | 222 |95 19.7 | 4 7 2
y
Sovetskiy | 0 100 33429 (280 |123 |233 |1 0 0
(control)
Sovetskiy | 50 100 2827.7 | 389 |109* [394 |0 5 0
*
Kudesnik 0 100 75659 | 266 [234 |146 |1 2 0
(control)
Kudesnik 50 112 5262.7 | 325 |26.8* |19.0 |6 7 4
*

Significant differences with control at P = 0.95 for the core area and the total optical density

Based on the study of the gene fund, the selection of the source cultivars and forms for
hybridization, evaluation of breeding material, we selected 28 new peach cultivars: Sonata
Tavridy, Ulublenniy, PamyatnyiNikitskiy, Pontiyskiy, Granatoviy, Podarok Like, Strelets,
Soprano, KrymskiyShedevr, Rodzinka, Karnavalniy, Lakomiy, Naryadniy, Nikitskiy,
Otlichnik,  NikitskiyPodarok, Dostoyniy, Kloun, Temisovskiy, KrymskiyDiamant,
YuzhnayaGarmoniya, RumyanyiNikitskiy, Merkuriy, Serdolik, Ozhidaniye, KrymskiySonet,
PivdennaFantasiya, Etyudniy, Persey, which have been included into Russian Register of
Breeding Achievements (Division Republic of Crimea). Some of these cultivars are shown in
figure 3.

Cultivar Pontiyskiy Cultivar Pivdenna Fantasiya
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'Cultivr Rodzinka

Figure 3. Promising cultivars of peach.

Conclusions

Thus, the comprehensive study of the peach gene fund on the basis of dividing cultivars into
according eco-geographical groups and ecotypes, determining their frequency of occurrence
of valuable signs, the criteria of cultivar model, correlation interdependence between signs,
selection of sources and donors of economically valuable properties, including them in
crossing combinations on the principle of distant origin, application of radiation and chemical
mutagenesis allowed to optimize the breeding process and to make it more effective. On this
basis we obtained 28 new peach cultivars, which were included into Russian Register of
Breeding Achievements.
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Abstract

Rosemary (Rosmarinus officinalis L.) is an evergreen plant endemic and typical of the
Mediterranean region. Rosemary has long been considered an important plant for its essential
oil used vastly in the perfume and medicine industry. The plant has been reported to possess
several medicinal properties. The first-year of a rosemary (Rosmarinus officinalis L.) crop’s
growth and productivity as affected by irrigation and N fertilization was investigated under
field conditions in central Greece. In April 2015, winter cuttings of a native rosemary cultivar
were transplanted to an experimental field installed in Nea Aghialos, Magnesia, central
Greece. The experimental design was a 22 factorial split plot design with three drip irrigation
levels (0, 50, and 100% of potential evapotranspiration) comprising the main plots, and three
nitrogen dressings (0, 50, 100, kg N ha™) comprising the subplots in four replications
(blocks). The growth and final productivity of the crop was measured in four destructive
samplings of the crop during the summer 2015. The results demonstrated the paramount
effects of both irrigation and nitrogen fertilization on thyme productivity and final yield
already in the first year of crop establishment.

Keywords: rosemary, irrigation, nitrogen, fertilization, evapotranspiration

Introduction

Rosemary (Rosmarinus officinalis L.) is an evergreen woody aromatic herb with a
characteristic aroma and lavender-like leaves. The plant is native to the Mediterranean region
where it grows abundantly. Rosemary is cultivated on a large scale in Spain, Italy, France,
Algeria, and Portugal for its essential oil. Morocco, one of the world’s leading producers of
rosemary oil, is second only to Spain and Tunisia in terms of volume of production (Bolens
1985). The leaves of rosemary are also used for culinary purpose and are reported to possess
antioxidant properties. Rosemary is also used in food products.

Water availability plays an important role in plant growth and productivity (Singh and
Goswamy, 2000). Deficit irrigation, one of the environmental stresses, is the most significant
factor restricting plant growth and crop productivity in the majority of agricultural fields of
the world (Abedi and Pakniyat, 2010). Field experiments on water requirements of rosemary
in Egypt revealed that irrigation once every 14 days resulted in high herbage and oil yield
(Kandeel, 2001). It was demonstrated that irrigation once a week is sufficient (Farooqui and
Sreeramulu, 2001). Identifying growth stages of a particular cultivar under local conditions of
climate and soil fertility allows irrigation scheduling to maximize crop yield and most
efficient use of scarce water resources (Puttanna et al, 2010; Mahal and Sidhu, 2006).

Besides irrigation, Nitrogen fertilization is very important affecting leaf area index and dry
herb yield of rosemary plants as shown in previous studies (Singh, 2013; Singh and Wasnik,
2013). Studies conducted in Italy (Sardinia) on fertilizer dose and weed management revealed
that applying 80 kg N ha™* coupled with hand weeding of the major weeds increased herbage
yield and oil (Milia et al., 1996). Fertigation with water-soluble fertilizers (80% WSF)
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coupled with micronutrients were reported to increase growth, yield and quality traits of
rosemary (Vasundhara et al., 2002).

The objective of the present work is to determine the growth and productivity of rosemary
under field conditions during the first year of establishment under optimum and sub-optimum
irrigation and N-fertilization inputs in a typical Mediterranean site, e.g. central Greece.

Materials and methods
Crop establishment
The experiment was set up in the rural area of Nea Aghialos in Central Greece (39°16'02.3"N
22°47'47.5"E) on May 5, 2015. The soil of the experimental plots was a sandy loam one with
a pH of 6.8 and an organic carbon (C) of 1.5 g kg™*. Rosemary cuttings (43 days old) were
obtained from a local nursery. The soil was prepared and divided into plots; each of them was
4,2 my 2,4 m and contained three drip rows. The cuttings were transplanted on May 5.
Distance between plants and distance between rows were both 60 cm. Nitrogen was applied in
three levels: NO, N50 and N100 (0, 50 and 100 kg ha ~* respectively) in the form of a urea
fertilizer on June 9 of 2015. Thirty-six plots containing a total of 648 plants were arranged in
a split plot design with irrigation being the main factor and nitrogen fertilization the factor
split into sub-plots. Each experimental unit consisted of three rows of plants, 0.6 m apart, with
the two outer rows serving as buffers while plants were spaced at 60 cm apart.
Irrigation
The amount of irrigation water was equal to 0% (rainfed — 110 mm), 50% (281 mm) and
100% (562 mm) of the recorded evaporation values of a class-A pan. The irrigation water was
applied by drip irrigation system and the irrigation interval was seven days. Surface drip
irrigation system consists of an irrigation pump connected to sand and screen filter and a
hydraulic fertilizer injection pump was used. The actual water discharge rate was 8 L h™
along the drip lines. Weed control was carried out via application of a polyethylene
transpiring mulch as this material has demonstrated a 100% efficiency in weed control among
other tested mulches according to Hoeberechts et al (2004).
Harvesting and Drying
Two plants per plot were harvested on three dates in the experimental season, all aerial parts
of the plants were cut 5 cm above ground and the following growth parameters were
determined: plant height, fresh weight of leaves/plant and fresh weight of stem/plant. LAI was
measured via destructive methods using a calliper. The same parameters were determined
after drying plant material in dark storage rooms on specially designed shelves. This method
of drying was chosen as it is the method most commercial growers in Greece actually use.
The results of the final harvest (28/08/2016) are demonstrated in this paper.
Statistical analysis
All recorded values of this experiment were statistically analyzed using analysis of variance
through the Genstat Program. Means were compared using revised L.S.D. test at 0.05 levels.

Results and discussion
Irrigation effect on plant growth parameters including LAI, plant height and dry leaf weight
Irrigation had a significant effect on dry leaf weight. The I3 treatment gave higher dry leaf
yields in all nitrogen treatments (0.50, 0.77, 1.21 t ha™* for nitrogen treatments NO, N50 and
N100 respectively) compared to lower volume of irrigation as it is apparent in Figure 3.
The same significant effect appeared in LAl measurements and the means were 0.3, 0.51 and
0.84 for nitrogen treatments NO, N50 and N100 respectively (Figure 1). Irrigation had no
significant effect on plant height, although plant height trended to higher values as water
volume increased (Figure 2).
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Nitrogen effect on plant growth parameters including LAI, plant height and dry leaf weight
Nitrogen had a highly significant effect on dry leaf weight (Fy,<0.001). The NlOO treatment
gave higher dry leaf yields in all irrigation treatments (0.84, 0.93, 1.21 t ha™ for |rr|gat|0n
treatments 11, 12 and I3 respectively) compared to lower levels of nitrogen per hectare as it is
apparent in Figure 3. The same highly significant effect was witnessed in LAI measurements
and the means were 0.64, 0.67 and 0.84 for irrigation treatments 11, 12 and 13 respectively
(Figure 1). Nitrogen fertilization had no significant effect on plant height, although plant height
trended to higher values as nitrogen per hectare increased (Figure 2).

The LSD test demonstrated that the I3N100 combination differed than the rest regarding LAI
while treatment combinations 11N100, 12N100 and I3N100 were different than the rest when
it came to dry leaf yield (t ha™).

Figure 3. Leaf area index (LAI) of plants, primarily grouped by irrigation level and secondly
by nitrogen level.

LAI
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Figure 4. Plant height (cm) of plants, primarily grouped by irrigation level and secondly by
nitrogen levels.
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Figure 5. Dry leaf yield (t ha™) of plants, primarily grouped by irrigation level and secondly
by nitrogen level.
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Table 2. Means of vegetative growth data of rosemary as affected by different water regimes
and nitrogen fertilization level at the end of the experimental season.

Irrigation Nitrogen level | Plant  height | LAI (Leaf | Dry leaf yield (t Ha™)

level (cm) Area Index)

0% NO 32,33a 0,26a 0,360a
N50 32,83a 0,38b,c 0,557a
N100 36,67a 0,63e 0,840Db,c

50% NO 37a 0,41c 0,654b
N50 37a 0,37b,c 0,5670a
N100 42a 0,66e 1,01c

100% NO 34,83a 0,29,b,c 0,501a
N50 39,67a 0,51d 0,773b
N100 40,67a 0,83f 1,21c

Means followed by different letters were significantly different according to revised L.S.D.
test at 0.05 level.

Conclusion

During the first year of the crop’s establishment, irrigation and nitrogen’s paramount effects
were demonstrated. Future experiments for consecutive growing seasons and in different soil
types are recommended in order to assess the prospects of rosemary cultivation in Greece and
the possible financial interest of the crop. As water becomes scarce in the Mediterranean and
nitrogen fertilization is always a cost for producers, these inputs should be carefully
calculated in terms of sustainability and cost efficiency. As soil erosion continues to be a
problem in Greece (Kosmas et al, 2001), perennial crops like rosemary make suitable
candidates for the eradication of the problem.
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Abstract

It was generally examined and been informed the present and future effects of carbon dioxide
(COy) on field crops which were grown on the earth as morphologically, physiologically,
agriculturally, etc. in this poster presentation. As known, agricultural sector is very sensitive
to the global warming effects on field crops. Almost in each country, agriculture is the second
or first largest direct or indirect contributor for the global warming. Especially, this
phenomenon contributes to unwanted effect(s) through the emission of carbon dioxide (CO,),
methane (CHj,), nitrous oxide (N,O), chlorofluorocarbons (CFCs), etc. Especially, from them
CH, has the highest global warming potential that is about 300 times than the potential of
CO,, and about 20 times than that of the N,O. It was found that the average temperature of the
Earth would be rise up to (1.4-5.8 °C) by the 2100, and some agricultural practices (poly,
mono and mixed cropping) and ecosystems (such as agro-forestry, agro-silvo-pastoral
systems, landscape, aquaculture, rangelands, wetlands, fallows, etc.) will be affect at different
levels. It was verified by the satellite images, increasing in the CO, concentration (lts level in
March 2016 is 404.83 ppm) will make accelerate plant growth, increase of water use
efficiency (WUE) and physiological/metabolic activity (ies), reduce the grain filling period,
nutrient efficiency, incubation and flowering periods. The purpose of this paper is to give some
important, valuable and practical information(s) on the present and future effects of carbon
dioxide (CO,) on various field crops.

Keywords: Global Warming, CO,, Field Crops, Water Use Efficiency.

Introduction
Increase in the CO, concentrations will be profound effects on the various field crops growth
and productivity (Reddy et al. 2010). It is expected to reach 550 ppm by 2050 according to
IPCC, and a 75 % increase from 315 ppm measures in 1960 (Tausz et al. 2013), however and
its (present) level is 407.40 ppm in 11 June 2016 (Anonymous, 2015a, 2015b).

Global Carbon Dioxide Emissions 1850-2030
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Figure 1. Global CO, emissions trend between 1850 and 2030 years (Anonymous, 2015c)
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Plants are grouped into (3) classes as C3 (e.g. wheat (Triticum ssp.), rice (Oryza ssp.), soybean
(Glycine ssp.), potato (Solanum ssp.)), C4 (maize (Zea mays L.), sorghum, sugarcane
(Saccharum ssp.), trees, grain legumes, rice, potato, vegetables, millet, soybean) and CAM
(e.g. pineapple (Ananas comosus (L.) Merr., Papaya (Carica papaya L.) according to their
stable carbon isotopes’ number at the end of photosynthesis. With the C3; photosynthetic
pathway, they often exhibit greater growth response relative to those with a C, (Prior et al.
2013). So, their reaction(s) differ from each other to the elevated CO,. The C3 plants under the
elevated CO, have indicated photosynthetic acclimation, which might be due to soil and
nutrient limitation associated with reduced root volume, some showed also significant
increases in light-saturated rates of photosynthesis in the several C; plants. They have a lower
water usage efficiency (the WUE) compared with the other C, field crops (Fuhrer, 2009).
Under the elevated CO,, it is exclusively assimilated and enhances growth 33% to 40% in the
Cs plants, but 10% to 15% increase in the C4 plants (Tausz et al. 2013). The CAM and the C,4
plants use a series of enzymes that initially combine of the CO, (DaMatta et al. 2009),
(Crassulacean Acid Metabolism) plants. They (The CAM plants) are inherently high in the
WUE, due to their ability to open their stomata at night to take into the CO, (Ulukan, 2008).

Material and methods

Increasing in the CO, concentration can have a positive impact/s on yield by stimulating their
photosynthesis and reducing of water losing via respiration. Since, this kind of the CO,
acceleration role on yield level (CO, fertilization) is a strong effect esp. in the grain legumes
and the C;z plants (Zhai and Zhuang, 2009), but the WUE decreases when the CO,
concentration increases (Dhakhawa and Campbell, 1998). The C, plants had higher the WUE
than the C3 plants due to their convertibility of the WUEs’ for the photosynthetic components
in the plants and it is (nearly) two times higher than that of the C3’s (Zhengbin et al. 2011).
Studies showed that the CO, concentration increasing would have dramatic effects/results on
the growth and development of various field crops (Romanova, 2005) in present, in future for
the WUE esp. in the pulse crops (legumes) (Cutforth et al. 2007)). Studies have showed that
the sensitivity of C3 photosynthesis to temperature declines as plants become limited by the
CO,, much like the patterns exhibited by the C, plants (Ward et al. 2009). Gas accelerates the
photosynthesis and its concentration is increasing, the productivity of Cs plants do not drop
(generally) in contrast increase by 36% (Uzmen, 2007), compared with 35-80% in the grain
legumes (Ziska et al. 2001). Similarly, according to satellite imaginaries there will be shift for
the harvest and threshing dates between five days and three weeks (Cutforth et al. 2007).

Results and Discussion

The future (elevated) CO, effect/s on various field crops will be/can be mentioned generally
as follow(s) (Anonymous, 2010): i) Due to level of the CO, extreme meteorological events
such as droughts, floods, hurricane, etc. will be/can be happen; ii) Because of them, crop
production or agricultural production etc. will be/can be affected negatively; iii) Quality and
quantity of the products, and its price will be/can be also negatively affected; iv) hungry,
diseases, water scarcely, forest fire(s), etc. will be/can be burst at different level; v)
phenological changes/lateness up to 4 or more weeks can be emerged in root ad tuber crops;
vi) morphological deformations/disorders will be/can be seen on esp. roots (e.g. sugar beet)
as discoloration and photosynthesis area losing; vii) With the interaction other meteorological,
andropogenic and ecological parameters all possible hazards will be/can be arisen.
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Table 1. Effect of elevated CO, to various field crops agronomical, botanical traits (Modified

and adapted from

Krupa, 1997; Peet and 1997; Dhakhawa and Campbell, 1998; Tubiello and Ewert, 2002).

Trait

Elevated CO,

Photosynthesis

Inhibition of photosynthesis
by source-sink imbalance
Leaf Area and conductance
Leaf photosynthetic rates

Leaf  Anatomical and
Biochemical Adaptation
Leaf Thickness

Canopy Leaf Area
Branching, Flowering and
Fruiting

Maturity

Flowering

Fruit and seed

Dry Matter Prod. & Yield

WUE

Species and Cultivars
Susceptibility

Susc. to Drought Stress

Increase in the C; up to 100%; less happens or not in the C,4
Response occurs in many species.

Decrease in the C; and the C4but the C,4 responds more

Increase in all plants on first exposure, the C3 respond
more than the C,, little responses above 1000 ppm, and
levels above 2000 ppm may be toxic.
Leaf area, weight per unit area, thickness, and number of

mesophyll cell layers in many species
Increase
Usually increases
Initiation and/or retention of these organs is increased in
many species
Increase happens early
There is a big difference in the C; and the C,4
Increases in number and/or size fruits and seeds
Doubled (almost) in the C; but it is unclear in the C,4
Increases 32% on average between 300 and 600 ppm for
plants in favorable conditions.

Increase in the C; and the C, more in the Cs
Different
Different
Different
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Figure 2. Schematic (biochemical) representation of the effects of elevated CO, on the various field crops’ at
biochemical level (Reddy et al. 2010).

High concentrations of CO, produces some morphological effects on growth such as
increasing in the rate of photosynthesis, and in branching of both woody and herbaceous
plants, greater stem elongation, in root/shoot (Peet and Krizek, 1997). For instances, it was
seen elevated increasing the tuber formation in potatoes (Solanum tuberosum L.), recorded
that stomatal conductivity trait is clearly reduce in corn (Zea mays L.) and bean (Vicia faba
L.), but not in sunflower (Helianthus annuus L.).
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field crops’ at the present & future CO, level (Adapted from Reddy et al. 2010).
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Conclusion

Elevated CO;’s, level of its increasing, present effects are getting sensed itself by various
signs by anybody and in the future, it will be very sharp according to level of the elevated
COs,. In terms of the elevated CO, effect to the various field crops’, due to belonging to the
Cs, C4 or CAM, responses will be different. But in any case, not only solely but also with
other climatic factors such as (mainly) temperature, precipitation, the WUE, etc.
morphologically, plant height (and yield (dry matter) components esp. such as number of
branches, leaf area, stomatal density, roots (fibrous) some differences are seen. Especially
these formations are very clear in industrial crops. Physiologically and biochemically changes
are majority linked with the microscopic structure of the leaf that called “stomata”. Esp.
stomatal density, environmental temperature and hormonal/enzyme equilibrium (For ABA,
Rubisco, etc.) is a very crucial. Additionally, molecular changes (gene expression) involved;
but, details are not known clearly as today.
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Abstract

Lemon verbena is an aromatic perennial shrub that is valued for its medicinal use as a
digestive aid, antimicrobial, antispasmodic, analgesic, diuretic herb and it is also used as a
treatment for cold, insomnia and anxiety. The first-year of a lemon verbena (Aloysia triphylla
L.) crop’s growth and productivity as affected by irrigation was investigated under field
conditions in central Greece. During the spring of 2015, winter cuttings of lemon verbena
were transplanted to an experimental field set up in Nea Aghialos, Magnesia, central Greece.
The experimental design was a completely randomized design with three nitrogen dressings
(0, 50, 100, kg N ha) in four replications. The growth and final productivity of the crop was
measured in three destructive samplings of the crop during the summer of 2015. The results
demonstrated that nitrogen fertilization played a significant role on lemon verbena
productivity and the final yield of the crop in the first year of crop establishment.

Keywords: lemon verbena, fertilization, growth, nitrogen, evapotranspiration.

Introduction
Lemon verbena, (syn.: Aloysia citriodora A. citrodora Palau, A. triphylla, Lippia citriodora L.
triphylla) is an evergreen perennial aromatic plant. It likes warm moist conditions with plenty
of sunlight. When exposed to frost, it becomes deciduous. belongs to the Verbenaceae
family. The genus Lippia (Verbenaceae) brings together about 200 species and lemon verbena
is native in Latin America as well as North Africa (Morocco), and was introduced to Europe
during the 17th century (Carnat et al., 1999; Botta, 1979; Rotman and Mulgura Romero,
1999). Lemon verbena is an aromatic perennial shrub that is valued for its medicinal use (as a
tea or tincture) as a digestive aid, antimicrobial, antispasmodic, analgesic, diuretic plant;
besides, it is used as a treatment for cold, insomnia and anxiety (Botta, 1979; Carnat et al.,
1999; Rotman and Mulgura Romero, 1999). Antioxidant and antibacterial qualities of Aloysia
citriodora have been found in its essential oil, tea and tincture (Bilia et al., 2008; Cowan,
1999; Pereira and Meireles, 2007; Ohno et al., 2003; Sartoratto et al., 2004). This aromatic
plant has a widespread market in the western world (Di Leo Lira, et al.,2013), its compounds
have widespread uses in foods, cosmetics and household products (Catalan and Lampasona,
2002; Santos-Gomes et al., 2005). The essential oil contained in the plant and its leaves are
used in the perfume industry and the production of flavored beverages and food preparations
(Pascual et al., 2001). In the United States, lemon verbena is listed in Generally Regarded As
Safe (GRAS) for human consumption in alcoholic beverages (Gomes et al 2006). Whereas
very low researches have been applied on enhancement of medicinal plants production,
presenting the appropriate planting methods is very important for increasing the quantity and
quality of medicinal plants (Farooqi and Sreeramulu, 2001). The purpose of trading
production of medicinal plants is obtaining further amount of biomass in area (Nematian at
al., 2014). In view of the commercial value of lemon verbena, and considering that plants can
display significant genetic biodiversity and variations due to differences in soil or climatic
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conditions of their habitat (Molina et al.,2003), it is very important that these factors are
studied and somehow controlled to ensure better yields.

The purpose of this study was to evaluate the effect of nitrogen fertilization on the growth
parameters of a lemon verbena crop.

Materials and methods
Crop establishment
The experiment was set up in the rural area of Nea Aghialos in Central Greece (39°16'02.3"N
22°47'47.5"E) on May 5, 2015. The soil of the experimental plots was a sandy loam one with
a pH of 6.8 and an organic carbon (C) of 1.5 g kg™*. Lemon verbena cuttings (40 days old)
were obtained from a local nursery. The soil was prepared and divided into plots; each of
them was 4,2 m x 2,4 m and contained three drip rows. The cuttings were transplanted on
May 5. Distance between plants and distance between rows were both 60 cm. Twelve plots
containing a total of 216 plants were arranged in a completely randomized design with
irrigation being the main factor and nitrogen fertilization the factor split into sub-plots. Each
experimental unit consisted of three rows of plants, 0.6 m apart, with the two outer rows
serving as buffers while plants were spaced at 60 cm apart.

Fertilization
Nitrogen dressings were manually applied in three levels: NO, N50 and N100 (0, 50 and 100
kg ha ~* respectively) in the form of a urea fertilizer on June 9 of 2015.

Irrigation

The amount of irrigation water was equal to 100% (562 mm) of the recorded evaporation
values of a class-A pan. Another 110mm of rain fell during the months of the experiment.
Irrigation water was applied by drip irrigation system and the irrigation interval was seven
days. Surface drip irrigation system consists of an irrigation pump connected to sand and
screen filter and a hydraulic fertilizer injection pump was used. The actual water discharge
rate was 8 L h™ along the drip lines. Weed control was carried out via application of a
polyethylene transpiring mulch as this material has demonstrated a 100% efficiency in weed
control among other tested mulches according to Hoeberechts et al (2004).

Harvesting and Drying

Harvests (destructive samplings) were carried on transplant — May 5, June 29, July 29 and
finally August 28. Two plants per plot were harvested and all aerial parts of the plants were
cut 10 cm above ground and the following growth parameters were determined: plant height,
fresh weight of leaves/plant and fresh weight of stem/plant. LAl was measured via destructive
methods using a calliper. The same parameters were determined after drying plant material in
dark storage rooms on specially designed shelves. This method of drying was chosen as it is
the method most commercial growers in Greece actually use. The results of the three final
harvests are demonstrated in this paper.

Statistical analysis

All recorded values of this experiment were statistically analyzed using analysis of variance
through the Genstat Program. Means were compared using revised L.S.D. test at 0.05 levels.
The first harvest was not subjected to analysis of variance because the date nitrogen
application was too close to the harvest.

Results and discussion
During the second harvest (29/07/2015) LAI, dry leaf yield (t ha™) and dry stem yield (t ha™)
were significantly affected by nitrogen fertilization level. LAI means were 0.85, 1.38 and 1.60
for treatments NO, N50 and N100 respectively. Dry stem yield means were 0.86, 0.98 and
2.27 t ha™ for treatments NO, N50 and N100 respectively while dry leaf yield means were
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0.76, 1.18 and 1.63 t ha™* for treatments NO, N50 and N100 respectively. During the third and
final harvest (28/08/2015) nitrogen fertilization significantly increased LAI and dry leaf yield
(Figure 1, 2). LAl means were 1.13, 1.47, 2.08 and dry leaf yields were 1.16, 1.34 and 1.80 t
ha™ for treatments NO, N50 and N100 respectively. Plant height remained unaffected by
nitrogen fertilization during the experiment. The LSD test showed that dry leaf yields of
treatment N100 differed greatly than the rest during the final harvest (Table 1).

Figure 1. LAI (leaf area index) means grouped by nitrogen level fertilization level during the
experiment.

1,03

NO NS0 N100 NO NS0 N100 NO N50 N100

29/6/2015 29/7/2015 28/8/2015

Figure 2. Dry leaf yield (t ha™) means grouped by nitrogen fertilization level during the
experiment.
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Table 1. Means of vegetative growth data of lemon verbena as affected by different nitrogen
fertilization regimes and nitrogen during the experimental season.

Harvest Nitrogen Plant height LAI Dry stem Dry leaf
date treatment (m) yield (t ha™) | yield (t ha™)
20/06/2015 NO 0,71 1,03 0,31 0,56
N50 0,68 1,23 0,29 0,59
N100 0,51 0,66 0,17 0,36
20/07/2015 NO 0.94a 0,852 0.86a 0,76a
N50 1,01a 1,38b 0,982 1,184
N100 1,044 1,60b 2.27b 1.63b
28/08/2015 NO 1.17a 1,13 1,444 1.16a
N50 1,06a 1,47b 1.83a 1,34b
N100 1,21a 2,08c 2,40a 1,80c

Means followed by different letters were significantly different according to revised L.S.D.
test at 0.05 level.

Conclusion

During the first year of the crop’s establishment nitrogen’s paramount effects were
demonstrated. Future experiments for consecutive growing seasons and in different soil types
are recommended in order to assess the prospects of lemon verbena cultivation in Greece and
the possible financial interest of the crop. As nitrogen pollution of underground water reserves
has been prominent in the past years in Greece, this crop shows potential as it can prove
lucrative with little nitrogen inputs when compared to other traditional crops of central
Greece. Finally, soil erosion continues to be a problem in Greece (Kosmas et al, 2001),
making perennial crops like lemon verbena a suitable candidate for the eradication of the
problem.
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Abstract

The study was carried out in the field of Crop Science Department at the Agricultural
University—Plovdiv, during the period 2013-2015. The experiment was set up following
blok method with four replications, and 20m? for each experimental plot. That is why the
purpose of our study was to determine the green biomass yield in the triticale varieties
Musala and Attila which are grown under different nitrogen fertilizer rates (No; Ni2o; Nieo;
N2oo; Naso). The varieties are harvested in heading stage and milk maturity stage and are
grown in the region of Central South Bulgaria. During the first year of our experiment, in the
two stages of the harvesting cultivar Musala and entered the coming later than the Atila.
During the second year of the study, in the two stages of the harvesting cultivar Atila and
entered the coming later than the cultivar Musala. During both years of the experiment,
average over the study period in the two stages of the harvesting higher green biomass yield
average for the two years was obtained at Attila variety in both harvesting stages. Depending
on the nitrogen fertilizer rates, in both harvesting phases and two cultivars highest yield was
obtained with nitrogen fertilization Nygo. The higher rate among organs that form the plants at
the coming to ear stage, followed by leaves and ears. At the milky ripeness stage, the share of
stems and ears increases while the share of leaves decreases compared to the coming to ear
stage. With increasing nitrogen fertilizer rate, the share of all studied indicators increases up
to fertilizer rate Ng and then drops at N2ao.

Keywords: triticale, variety, nitrogen fertilization, yield.

Introduction
In recent years, with the decline of livestock farming in Bulgaria the interest in growing
cereals for biomass is decreasing. Therefore, studies in this field are very limited.
The increasing shortage of fossil fuels on global scale leads to growing interest in green
biomass as a possible source of renewable energy. Biomass from various crops is more and
more used for the production of biogas. The use of renewable energy sources of vegetal origin
helps to protect the world biosphere, to solve issues relating to global air pollution, to
preserve the planet’s biodiversity threatened by anthropogenic factors, and to decrease the
dependence of individual countries on fuel import. In the practice, the most commonly used
crop is corn followed by some cereals, including triticale. Most studies, both at global and
national scale, show that triticale is a high-yield crop and exceeds the other cereals in terms of
biomass yield as well as in dry mass (Yoshihira et al., 2000; Oettler et al., 2001; Motzo et al.,
2001; Rosenberger et al., 2002; Deki¢ et al., 2013; Bassu et al., 2013). Todorov’s studies
(2009) have shown that biomass yield from triticale in Bulgaria exceeds by 20% to 30% that
of rye. When harvested during the coming to ear stage, it gives between 5 and 6 tonnes of raw
material, which is equal to 1000 to 1200 kg of dry mass.
Various methods to increase the quantity of biomass have been tested. Many authors have
tried growing triticale at various fertilization rates and harvesting at different stages for green
feed (Tosheva, 1994; Tonev, 1995; Jansone et al., 2011; Kirchev et al., 2013).
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Lately there have been very few studies in the area. Therefore, we set ourselves the objective
to establish which of the studied nitrogen fertilization rates and harvesting stages for the two
new tested varieties led to higher yield of green biomass.

Material and methods

The experiment was set in 2013/2014 and 2014/2015 at the experimental facility of the Plant-
growing department of the Agricultural University of Plovdiv, using the block method with
test plots of 20 m? each, in 4 repetitions. Two varieties of triticale were tested: Musala,
selected at the Institute for plant and genetic resources of Sadovo, and Attila, selected at the
Institute for wheat and sunflower of General Toshevo. The crops were sowed after rape
predecessor. The varieties have been grown at the following fertilization rates: No, N120, N16o
N2o0o and Nago/ha. Nitrogen fertilizers have been applied twice: once in the autumn during the
soil preparation for sowing, and once in the spring, for nutrition, at first occasion. Green
biomass yield was accounted for during the coming into ear and milky ripeness stages. Were
identified the stages of development of the two varieties and the following indicators: weight
of the whole plant (g), weight of the stem of one plant (g), weight of the leaves of one plant
(9), weight of the ears of one plant (g), and ratio of the organs — stems/leaves/ears of one plant
(%). Statistical data processing was carried out in fourfold repetition. The experimental results
were processed by one-way ANOVA, with the authenticity of differences was determined by
Student's t criterion at the following levels according to: ns - no evidence of a difference; Gd
=5,0%; Gd = 1,0%; Gd = 0,1%.

Results and discussion
Data characterizing the monthly average air temperature and the precipitations over the
periods 2013/2014 and 2014/2015 are shown in figures 1.
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Fig 1. Average monthly temperatures / t°C/ and rainfall / mm/ for the region of Central
South Bulgaria, from 2013/2014; 2014/2015 and multiannual period

They show that during the two years of the study significant deviations from the daily average
temperature for Central South Bulgaria compared to the multiannual period were not
observed. Relatively favourable daily average temperatures in the autumn and in the winter
create conditions for optimal development of plants, their good tempering and successful
overwintering. More important differences were observed in terms of precipitations during
the two years of the experiment. The precipitations during the 2014/2015 (655.8 mm)
significantly exceed both the precipitations during the former year (161.5 mm) and those of
the multiannual period (236.8 mm). To the difference of the former year, the precipitations
were evenly distributed over the whole period of vegetation. The total precipitation during the
first year of the experiment (494.3 mm) is less than that of the second year but more than the
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multiannual period. It should be noted that the distribution of precipitation was extremely
uneven, especially with the large quantity (123.0 mm) in April. During both years of the
experiment, the development stages in Central South Bulgaria occur at different times
depending on the weather conditions and the specific features of tested varieties (Table 1).

Table 1. Phenological observations

Years
Stages 2013 /2014 2014/ 2015
Variety

Musala Atila Musala Atila
Sowing 22.10. 22.10 16.10 16.10
Germination 31.10. 31.10 24.10 27.10
3" leaf stage 15.11. 15.11. 07.11 12.11.
Tillering 07.12. 07.12. 05.12 10.12.
Finish vegetation 14.12. 14.12 19.12 19.12.
Beginning vegetation 23.02. 23.02. 20.02. 20.02.
Stem elongation 23.03. 13.03. 25.03. 27.03.
Heading 25.04. 15.04. 27.04. 07.05.
Milk maturity stage 15.05. 29.04 11.05. 21.05.

Favourable weather conditions at the time of sowing during the two experimental years have
secured quick germination of seeds (8 to 9 days). During the first year of our experiment, no
genotypic differences between the tested varieties were observed up to the stage of stem
elongation. All development stages occur simultaneously in the two tested varieties.
Genotypic differences in the development of these two varieties were only observed at the
stem elongation stage when the weather factors such as temperature (6-7 °C) and precipitation
(57.4 mm) were closer to the requirements of the Attila variety, which has been selected in
Northern Bulgaria, i.e. in cooler and more humid climate. The increasing temperatures during
the second and third 10-day period of March (11.5 °C and 10.7 °C) along with twice lower
precipitations favour the development of the Musala variety and it enters the stem elongation
stage just 10 days after the Attila variety. The high precipitation levels during the period of
coming to ear and milky ripeness in Musala (157 mm) extended the period of coming to ear
and milky ripeness and the variety enters these stages 10 and 14 days (25.04 and 15.05) later
than the Attila (15.04 and 29.04 respectively).

During the second year of the study, higher daily average temperatures in November and
December compared to the multiannual period created unfavourable conditions for the
development of the Attila variety, which fell behind Musala by five days at the third leaf
stage. 28 days later both varieties entered the tillering stage at which they overwintered.
During both years of the study, by mid-December with continuous drop of temperatures the
crops suspended their vegetation.

Upon resuming vegetation (20.02.2015) the two varieties entered the stem elongation stage
almost simultaneously. As a result of higher temperatures and absence of moisture in April,
the Attila fell significantly behind in its development and entered the coming to ear stage 10
days later than the Musala. This trend remained unchanged over the following stage.

Biomass yield over the two years of the study, from the two varieties at different stages of
harvesting and varying nitrogen fertilizer rates is shown in Table 2.

The results from our experiment show that depending on weather conditions biomass yield
varies over the study years.

234



Table2. Yields green mass - kg/ha

Variants of
fertilization Variety Musala
kg/ha
Heading maturity stage Milk maturity stage

2014 2015 Average % 2014 2015 Average %
No 20420°  27580° 24000 100 35000 37300° 36150 100
N120 26720° 33010 29870 124 35760° 43780° 39770 110
N160 26880°  37710° 32300 135 38260°  44580° 41420 115
N2go 30200°  38150° 34180 138  38840° 46350° 42595 118
N24o 26800°  36330° 31570 132  38230° 42950° 40590 112

Variety Atila

No 29280d  24780e 27030 100 38110° 33680° 35895 100
N120 34340c  31850d 33100 122  41040% 40710° 40875 114
N160 37040b  35550b 36300 134  43420° 41600° 42510 118
N2oo 39150a  36760a 37970 140  46980° 45720*° 46350 129
N 240 36900b  35400c 36150 134  42220° 40990° 41605 116

*Values with the same letters do not differ significantly

During the first year of the experiment, biomass yield from the Attila exceeded that of the
Musala. The reason for that are the drastic differences in precipitations during the period of
coming to ear for the Musala. The high precipitation level of 121.5 mm during the period of
coming to ear of the Musala (25.04.2014) beat down the plants and resulted in lower yield.
The precipitation had no negative impact on the biomass yield of the Attila as it came to ear
(15.04.2014) earlier than the Musala.

During the second year of our experiment, as a result of the drought in April that covered the
coming to ear stage for the crops the biomass yield from the Attila was lower than that of the
Musala. In the Attila variety, the yield varied between 24780 kg/ha and 36760 kg/ha whereas
for the Musala it varied between 27580 kg/ha and 38150 kg/ha respectively.

During this stage, the lowest biomass yield was obtained from implementations without
fertilization. With increasing nitrogen fertilizers rates, both during the two years of study and
as average for the period the biomass yield increased. The highest yield was obtained at
nitrogen fertilizer rate of Ny and at higher rates the yields decreased. The results from all
implementations with fertilization and the control group have been mathematically proved.
The results from all implementations have been proved by the Nyoo implementation. At later
growth stages the yield significantly increased. When harvested at the stages of coming to ear
and milky ripeness during the first year of the experiment, the yield from the Attila variety
(38110 kg/ha and 46980 kg/ha respectively) exceeded the yield from the Musala variety
(35000 kg/ha and 38840 kg/ha respectively). As a result from higher temperatures and lower
humidity during the milky ripeness stage in the second year, the Musala outdid the Attila in
terms of productivity. The results from all implementations with fertilization and the control
group have been mathematically proved. The results from all implementations have been
proved by the Ny implementation. At the coming to ear stage, the Musala exceeds the
control by 24% in the N1y implementation and up to 38% in the Nyoo implementation while
for the Attila these values vary between 22% and 40%. At the stage of milky ripeness, the
Musala exceeds the control by between 10 and 18%, and the Attila by 14 to 29%.
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Diagram 2 shows that stems have the higher rate among organs that form the plants at
the coming to ear stage, followed by leaves and ears.

B stems leaves ears

21,3 21,8 22,4 22,9 20,2 20,1 20,8 21,3 22,7 20,6 30,7 30,9| 31,2 31,9 30,5 30,3 30,8 31,5 32,3 30,4
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43,6 44,3 44,9 48,2 46,8 42,7 44,0 44,7 47,2 452 46,6 47,1 48,3 50,1 48,9 46,9 47,7 49,1 50,7 49,8

| Musala Atila | Musala Atila |

| Medium headinng | Medium milk |

Fig2. Share of fresh biomass on triticale plant components, at
different varieties of fertilization and heading and milk maturity stages

The percentage of stems from the total weight of the plant is the highest at the coming to ear
stage. In average over the study period, the ratio of stems in the Musala variety (between
43.56% and 48.24%) exceeds that of the Attila variety (between 42.74% and 47.18%).

Leaves have a smaller share of the plant organs. The higher ratio of leaves in the Attila is due
to the lower ratio of stems. The percentage of ears from the whole plant is the lowest with an
average between 20.11% and 22.69% for the Attila and between 21.34% and 22.88% for the
Musala variety over the whole period. With increasing nitrogen fertilizer rate, the share of all
studied indicators increases up to fertilizer rate N2 and then drops at Nas. At the milky
ripeness stage, the share of stems and ears increases while the share of leaves decreases
compared to the coming to ear stage, which is due to fading and drying of the lower leaves.

In average over the period of the study, the ratio of stems for the Attila variety (between
46.88% and 50.68%) is a little bit higher than the ratio for the Musala variety (between
46.64% and 50.12%). The trend is inversed for leaves which have the lowest share during the
milky ripeness stage. At that stage, ears have a higher ratio than leaves. The percentage is
similar in both varieties with Musala slightly prevailing. In terms of fertilization rates, the
trend remains the same as during the coming to ear stage.

Conclusions

During the first year of our experiment, in the two stages of the harvesting cultivar Musala
and entered the coming later than the Atila. During the second year of the study, in the two
stages of the harvesting cultivar Atila and entered the coming later than the cultivar Musala.
During both years of the experiment, average over the study period in the two stages of the
harvesting higher green biomass yield average for the two years was obtained at Attila variety
in both harvesting stages. Depending on the nitrogen fertilizer rates, in both harvesting phases
and two cultivars highest yield was obtained with nitrogen fertilization Nago,

The higher rate among organs that form the plants at the coming to ear stage, followed by
leaves and ears. At the milky ripeness stage, the share of stems and ears increases while the
share of leaves decreases compared to the coming to ear stage. With increasing nitrogen
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fertilizer rate, the share of all studied indicators increases up to fertilizer rate Ny and then
drops at N24o.
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Abstract

Fig (Ficus carica L.) is a gynodiocius species which has male and female fruits on the
different trees. Smyrna type figs are needed to pollination for the enough fruit set. Therefore,
caprification (meaning the transfer of pollen grains from male trees to female trees by a
vector, Blastophaga psenes L.) are commonly used for the figs. The aim of the study was to
carry out and evaluate the effects of some applications on pollen germination of caprifig
genotypes (Ficus carica var. caprificus). For this purpose, we investigated effects of light and
dark conditions, pH of medium, sucrose, glucose and fructose levels and H3BOs;, Ca(NOs3),,
MgSQO,4, KNO3 concentrations in petri dishes on the temperature of 24°C for 24 h. Pollens
from caprifigs were collected from anthers cracking on the June 10-25 from eastern
Mediterranean region of Turkey. Germination rates of the caprifig genotypes were higher in
the dark conditions (44.41%) compare to light conditions (30.65%). pH of medium were
significantly affected on germination rates and optimal germination was obtained from pH 5.0
(56.39%). As a result, best condition for in vitro caprifig germination were in 1% agar+3%
sucrose +100 ppm H3BO3+300 ppm (CaNO3),+200 ppm MgSO,4+100 ppm KNOgstests in pH
5.0 and dark conditions.

Keywords: fig, caprifig, pollen, germination.

Introduction
Fig tree (Ficus carica L.) is a typical species of Mediterranean countries. The Ficus species
are gynodioecious and functionally dioecious. Trees producing only ovule bearing fruit are
functionally female whereas trees producing only pollen are functionally male. Figs are
typically pollinated by pollen-carrying wasps (Kjellberg et al., 1987).
The fig is an important fruit worldwide for dry and fresh consumption, and recently their
nutritive and pharmacological values have been investigated.A major benefit of the
Mediterranean diet is its high level of natural antioxidants derived from vegetables and fruits,
including figs. In addition to contributing antioxidant vitamins, figs have some of the highest
polyphenol levels in commonly available fruits. Traditional Mediterranean fruit and nut crops
include grapes, olives, figs, almonds, hazelnuts, pistachios, pomegranates, apricots, and citrus
(Caliskan and Polat, 2011; Caliskan, 2015).
The caprification is a common practice in all of fig grown regions and is known as an
important factor affecting the quality of fig fruits (Condit, 1947). The main characteristics for
the caprifigs (profichi crop) are as follows: Fruit size, amount of fruit number per shoot,
ripening period, amount of gall and male flowers, amount of pollen production, pollen
viability and germination ratios, include of the mammoni and mamme crops, and free from
disease and pests (Aksoy et al., 2001; Caliskan et al., 2016).
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In Turkey a large number of caprifigs can be found with a great diversity based on color,
shape and ripening periods. Fig cultivation on the coastal region of the Mediterranean in
Turkey has a long history and a promising future (Caliskan and Polat, 2012). The region is
very important for fresh fig cultivation after Bursa province in Turkey. In this region, a lot of
caprifig genotypes that are used for caprification are grown in natural population, but there are
not found enough information included plant, fruit and pollinizer traits (Caliskan et al., 2016).
Stanley and Linskens (1974) indicated that there is a linear relation between pollen viability
and germination capability in many fruit species. Some of the factors which influence pollen
germination in plants are carbohydrate (sugar), boron, calcium, enzymes, plant hormones,
magnesium, potassium, agar, pH and certain physical factors such as temperature and light.
The requirements are species specific (Johri and Vasil, 1961). However, effects of different
applications for pollen germination of caprifigs have not been investigated in detail.

The objective of this study was to determine effects of some applications on in vitro pollen
germination of caprifig genotypes.

Material and methods

In the study some caprifig cultivars (‘Ak Ilek’, ‘Armut Ilek’, ‘Elma ilek’, ‘Hamza’, ‘Kiiciik
Konkur’, and ‘Taslik’) and genotypes (Hatayl8, Hatay28, Hatay34, Hatay36, Hatay37,
Osmaniyell) was used for pollen germination tests. The cultivars were obtained from Fig
Research Institute, Aydin and the genotypes were selected from Hatay and Osmaniye
provinces, Eastern Mediterranean Region of Turkey. Pollens collection was done according to
the technique adopted by Storey (1975). Thirty profichis per genotype were harvested in full
maturity period (10-25 June) and transferred to the laboratory. Ripe caprifigs were taken to a
warm, dry place, split open longitudinally, and spread out to dry on aluminum foilat the
laboratory bench. After 2-3 days, fruits were dried and all of anthers have dehisced. The
pollens were taken in glass jars (100 ml). It was stored at +4°C in a refrigerator until use.

Table 1. Sucrose and nutrition levels used in vitro pollen germination of caprifig in 1%
agarose

Medium Nutrition MediumNutrition
I 3% sucrose VIl 5% sucrose +100 ppm H3BO3
I 5% sucrose IX 3% sucrose +100 ppm H3BOs
i 10% sucrose X 3% sucrose +300 ppm Ca(NOs),
v 15% sucrose Xl 3% sucrose +100 ppm KNO3
\Y/ 20% sucrose X1l 3% sucrose +200 ppm MgSO,4
3% sucrose +100 ppm H3BO3+300 ppm (CaNO3),+200
VI 25% sucrose X1l opm MgSO4+100 ppm KNOs
%5 sucrose +100 ppm H3BO3+300 ppm (CaNO3),+200
ppm MgSO,4+100 ppm KNO3

Vil 30% sucrose X1V

In vitro germination was assessed with the petri-agarose method (Eti, 1991). Pollen
germination was determined by placing a small drop of germinating media on a cover glass;
pollen grains were sown on the drops with a clean brush. Components were subtracted from
the medium or the levels modified as described in the Table 1 and 2.

In the pH tests, sucrose was dissolved first, then the other materials added, and the pH
measured using pH meter and adjusted to 4.0, or to other values described in the Table 2, with
dilute NaOH or HCI solution. The germination experiments, fresh pollen were evenly dusted
onto germination solutions and incubated at 25°C constant temperature for 24 h. A pollen
grain was considered to be germinated when the length of the pollen tube was equal to or

239



longer than the diameter of the grain. Germination was scored by a light microscope (Nikon
Eclipse E200, Japan) in four random fields of three petri dishes for each caprifig genotype.

Table 2. Some application levels used in vitro pollen germination tests

Application Level

Light Light and Dark

pH 4,45,5.0,55,6.0,6.5and 7.0
Sugar (Glucose, Fructose and Sucrose) 3% and 5%

H3BO3 100 ppm in 3% and 5% sucrose
Ca(NO3), 300 ppm in 3% sucrose

MgSQO, 200 ppm in 3% sucrose

KNO; 100 ppm in 3% sucrose

Germination percentage (%) was evaluated by dividing the number of germinated pollen
grains per field of view by the total number of pollen per field of view.

Data were analyzed using SAS software and procedures (SAS, 2005). Analysis of variance
(ANOVA) tables were constructed with Tukey’s Honestly Significant Difference (HSD)
method at p < 0.05.

Results and Discussion

1. The effects of light and dark conditions on pollen germination: The light is one of the
factors which influence pollen germination in plants and they the requirements are species
specific (Johri and Vasil, 1961). According to our results, germination of caprifig pollens
were significantly affected by the dark conditions (Figure 1). Pollen germination percentages
were highest in the dark condition (44.41%) compared to the light condition (30.65%).
Similarly, Hoyo et al. (2014) showed that light is not effective factor for the pollen
germination.
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Figure 1. Effects of light and dark conditions on pollen germination. Bars show standard
errors, the different letters show statistical significance on treatments.

2. The influence of different sugar compositions and levels on pollen germination: Two
levels of sucrose, glucose and fructose plus nutrition medium were designed to evaluate the
effect of sugars on pollen germination of caprifigs. Analysis of variance showed that there
were statistically significant differences for both sugar compositions and levels (Figure 2).
The highest pollen germination of caprifigs was detected in sucrose, followed by glucose and
fructose. Levels of 3% (24.57%) and 5% (22.17%) of sucrose was shown to be the best sugar
for pollen germination. Sucrose is generally considered to serve two functions in the medium,
that of an energy source and an osmotic. The externally supplied sucrose maintains the
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osmotic pressure and acts as a substrate for pollen metabolism (Hecker and McClintock,
1988). However, researchers showed that sucrose level can to be changed to fruit species
(llgin et al., 2007; Bayazit et al., 2011).
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Figure 2. Effects of different sugar compositions and levels on pollen germination. Bars show
standard errors, the different letters show statistical significance on treatments.

3. The effect of pH levels on pollen germination: pH has been reported to have a significant
effect on pollen germination (Boavida and McCormick, 2007). Using our standard nutrition
and agarose medium we varied the pH from 4.0 to 7.0. There was found that pollen
germination percentage was the highest values 56.39% at pH 5.0 whereas, the lowest values
of germination were 3.0% and 1.44% at pH 4.0 and 7.0 respectively (Figure 3).The results
obtained from the present study showed that the acidity of germination media is one of the
important factors related to pollen performance of caprifigs. Similarly, the pH of the
germination medium has been shown to affect pollen germination in apple (Munzuroglu et al.,
2003), banana (Soares et al., 2008) and pistachio (Acar et al., 2010).
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Figure 3. Effects of variation of pH on pollen germination. Bars show standard errors, the
different letters show statistical significance on treatments.
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4. Influence of some nutrition mediums on pollen germination: To determine the effect of
the composition of the growth medium on caprifig pollen germination, we devised a series of
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experiments of our medium including sucrose, boric acid (H3BOs3), calcium nitrate
[(CaNOs3);], and potassium nitrate (KNO3). Effects of the nutritious on in vitro pollen
germination of caprifigs summarized in Figure 4.The highest germination percentages were
found in 3 % sucrose +100 ppm H3;BO3+300 ppm (CaNO3),+200 ppm MgSO4+100 ppm
KNO3 (24.57% in X111 medium) and 5 % sucrose +100 ppm H3BO3+300 ppm (CaNO3),+200
ppm MgSO4+100 ppm KNOjz (22.17% in XIV medium)(Figure 5). This result was in
agreement with previous studies in caprifigs (Zeybekoglu et al., 1998). Increasing sucrose
concentrations up to 5% improved pollen germination percentages whereas, germinations not
detected with higher sucrose concentrations (20, 25 and 30%; V, VI and VII medium). This
results showed the negative effect of higher sucrose concentrations on pollen germination as
reported in caprifigs (Zeybekoglu et al., 1998; llgin et al., 2007). In addition, influence of
potassium nitrate was not observed on pollen germination (XI).
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Figure 4. Effects of some nutrition mediums on in vitro pollen germination in 1% agarose.
Bars show standard errors, the different letters show statistical significance on treatments.

Hatay37 Hatay37

Figure 5. Pollen germination in Elma Ilek cultivar and Hatay37 genotype XIII medium (A, C)
and X1V medium (B, D) (40x)
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Conclusion
The pollen quality is one of the desired parameter for the caprification. The germination tests
also can be used to evaluate the pollen quality. In this study, the darkness, sugars, pH, and
some nutritions on in vitro caprifig pollen germination were found to be highly significantly.
As a result, best condition for in vitro caprifig germination were in 3% sucrose +100 ppm
H3BO3+300 ppm (CaNO3),+200 ppm MgSO4+100 ppm KNOg3 tests in pH 5.0 and dark
conditions in 1% agar.
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Abstract

Regarding biodiversity the Black Sea region belongs to one of the richest regions of Turkey.
Totally 2239 species are present in the East Black Sea region, 514 of them are endemic and
the endemism ratio is ca. 23 %. More than half of the plants distributed at the East Black Sea
region are present in the Rize province. 70 % of the plants are of medicinal and aromatic
value. 4 Mentha species, 3 Origanum species, 3 Thymus species, 2 Salvia species, 2 Stachys
species and 1 Calamintha species were collected from 19 different localities in Rize during
2015. A field nursery was established using collected material. Traits like plant height,
number of branches, stem diameter, leaf area, dry drog weight, fresh drog weight, dry drog
yield, fresh drog yield, seed weight and essential oil yield were determined. Principal
Component Analysis was performed to assess the diversity regarding with the investigation
of characters. Based on obtained data large diversity could be determined. Collected materials
can be used as genetic resources for further investigations.

Keywords: Lamiaceae, medicinal and aromatic plants, characterization.

Introduction

Natural environment has been a sourceof medicinal agents for thousand of years, since
healing wih plants dates back probably to the evolution of mankind (Mathe, 2015). As well
known about 80 % of human in the World rely mainly on traditional medicines for their
primary health care, while medicinal plants continue to play an important role in the health
care systeme of the remaining 20 %. Partly based onther use in traditional medicine, an
impressive number of modern drugs have also been isolated from natural plant species.
Remarkably, even today there is no realdefiniion fro this special group of plants that has been
accompanying mankind through history. Medicinal and aromatic plants form a numerically
large group of economically important plants which provide basic raw materials for
medicines, perfumes, flavours and cosmetics. These plants and their products not only serve
as valuable source of income for small land holders farmers and entrepreneurs but also earn
valuable foreign exchange by way of export facilities.

Turkey is one of the countries with richest plant diversity in the Mediterranean (Davis 1965-
1986; Davis et al., 1988; Guner et al., 2001). A number of human races and tribes have settled
here during different periods bringing in different cultures and customs. As a result of this we
come across a great accumulation of knowledge of traditional medicine in the country. A
recent survey of traditional and folk medicine in Turkey has revealed that most of these plants
are still in use by the local inhabitants (Yesilada and Sezik, 2003).

Turkey is located in three biogeographical regions: Anatolian, Mediterranean, the Black Sea
region, and their transition zones. Its climatic and geographical features change within short
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intervals of space due to the country’s position — a bridge between two continents. Thanks to
its location, Turkey’s biological diversity can be compared to that of a small continent: the
country’s territory consists of forests, mountains, steppe, wetlands, coastal and marine
ecosystems and different forms and combinations of these systems. This extraordinary
ecosystem and habitat diversity has produced considerable species diversity (Kahraman et al.,
2011; Kahraman et al., 2012). Regarding biodiversity the Black Sea region belongs to one of
the richest regions of Turkey. Totally 2239 species are present in the East Black Sea region,
514 of them are endemic and the endemism ratio is ca. 23 %. More than half of the plants
distributed at the East Black Sea region are present in the Rize province. 70 % of the plants
are of medicinal and aromatic value.

4 Mentha species, 3 Origanum species, 3 Thymus species, 2 Salvia species, 2 Stachys species
and 1 Calamintha species were collected from 19 different localities in Rize during 2014.
Different traits were determined, but only the differences between these species based on their
essentail composition will be discussed.

Materials and methods
The research material was collected during 2015 in the Rize province (Turkey). The collected
species, the localities and the altitudes are given in Table 1.

Table 1: Collected species and thEir localities

Species Collected Altitude Species Collected Altitude
locality locality

Mentha aquatica Handiizi route 455 m | Thymus longicaulicus Anzer 1534 m
Ormanl 160 m Anzer 2106m

Mentha puligeum Hamidiye 33m Cimil 2145 m
Hamidiye 41 m Cimil 2154 m
Orta Mahalle 350 m | Thymus praecox subsp. | Cagirankaya 2038 m
Subasi 300 m | caucasicus Cagirankaya 2122 m
Sehitlik 500 m | Thymus praecox subsp. | Anzer 1534 m

Mentha x piperita Sehitlik 450 m | caucasicus var | Anzer 1750 m

Mentha longifolia | Anzer 1533 m | caucasicus Anzer 2106 m

subsp. longifolia Anzer 1800 m Polovit 2400 m
Anzer 2075 m | Thymus praecox subsp. | Cimil 2145 m
Anzer 2139 m | grosheimii var. | Cimil 2154 m
Amlakit 1901 m | grosheimii Cagirankaya 2122 m
Amlakit 1998 m Handiizii 1833 m
Anzer 2106 m | Thymus praecox subsp. | Basyayla 2558 m

grosheimii var.
medwedewii

Cimil 1819 m | Salvia glutinosa Cat 1295 m
Cimil 2145 m | Salvia verticillata | Anzer 1533 m
Camlihemsin 1838 m | subsp. verticillata Anzer 1533 m
Cat 1299 m Anzer 1800 m

Origanum vulgare | Cat 1209 m Anzer 1850 m

subs. hirtum

Origanum vulgare | Tkizdere 314 m Anzer 1850 m

subsp. viride Tkizdere 787 m Cimil 2099
Ikizdere 1533 m Cat 1321
Ugrak 496 m Cat 1412 m

Calamintha  nepata | Amlakit 1900 m

subsp. glandulosa

Stachys anuua subsp. | Anzer 1533 m

annua var. annua

Essential oil analysis:
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The essential oil composition of collected samples was done using an SHIMADZU GC/MS
device. An 30 m column and related detection programme was used.

Statistical analysis:

Principal component and Biplot analysis was used to distinguiSh the collected samples
regarding their essentail oil composition (Backhaus et al, 1989). Principal component and
Biplot analysis was performed using XLSTAT2016 Trial Version. The collected samples
were diversificated using all essential oil components, in Biplot only highly detected essential
oil components were used. The calculated first two Principal Components are corresponding
in % to the present variation regarding investigated trait.

Results and discussion
1. Mentha species: Fig.1 shows the distribution of investigated Mentha species based on
most detected essential oils.
As can be seen in Fig. 1 Mentha species collected from different localities and altitudes
showed different essential compositions. Specially in M. longifolia subsp. longifolia large
varation was detected. The same can be sayed for M. puligeum collected from different
localities and altitudes.

Menthalactone

Mentha longifolia subsp
longifola (Anzer 2075 m)
©

N

‘.Jcnlm‘b puiigeum

=2 . 1 Mantha longifolia subsp
™ Mentha longifolia subsp Ham\g‘ve Hm) ° !ong;folr'e (Anzer 2106 m)
" longifolia (Anzer 2139 m) ® :
§ 5 Mentha longifolia subsp
n Mentha longifolia subsp. Mentha puligeum ® jongifolia (Cimil 2145 m)
~N e " 00 ve 32
o longifolia (Amlakit 1998 m) 1Hmmd\_~g 33m) Mentha puligeum Carvone
9 P \ (Sehitlik Koy s Mentha x piperita
0 ® (Sehithk Koy 450 m)
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o Gha subsp Menifia aquatica ® \Mentha puligeum
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(Crmanki Koyu 160 m) v X
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PC1=6879%

longifolia (Amlakg 1901 m)

Fig. 1: Biplot analysis of Mentha species based on differentiating essential oils

The essentail oil menthone was detected specially in M. longifolia subsp. longifolia. Carvone,
myristic alcohol and menthalactone was useful in seperating the other collected samples.

1. Origanum species: Fig.2 shows the distribution of investigated Origanum species
based on most detected essential oils. Origanum vulgare subsp. viride samples collected from
different altitudes of Ikizdere and from Ugrak showed ifferent essential oil composition
compared with the other Origanum species. Specially Origanum vulgare subs. vulgare
collected from Cimil and Origanum vulgare subsp. hirtum collected from Cat showed
different essentail oil compositions. Origanum vulgare subsp. hirtum collected from Cat and
Origanum vulgare subsp. viride collected from Ikizdere at 1533 altitude could be
differentiated from other samples regarding Carvacrol.

Origanum vulgare subsp. viride collected from Ikizdere at 787 altitude and from Ugrak could
be seperated from other collected samples regarding the compounds Isoborneol and Myristic.
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Origanum vulgare subsp. vulgare collected from Cimil stand out regarding Tymol from the
other samples; Origanum vulgare subsp. viride collected from Ikizdere at 314m altitude
showed differences regarding Hmachalene alpha. The compund linaool was useful to separate
all investigated samples.

3
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Origanurm vulgars subsp "'
1 viride (kizdere 787 m) / =
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s / viride (lkizdere 1533 m)
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(&3
a \ s
M1 '\ @ Thymol
o \“
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- i
Linalool
Onganum vulgare subsp
viride (lkizdere 314 m)
-3
-4 -3 -2 -1 o 1 2 3 4
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Fig. 2: Biplot analysis of Origanum species based on differentiating essential oils
2. Thymus species: Fig. 3 shows the Biplot analysis of collected Thymus samples based

ontheir essential oil composition.
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Fig. 3: Biplot analysis of Mentha species based on differentiating essential oils

T. praecox subsp. grosheimii var. grosheimi samples collected from Cimil and Cagirankaya
showed similar essentail oil compositions. Only the same species collected from Handiizi
displayed similar composition with the species T. longicaulicus and T. praecox subsp.
caucasicus. Further, T. praecox subsp. grosheimii var. medwedewii showed similar essentail
oil composition with T. praecox subsp. caucasicus var. caucasicus samples collected from
Polovit and different altitudes of Anzer.

T. praecox subsp. grosheimii var. medwedewii collected from Bas Yayla, T. praecox subsp.
caucasicus var. caucasicus collected from Anzer and Polovit and T. longicaulicus collected
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from Cimil and Anzer 1534 showed differentiation from the other samples regarding the
essetial oil compounds Linalool, isoborneol and Carvacrol.

Carvone and linalyl acetate were helpful to seperate T. praecox subsp. grosheimii var.
grosheimii  collected from Cimil and Cagirankaya from the other species. T.
Longicaulicuscollected from Cimil, T. praecox subsp. caucasicus collected from Cagirankaya
and T. praecox subsp. grosheimii var. grosheimii collected from Handiizi were different from
the other samples regharding Thymol.

3. Salvia, Stachys and Calamintha species: Fig. 3 shows the Biplot analysis of
collected Salvia, Stachys and Calamintha samples based ontheir essential oil composition.
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4 verticillatatAnzer 1850 m)

Salvia glutinosa (Cat 1295m) ‘
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Fig. 4: Biplot analysis of Salvia, Stachys and Calamintha species based on differentiating essential oils

Salvia glutinosa, Calamintha nepeta subsp. glandulosa and Stachys annua subsp. annua var.
annua differed from the other species regarding their essential oil composition. Samples of
the species Salvia verticillata subsp. verticillata showed nearly similar essentail oil
compositions.

Calamintha nepeta subsp. glandulosa differed from theother samples ragarding neoden,
carvacrol and isovaleric acid. Further, Salvia glutinosa displayed different neodene
composition. Stachys annua subsp. annua var. annua on the other side could be diffentiated
based on germacrene D and linaool.

The presence, yield and composition of secondary metabolites in plants, viz. the volatile
components and those occurring in essential oils, can be affected in a number of ways, from
their formation in the plant to their final isolation (Figueiredo et al., 2008). Several of the
factors of influence have been studied, in particular for commercially important crops, to
optimize the cultivation conditions and time of harvest and to obtain higher yields of high-
quality essential oils that meet market requirements.

Knowledge of the factors that determine the chemical variability and yield for each species
are thus very important. These include: (a) physiological variations; (b) environmental
conditions; (c) geographic variations; (d) genetic factors and evolution; (e) political/social
conditions; and also (f) amount of plant material/space and manual labour needs. In our case it
could be stated that different species collected from different localities and altitudes showed
variation regarding their essential oil compostion due to environmental conditions, geographic
variations and genetic factors, which of course needs further investigation.
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Conclusion

Medicinal plants and their various products can be viewed as an important commodity items
for sustainable economic development of developing countries. There is globaly also need of
organised marketing and trade of medicinal plants and their various products. To meet the
internal and international demands, it has now become imperative to produce the quality raw
materials in significant quantities. This can only be achieved to promote the domestication
and cultivation of medicinal plants which have internal demand in large quantity and have
export and import potential. During this study, the essential oil composition of different
species of the Lamiaceae family were determined. Obtained data revealed that large variation
exists based on the chemical compounds of species collected from different locations and
altitudes. The investigated material will serve as genetic material for further breeding
purposes.
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Abstract

The purpose of this study was to assess the effectiveness of methanol and aquatic extracts
from Sisymbrium sophia against the plant pathogens, Fusarium oxysporum f. sp. radicis-
lycopersici (FORL) (Sacc.) W.C.Synder and H.N. Hans, Rhizoctonia solani J.G. Kiihn.,
Sclerotinia sclerotiorum (Lib.) de Bary, Verticillium dahliae Kleb., and Alternaria solani.
Various volumes of methanol and aquatic extracts were mixed with the sterile PDA in order
to obtain different concentrations. Antifungal activity assessments were performed under in
vitro conditions using 60 mm diameter petri dishes containing potato dextrose agar (PDA).
Plant pathogen mycelial discs of 5 mm diameter were inoculated onto Petri dishes containing
PDA medium (10 mL petri*).Then the mycelial growth inhibition (MGI) was calculated.
Additionally, the antifungal activity of plant extracts was evaluated statistically. Methanol 100
mg, 200 mg 400 mg/mL and 5%, 10% and 20% aquatic extracts of plant extract doses were
used respectively. Sisymbrium sophia methanol and aquatic extracts showed distinguished
antifungal activity. These results revealed that methanol and aquatic extracts of Sisymbrium
sophia could be of use for the future development of plant disease agents.

Keywords: Antifungal effect, plant extracts, Sisymbrium sophia, Plant pathogenic fungi

Introduction

Brassiaceae a major plant family with 390 genera and 3000 species, among which is
Sisymbrium sophia L., syn Descurainia sophia (Shahina, 1994). The plant is shows
distribution in the different regions of the world. Descurainia sophia high germination,
particularly in late autumn and premature spring(Peng et al., 1997; Li et al., 2005). It is
known as herb Sophia and tansy mustard. Propagated by seeds, it forms erect, furcate stem
between 10 and 72 cm tall. S. sophia is an annual weed prevalently scattered in cultivated
crops and forage throughout the world. Also, its special seed can be used for food, having
medicinal and industrial properties (Anonymous, 2016).

The purpose of this study, determine in vitro antifungal activity of the methanol and aquatic
extract obtained from Sisymbrium sophia L. to plant pathogenic fungi: Alternaria solani,
Verticililum dahliae, Rhizoctania solani, Fusarium oxysporum f. sp radicis-lycopersici and
Sclerotinia sclerotiorum.

Material and Method

Plant material
The above ground parts of Sisymbrium sophia were collected during 2015 and 2016 from the
Kirsehir, Turkey.

Plant Extracts

Methanol Extracts: 100 grams of plant materials was put into a 1 liter Erlenmeyer flask
containing 600 ml methanol. Mixture was left for 24 hours at room temperature and
subsequently in an orbital shaker at 120 rpm. Extract was filtered using filter paper. The
Rotary evaporator 40 °C was removed with the aid of solvents. The residual extract was used
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to prepare a stock solution with 1% DMSO identified. Several concentrations to be used in the
study (100, 200,400 mg /100 ml PDA) were prepared (Bayan and Aksit, 2016).

Aquatic Extracts: Dried plant materials were grinded and 20g of material was put in a glass
vessel containing 100ml of distilled water and shaken for 24 hours at 120 rpm in an orbital
shaker. Shaking mixture was then filtered through filter aid paper.Several concentrations to be
used in the study (5%, 10%, 20% ml/100 ml PDA) were prepared (Yilar and Kadioglu, 2016).

Fungal Culture: The plant pathogenic fungi used in this study were obtained from stock
cultures of Department of Plant Protection, Faculty of Agriculture, Phytopathology
laboratories at Ahi Evran University. Fungal cultures were plated in 90 mm Petri dishes
containing 20 ml of potato dextrose agar (PDA) and incubated for 7 days at 23+2 °C.

In- vitro antifungal activity of plant extracts
These assays were carried out to determine the effects of Sisymbrium sophia methanol and
aquatic extracts against A. solani, F. oxysporum f. sp radicis-lycopersici, S. sclerotiorum, R.
solani and V. dahliae. The obtained methanol and aquatic extracts were added to PDA at
400C to at final concentrations of 100, 200 and 400 mg/ml and 5, 10 and 20% for each
extracts respectively. The PDA was poured into 60-mm Petri plates (10 mL plate-1) and 5mm
mycelial disc were placed onto the medium and incubated for 7 days at 25°C. Fungal
development was recorded after 7 days. Inhibition in the development in fungal growth was
calculated using the following formula (Pandey, 2009). PDA amended with synthetic Thiram
80% (Hektas, Turkey) was used at the indicated concentration for the disease a positive
control. At the indicated concentration for the disease. All experiments were repeated twice
and each with 4 replications.

I=100x(DC -DT)/DC

I: Inhibition percentage compared to the control

DC: Mycelium development in the control

DT: Mycelium development in plant extract applications

Results and Discussion

In- vitro antifungal activity of plant extracts
The antifungal activity of plant extracts against mycelial growth of tested plant pathogenic
fungi are presented in Figures 1 and 2).
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Figure 1-2. The effect of Sisymbrium sophia L methanol and aquatic extract on the mycelial
growth inhibition of A. solani (A.s.), F. oxysporum f. sp radicis- lycopersici (FOL), S.
Sclerotiorum (S.s.), R. solani (R.s.) and V. dahlhiae (V.d.), Figure 2. 1-5 (5%, 10%, 20%,
Negative control (N.C), Positive control (P.C))

252



In operating results; methanol and water extract: not fungi mycelium is blocking the
development of 100%. However, compared to control, MGl is increasing as the concentration
increases. The highest antifungal effect was observed in S. sophia methanol extracts in
concentration of 400 mg mL™ against A. solani, S. sclerotiorum,V. dahliae R. solani and F.
oxysporum f sp radicis- lycopersici, which had MGIs of 72.22, 63.08, 61.18, 54.13 and
54.13%, respectively. Similarly, the highest antifungal effect was observed in Sisymbrium
sophia L 20%aquatic extracts against Verticilum dahliae, Rhizoctania solani, Alternaria
solani, Fusarium oxysporum f. sp radicis- lycopersici, and Sclerotinia sclerotiorum having
MGI 73.12, 72.67, 71.08, 62.40 and 48.87%, respectively. Species within family Brassicaceae
are reported to have anti-microbial activity has been identified (Panghal et al., 2011). The
aqueous extract reported of Sysymbriom irio showed antibacterial activity (Khan et al., 2011).
Sisymbrium sophia L antipyretic, anti-inflammatory and analgesic activity plant extract has
been determined (Mohamed and Mahrous, 2009). The effects of water extracts of different
Sisymbrium sophia L parts obtained such as root, stem and leaves. The germination of wheat
seeds have identified a preventive effect.

Conclusions
As a result, the plant methanol and aquatic extracts used in study were determined to have
different level of antifungal effect. Antifungal activities opposite all test organisms have
reduced mycelium growth at the grade of visible in a dose dependent way. Promising results
were acquired from the use of plant extract plant pathogenic fungi controls.
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Abstract

This study was conducted on five genotypes from the Fruit Research Institute (FRI), Cadak
(Republic of Serbia) Apple Collection — ‘Bosnjanka Sejanac’, ‘Jevtovi¢ Milutin’, ‘Jusuf
Becovi¢’, ‘Tip 3’ and ‘Valjnika’ — in order to determine the main biological properties.
Flowering phenophase (onset, full and end of flowering), harvest maturity, pomological
properties (morphometric and chemical) and disease susceptibility to scab [Venturia
inaequalis (Cooke) Wint.], mildew [Podosphaera leucotricha (Ell. & Ev.)] and fireblight
[Erwinia amylovora (Burnill)] were studied using Apple Descriptors, and standard
morphometric and chemical methods. Regarding full flowering, the genotypes were classified
from very early (‘Jusuf Becovi¢’) to late (‘Tip 3° and ‘Valjnika’). From the aspect of the fruit
ripening time, all genotypes belong to the group of winter apples (from late September/early
October to mid October). The average fruit weight ranged from 86.01 g (‘Valjnika’) to 135.21
g (‘Tip 3’). The highest average fruit height and width were determined in ‘Tip 3’ and ‘Jusuf
Becovi¢’ (58.51 mm and 68.12 mm, resp.), while the lowest was in ‘Jusuf Becovi¢’ and
‘Valjnika’ (50.77 mm and 56.67 mm, resp.). Regarding fruit quality among the assessed
genotypes, the highest soluble solids content and total sugars were found in ‘Jusuf Becovi¢’
(15.10% and 12.83%, resp.). The highest content of total acids was found in ‘Tip 3 (0.64%),
accompanied with the lowest pH value (3.15%). ‘Valjnika’ showed low field susceptibility to
scab and powdery mildew. All of the studied genotypes showed field resistance to fireblight,
except for the ‘Jevtovi¢ Milutin’.

Keywords: Malus x domestica, autoshthonous genotype, biological properties, resistance

Introduction

Apple (Malus x domestica Borkh.) is one of the most important fruit crops of temperate
regions in the world with the cultivation history dating as early as 1000 BC (Zohary and
Hopf, 2000). Apple germplasm is genetically and phenotypically diverse, due to the fact that
multiple Malus species contributed to the cultivated apple and possession of self-
incompatibility system leading to obligatory outcrossing. Brown (2012) stated that diversity
within cultivated apple is a great benefit to breeders, as well as that older genotypes are used
extensively to breed new, superior cultivars.

FRI, Cacak has a long tradition of collection, characterization, evaluation and utilization of
indigenous apple genotypes, which can potentially provide useful genetic variability,
especially for resistance and fruit quality traits (Mari¢ et al., 2013). It is obvious that some of
autochthonous apple genotypes carry useful genes which, if not preserved, will no longer be
available. In recent years, there have been considerable advances in evaluation of
autochthonous apple material at FRI, Cagak through the application of a uniform approach
(Apple Descriptors) and the analysis of ACS1 and ACO1 genes encoding the enzymes that
catalyse the two final reaction steps in the ethylene biosynthetic pathway (Mari¢ et al., 2005),
as well as ETR1 gene encoding the ethylene receptor (Mari¢ et al., 2007, 2015).
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This work studied phenological and pomological properties, and field resistance to major
causal agents of economically important diseases in five indigenous genotypes from the ex-
situ Apple Collection of the FRI, Cacak.

Material and Methods
Five autochthonous genotypes (‘Bosnjanka Sejanac’, ‘Jevtovi¢ Milutin’, ‘Jusuf Becovi¢’, ‘Tip
3’ and “Valjnika’) from the Apple Fruit Collection of FRI, Zdravljak, near Cagak (Republic of
Serbia) were analysed over a two-year period. The collection was established in 1986, at a
spacing of 4 x 1.5 m. The apple genotypes were grafted on ‘M26’ rootstocks and planted three
trees each.
The tree habit and fruit properties of the assessed genotypes were characterized using the
Apple Descriptors of the International Board for Plant Genetic Resources (IBPGR, 1982).
The flowering phenophase was assessed by monitoring the onset, full and end of flowering
(10% open flowers, 80% open flowers and 90% worn flowers, respectively) according to
Wertheim (1996). The samples of 20 fruits in three replications per genotype were harvested
randomly at the stage of physiological ripeness.
The fruit morphometric properties (fruit weight, height and width) were determined using the
standard methods, whereas fruit shape index (height-to-width ratio) was calculated. The fruit
chemical composition was assessed on the basis of the following parameters: soluble solids
content — using the portable refractometer; total and invert sugars content — according to the Luff-
Schoorl method (Egan et al., 1981); sucrose content — calculated as the difference between the
total and invert sugars, multiplied by coefficient of 0.95; total acids content — expressed in malic
acid (titration of 0.1 N NaOH with the presence of phenolphthalein as indicator); pH value of the
fruit juice — using the CyberScan 510 pH meter.
The field susceptibility to causal agents of scab [Venturia inaequalis (Cooke) Wint.], powdery
mildew [Podosphaera leucotricha (Ell. & Ev.)] and fireblight [Erwinia amylovora (Burnill)]
was evaluated in accordance with the Apple Descriptors (IBPGR, 1982), on the scale from 1
to 9 (where 3 is low, 5 is medium and 7 is high susceptibility); the scale corresponds to the
Van der Zwet scale and the portion of the tree blighted.
Fruit morphometric parameters were statistically analysed using the two-factor analysis of
variance (ANOVA). The significance of differences among mean values was determined by
Fisher’s LSD multiple range tests at P<0.05. Statistical analyses were performed using
‘Statistica 10 software package (StatSoft, Tulsa, OK).

Results and Discussion
Based on Apple Descriptors (IBPGR), the assessed genotypes were characterised by the
following biological properties:
‘Bosnjanka Sejanac’. The tree is moderately vigorous, with spreading branches and
intermediate to late blooming. It ripens in late September — early October. The fruit is small,
flat-globose, of green ground colour and no overcolour. The flesh is of intermediate to good
texture, pale greenish white, sweet to slightly acidic.
‘Jevtovi¢ Milutin’. The tree is vigorous, with upright branches and intermediate to late
blooming. It ripens in the first half of October. The fruit is small, globose-conical, of green-
yellow ground colour with mottled dark red overcolour. The flesh is of a coarse texture, pale
creamy white, sweet in taste.
‘Jusuf Becovi¢’. The tree is moderately vigorous, with upright branches and very early
blooming. It ripens in the second decade of October. The fruit is small to medium, flat, of a
green-yellow ground colour and streaked with red blush. The flesh is of an intermediate
texture, pale creamy white, slightly sweet in taste.
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‘Tip 3. The tree is vigorous, with upright branches and late blooming. It ripens in the first half
of October. The fruit is small, globose-conical, of green-yellow ground colour with mottled
dark red overcolour. The flesh is of a coarse texture, pale creamy white, sweet in taste.
‘Valjnika’. The tree is moderately vigorous, with upright branches and late blooming. It ripens
in late September—early October. The fruit is small, globose-conical, of green ground colour
and no overcolour. The flesh is of a coarse texture, whitish, slightly sweet in taste.

Blooming season of the assessed apple genotypes based on preliminary results over a two-year
period is shown in Figure 1. The earliest average onset of blooming was recorded in ‘Jusuf
Becovié® (April 25™), while April 26™ noted for the other apple genotypes. There was an
approximately 7—day difference in full flowering between the earliest and latest genotypes.
Among the studied local apple cultivars from southern Serbia, Mratini¢ and Fotiri¢ AKkSi¢
(2011) reported a 16—day difference in full bloom. Regarding full flowering, the genotypes were
classified into three groups, from very early — ‘Jusuf Becovi¢’ to late — “Tip 3’ and ‘Valjnika’.
Blazek et al. (2015) pointed out that late blooming apple genotypes should be favoured
because of their capacity to avoid a risk of crop loss due to late spring frosts. Nevertheless, the
late flowering of apple genotypes is in connection with reducing the risk of fire blight spread
(Aldwinkle et al., 1976).

*Valjnika® — I — |
‘Tip 3’ — ==
*Jusul Befovi¢® — pE=——— s ]
*Jevtovi€ Milutin® — [
Flowering onset — full bloom
‘BoSnjanka Sejanac’ =} ==
N Full bloom — end of flowering
rrrrrrrrrrr1rrrr1T 1T rrrr 117 17T T 17T T 1T T T
» a5 Py 29 S 2 28 B\ A A e N
o at R a® KX A oy o o A o o

Figure 1. Flowering phenophase' of the assessed apple genotypes.

Regarding the ripening time, the genotypes were classified into late (‘Bosnjanka Sejanac’ and
‘Valjnika’) and very late apples (‘Jevtovi¢ Milutin’, ‘Jusuf Becovi¢” and ‘Tip 3’). Apple is a
climacteric fruit and its ripening is physiologically related to internal levels of ethylene. Based
on studies of genes involved in ethylene biosynthesis and perception, Mari¢ et al. (2005, 2007,
2015) reported the ACS1, ACO1 and ETR1 genotypes in some Serbian autochthonous apple
genotypes and pointed out that the allele d of ETR1 gene was identified only in the indigenous
genotypes, i.e. “Tip 3°, but not in commercially grown apple cultivars.

Based on the fruit size, the genotypes were classified as small and small to medium, whereas
the average fruit weight ranged from 86.01 g (‘Valjnika’) to 135.21 g (‘Tip 3’). Variability in
average fruit weight in autochthonous apple cultivars, as one of the most important properties,
was confirmed by Gasi et al. (2011), Mratini¢ and Fotiri¢ Aksi¢ (2011) and Pirlak et al. (2003),
who reported that the fruit weight varied from 97.90 g to 276.18 g, 70.0 g to 193.3 gand 49.5g
to 152.2 g, respectively. The statistical significance of the impact made by the variability factors
interaction points to the fact that the expression of the genotype-specific properties related to the
fruit weight, height, width and shape was modified by uneven influence of agro-ecological
conditions prevailing in corresponding years (Table 1). Since apple is self-incompatible fruit
crop, certain impact made by pollenizers (metaxenia effect) on the fruit morphometric
properties is presumed (Kumar et al., 2005; Luki¢ and Mari¢, 2014), which could have also
contributed to a total effect of manifestation of the variability factors interaction.
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Table 1. Morphometrical properties of the assessed autochthonous apple genotypes.

FACTOR Fruit weight Fruit height Fruit width Height/_width
(9) (mm) (mm) ratio

‘Bosnjanka Sejanac’ 99.42 + 14.86 ¢’ 51.67+1.84c 61.57+3.59 a 0.84+0.02d

CULTIVAR ‘Jevtovic¢ Mil}ltin’ 103.48 + 15.04 bc 5453 +2.62b 62.44+3.48¢c 0.87+0.01c

A) ‘Jusuf Becovi¢’ 113.78 £ 6.56 b 50.77+£0.96 ¢ 68.12+1.49a 0.75+0.00 ¢

‘Tip 3° 135.21 £22.08 a 58.51+4.10a 64.68+50Db 091+0.01b

‘Valjnika’ 86.01+14.35d 55.22+284h 56.67 £3.23d 0.98+0.01a

YEAR | 75.71+4.34b 48.73+0.34b 5529+ 1.38Db 0.89+0.02a

(B) 1 139.45+6.61 a 59.55+140a 70.10+1.11a 0.85+0.02b

‘Bosnjanka | 66.27+1.95¢ 47.58+0.57¢ 53.55+0.40d 0.89+0.01d

Sejanac’ 1 132.57+0.91b 55.75+0.20 ¢ 69.58+0.29 b 0.80+0.00 f

‘Jevtovié | 6992+ 146¢ 48.67+0.19 ¢ 54.67+0.03d 0.89+0.00d

Milutin’ 1 137.04 +£1.56 b 60.39+0.18 Db 70.21+0.21b 0.86+0.00 e

AxB ‘Jusuf | 99.64+3.31d 48.82+0.74 ¢ 64.91+0.95¢c 0.75+0.00¢g

Becovié’ 1 127.92 £ 2.07 bc 52.73+0.52d 71.32+0.05b 0.74+0.01¢g

“Tip 3 | 87.01 £5.43d 4949+ 1.48e 53.59+0.95d 0.92+0.02¢c

1 183.41+£9.28 a 67.54+0.73a 75.77+1.07 a 0.89+0.00d

“Valjnika’ I 55.69+1.11e 49.11+0.17e 49.72+0.25¢ 0.99+0.01a

1 116.33 +£10.47 c 61.34+1.74Db 63.63+194c 0.96+0.01b

ANOVA

A *2 * * *
B * * * *
A X B * * * *

IMean values followed by the different lower-case letters in column represent significant differences.
*|ndicates statistical significance at P < 0.05, according to LSD test.

The fruit chemical composition of the assessed autochthonous apple genotypes is shown in
Table 2. The highest soluble solids content and total sugars were found in ‘Jusuf Becovi¢’
(15.10% and 12.83%, respectively), whereas inverted sugars and sucrose content ranged from
7.95% (‘Bosnjanka Sejanac’) to 9.52% (‘Jevtovi¢ Milutin’) and 2.65% (‘Tip 3’) to 3.75%
(‘Bosnjanka Sejanac’), respectively. The fruit of the ‘Tip 3 genotype is characterised by the
highest content of total acids (0.64%), accompanied with the lowest pH value (3.15%). Apple
taste is mostly related to the balance between sugars and acids. According to Goodenough and
Atkin (1981), the high quality dessert apples are in medium acid category (pH 3.2-3.5) and
have a relatively high sugar content (14-16%), whereas the best cooking apples have high
acidity (pH 2.8-3.2) and moderate sugar content (11-13%). Since the cultivars with
sugar/acid ratio lower than 20 are suitable for processing, genotype ‘Tip 3’ can be
recommended for this purpose, whilst ‘BosSnjanka Sejanac’, ‘Jevtovi¢ Milutin’, ‘Jusuf
Becovi¢’ and ‘Valjnika’ are suitable for fresh consumption. Slightly higher values of soluble
solids content (12.55-19.24%) of some autochthonous apple cultivars collected in southern
part of the Republic of Serbia were stated by Mratini¢ and Fotiri¢ Aksi¢ (2011).

Table 2. Fruit chemical composition of the assessed autochthonous apple genotypes (average
for a two-year period).

Soluble Sugar content (%) Total
. . pH
Genotype solids Total Inverted  Sucrose acids value
(%) (%)
‘Bosnjanka Sejanac’ 13.98 11.89 7.95 3.75 0.49 3.28
‘Jevtovi¢ Milutin’ 15.05 12.45 9.52 2.78 0.26 3.71
‘Jusuf Becovi¢’ 15.10 12.83 9.45 3.68 0.47 3.16
‘Tip 3’ 14.05 11.33 8.54 2.65 0.64 3.15
‘Valjnika’ 14.50 11.83 8.09 3.63 0.13 4.43

258



The assessed apple genotypes showed a wide range of field susceptibility to scab, powdery
mildew and fireblight (Figure 2). With regard to scab susceptibility, the genotypes can be
classified into three groups, from 4-6% (2 on the scale) to 76—-88% (7 on the scale).
‘Valjnika’ showed low field susceptibility to Venturia inaequalis (Cooke) Wint. (2 on the
scale). Medium and high scab susceptibility was observed in one (6 on the scale) and three
genotypes (7 on the scale), respectively. Regarding susceptibility to powdery mildew, the
genotypes were divided into two groups, from 4—6% (2 on the scale) to 7-12% (3 on the
scale). All of the studied genotypes showed low mildew susceptibility (ranging from 2 to 3 on
the scale). The best performance in terms of field resistance to Podosphaera leucotricha (EIl.
& Ev.) was observed in ‘Jusuf Becovi¢’ and ‘Valjnika’ (rated 2 on the scale). Field resistance
to fireblight (rated 1 on the scale) was observed in all of the assessed apple genotypes, except
for ‘Jevtovi¢ Milutin’. This genotype showed medium susceptibility (rated 4 on the scale) to
Erwinia amylovora (Burnill).
; & \\‘\ N &2 \\ 7 Venturia ingequalis (Cooke) Wint.

® Podosphaera leucotricha(Ell. & Ev.)
B Erwinia amylovora (Bumilly

D o N N o\ >
‘BoSnjanka Sejanac’ ‘Jevtovic Milutin® ‘Jusuf Becovi¢* “Tip 3* ‘Valjnika®
Figure 2. Susceptibility of autochthonous genotypes to causal agents of economically
important apple diseases under field conditions.

Conclusions
The assessed autochthonous apple genotypes in this study with useful traits have substantial
potential to be used as parents in future apple breeding programmes. Further studies should
aim to continue research in the field of collection, evaluation using standard and novel
molecular methods, as well as utilization of autochthonous apple genotypes for different
purposes.
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Abstract

Soybean is one of the most important legumes. Due to the extremely favourable chemical
composition of the grain, surfaces under soybean in the world and in Republic of Serbia are
showing a tendency to increase. Soybean is cultivated for the production of grain or green
fodder, whole plant silage, in regular or second cropping. When cultivated for green fodder
and silage, it is grown alone or in a mixture with maize, sorghum, and other crops. As green
fodder it retains high quality proteins, vitamins and is useful in feeding livestock. In this
study, two soybean varieties with different vegetation were examined in order to determine
which one has higher biomass yields when grown as a second crop in agro-ecological
conditions of Serbia intended for conservation by ensiling. Based on research results, it is
evident that the variety had a statistically significant effect on plant height and dry matter
yield. Average dry biomass yield was 5307.17 kg ha™. Higher dry biomass yield (6630.57 kg
ha™), plant height (64.92 cm), the height of the first pod (7.76 cm) and weight of the plants
(130.00 cm) was recorded in the variety with a longer vegetation (Valjevka) while the variety
with short vegetation (NS Kaca) had higher percentage of dry matter. The differences
obtained were significant, and indicate the possibility of achieving higher plants and higher
yields of dry biomass by planting varieties with longer vegetation period as second crop.

Key words: soybean, second crop, morphological characteristics, biomass yield

Introduction

Soybean contains is widely used in the diet of humans and domestic farm animals, and in
many industries. Soybean is one of the most important legumes that are used in the production
of more than 20,000 products for human consumption, in nutrition of domestic farm animals
and it is also used for industrial processing. Soybean has huge agro-technical character.
Thanks to the symbiosis of soybean with a specific nitrogen-fixing bacteria, Bradyrhizobium
japonicum, living on its root, it satisfies up to 70% of its nitrogen requirements, and also
enriches the soil by this ingredient. Therefore, the soybean is highly valued as the preceding
crop in the rotation for many other crops, especially cereals (Popovi¢ (2010, 2015), Popovi¢ et
al. (2013) and therefore plays an important role in the system of climate smart agriculture.

As green fodder it contains high quality proteins, vitamins (A, B1, B2, C, D, E, K) and is
useful in feeding livestock (Gagro and Herceg, 2005). All this makes soybean extremely
valuable in nutrition of domestic farm animals, especially in combination with silage maize,
which has low content of proteins of low biological value. Soybean is cultivated for the
production of grain or green fodder, whole plant silage, as regular or second crop. For green
fodder or silage it is grown alone or in a mixture with maize, sorghum, and other crops.

Terzi¢ et al. (2001), state that the soybean grown in the system of intercropping with maize and
cultivated as a second crop achieved by 16% higher yield (LER = 1.16) than when maize and
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soybean crops are grown separately. Terzi¢ et al., (2014) state that a mixture of maize and
soybean formed more MJha™ compared to the mixture of soybean grown with sorghum.
Livestock consume readily soybean as fodder, particularly late maturation varieties/cultivars,
leafy and with large habitus. Soybean in the green state has favourable impact on smell and
taste of milk (Gagro 1997, Glamoclija et al. 2015, Zivanovic & Popovic, 2016).

Dini¢ et al. (1999) state that when biomass soybean silage is mixed with maize the ensiling of
soybean is successful and that the share of soybean should not exceed 50%.

Market has a wide range of high yielding varieties that can be adapted to the purpose of
cultivation. In the main sowing/planting, the varieties of longer vegetation (Il, 1 and 0) are
commonly used in regular cropping, and early varieties (00 and 000) in second cropping.

In the model of the second crop, varieties of shorter vegetation period are recommended so that
they could mature before the end of the season. However, for ensiling, soybean before grains
maturation is used and it should be further inquired which soybean varieties are better adapted
to such a system of cultivation.

In this study, two soybean varieties were examined in order to determine which one has higher
yields when grown as a second crop in agro-ecological conditions of Republic of Serbia and is
intended for conservation by ensiling.

Material and methods

The studies were conducted in 2015, on the production areas of the Correctional facility for
youth in KruSevac. Two varieties were planted: NS Kaca (000 MG) and Valjevka (0 MQG).
Varieties, NS Kaca and Valjevka, were created at the Institute of Field and Vegetable Crops in
Novi Sad. For NS Kaca, the duration of the growing/vegetation period is about 105 days and for
Valjevka 120 days. Varieties have coarse grain, with an average weight of 1000 grains of 180-
200 g (Popovic¢ et al., 2016). The experiment was set up as a single factorial design—the varieties
were the factor. The studies were conducted by a block system in five repetitions. Soybean was
planted/sowed at a distance of 70 cm. The amount of 30 kg N, 30 kg P,Os and 30 kg K,O per
hectare were incorporated into soil. The crop is grown under irrigation. The following
parameters were observed in the research: plant height-stem-cm, height of first pod-cm, the
weight of above ground parts of the plant-g, dry biomass yield-kg/ha, participation of leaves,
stems and pods, %. The obtained results were analysed by descriptive statistics and analysis of
variance using the statistical package Statistica for Windows 12. The most important
characteristics are presented in tables and graphs.

Results and Discussion

Meteorological conditions during the trial

The required amount of water necessary during the soybean vegetation period ranges around
450 mm, and is especially important in the summer, June-August, when there were optimal
amounts of rainfall (Popovi¢, 2010). The vegetation period of 2015 (April-September) on the
territory of Serbia was warmer with less precipitation compared to the multiannual average
(Graph 1). Summer 2015 (June-August) was characterized by warmer weather than usual with
much less rainfall in relation to multiannual average. In addition to the unfavourable guantity,
also the distribution of rainfall during the summer was unfavourable.
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Graph 1. Temperature and precipitation in 2015, KruSevac, Serbia

Morpho-productive traits of soybean for silage

Variety showed statistically significant effect on plant height and dry biomass yield.

Table 1. The effect of the variety on morpho-productive characteristics of biomass soybean

Effect
Genotype | No. replication | Mean | Std.Dev | Std.Err | -9500% | +95,00%
Plant height, cm*

NS Kaca 5 44.52 7.661 3.426 56.686 75.713
Valjevka* 5 64.92 6.107 2.731 37.016 52.183
Height of the first pod, cm

NS Kaca 20 7.60 1.782 0.796 5.387 9.812
Valjevka 20 7.76 1.479 0.662 5.923 9.597
Plant weight, g
NS Kaca 5 116.40 29.262 13.087 80.066 152.734
Valjevka 5 130.00 33.369 14.923 88.566 171.433
% Dry matter percentage*

NS Kaca* 10 30.16 1.643 0.734 28.120 32.199
Valjevka 10 27.12 0.884 0.394 26.022 28.218
Share leaf, %

NS Kaca 10 16.60 1.140 0.509 15.184 18.016
Valjevka 10 15.80 0.804 0.374 14.461 16.838
Share stem *

NS Kaca 10 15.10 0.089 0.090 13.989 16.210
Valjevka* 10 20.01 0.158 0.070 18.067 21.963
Share pod
NS Kaca 5 69.40 7.536 3.370 60.042 78.757
Valjevka 5 64.60 9.266 4.142 53.098 76.101
Dry matter of yield, kg ha™~
NS Kaca 5 3,983.76 597.15 267.05 3242.2 4725.98
Valjevka* 5 6,630.57 536.32 239.85 5964.64 7296.51
LSD Pl_ant Hei'ght of the Plgnt Share | Share | Share Dry matter maltDttra)r/ of

height first pod weight | leaf stem pod percentage yield
0.5| 10.11 2.39 45.77 | 0.015 | 0.019 | 0.123 1.924 827.74
0.1| 14.70 3.47 66.59 | 0.021 | 0.027 | 0.179 2.799 1204.28
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Significantly higher dry mass yield (6630.57 kg ha™), plant weight (130.00g), was recorded
for the variety Valjevka compared to the cultivar NS Kaéa (3983,76 kgha™), Graphs 2 and 3.
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Graph 2 and 3. The effect of the variety on the plant weight and dry matter yield

The differences dry mass yield were significant, and indicated the possibility of achieving
higher plants and higher yields of dry mass by planting varieties with longer vegetation
period, Tab. 1. The results obtained by Terzi¢ et al. (2001, 2003), are within the mentioned
limits; the variety of shorter vegetation/growing period (Danica) grown as a second crop
achieving 4563 kgha™.
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Graph 4 and 5. The effect of the variety on plant height and height if the first pod

Significantly higher plant height (64.92 cm), was recorded for the variety Valjevka compared to
the cultivar NS Kaca (44.52 cm), Graph 4. The standard error for the height of the plants was,
on average, 4.15, Table 1, Graphs 4. The average plant height was 54.72 cm, while the plant
weight on average was 123.20 g. Weight plants showed a significant correlation with an overall
yield (Tab.2). The standard error for the plant weight was on average 0.641, Table 1, Graph 3.
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Graph 6 and 7. The effect of variety on the share of leaves and stems
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NS Kaca variety had a higher share of pods (69.40%) compared to the variety Valjevka
(64.60%), Graph 8. The cultivar Valjevka had a greater height of the first pod (7.76 cm),
which is important because of the losses in the ensiling process. It is preferable that the height
of the first pod is greater in order to reduce the losses. NS Kaca had higher share of leaves
(16.60%) compared to the variety Valjevka (15.80%), Graph 6. The variety Valjevka had a
statistically significantly higher share of stems (20.01%) compared to the cultivar NS Kaca
(15.10%), Graph 7. Variety NS Kaca showed higher (30.16%) percentage of dry matter, than
Valjevka (27.12%) Table 1 and Graph 9. The dry matter difference is statistically significant,
but this not much of a influence on the quality of ensilage process.
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Graph. 8 and 9. The effect of variety on the share of pods and dry matters

Correlations between studied traits/characteristics

Positive correlations between examined parameters of soybean are recorded in the study. The
yield of dry matter was highly positively correlated with the plant height (r =0.76*). Also, a
positive significant correlation was achieved between the height of plants and weight (r
=0.64%), Table 2.

Table 2. Correlations between studied traits

. Dry matter of . Height of the Plant
Variable yield Plant height first pod weight
Dry matter of yield 1.00 0.76* 0.24"™ 0.08"
Plant height 0.76* 1.00 0.12"™ 0.64*
Height of the first pod 0.24" 0.12" 1.00 0.14"™
Plant weight 0.08" 0.64* 0.14™ 1.00
™. non significant; * - significant at 0.5

Non-significant positive correlations were recorded between other investigated parameters,
Table 2. Similar results were obtained in studies and Popovi¢ et al. 2012 and 2013. The
authors state that the significant interactions of the examined factors suggest that the factors
mutually synergized their effects ((p<0.05). Yield was positively correlated with oil content
(0.37), the height of first pod (0.22) and the plant height (0.07) and negatively correlated with
protein content (-0.34) and the 1000-grain weight (-0.27).

Conclusion
Based on the research results, in regard to the silage, and in order to obtain the better yield,
the following can be concluded:
= Variety had a statistically significant effect on plant height and dry mass yield.
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= Second crops can provide a significant amount of quality forage. The average dry biomass
yield was 5307.17 kg ha*. Higher dry biomass yield (6630.57 kg ha™), plant height (64.92
cm), the height of the first pod (7.58 cm) and plant weight (129.25 cm) were recorded for
the variety Valjevka while the variety NS Kaca had higher percentage of dry matter had.

» The variety NS Kaca had statistically significantly higher percentage of dry matter
(30.16%) compared to the variety Valjevka (27.12%).

= Dry matter yield was highly positively correlated with plant height (r=0.76*). Also, a
positive significant correlation was realized between the height of plants and weight
(r=0.64%).

= Based on the test results of the study of two varieties of different vegetation period, grown
as a second crop and intended for biomass production for silage, variety with longer
vegetation showed better results in terms of yield per unit area, plant height, plant weight
and height of first pod.
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Abstract

Wheat production area is not to large but environmental factors varies across location. Biotic
and abiotic stress affected grain yield and agronomic characters of wheat cultivars. This
research was carried out to determine of the yield, some agronomic, quality and leaf disease
traits of the bread wheat genotypes. This research was established with 25 genotypes in
randomized completely blocks experimental design with 4 replications and at three locations
in Edirne, Kirklareli and Liileburgaz in Trakya region in 2007-2008 growing season. In this
research, grain yield, days to heading and days to maturating, plant height, lodging resistance,
thousand kernel weight, test weight, protein, sedimentation, leaf rust, powdery mildew, and
relationship between these characters were investigated. According to the results it was found
significant differences among location, genotypes and studied characters. The mean yield of
the genotypes was 664.5 kg/da. Kate A-1 had the highest yield with 753.7 kg/da over three
environments. Edirne was the highest yielding (808.3 kg/da) location. Grain yield was
significantly negative correlated with protein ratio (r = -0.689**). There was a negative
correlation between days to heading with TKW (r= -0.479%*), protein content (r= -0.288) and
sedimentation (r= -0.340). Also, it was found significant relation between days to maturating
and protein content (r= -0.445*) and sedimentation (r= -0.514**). Plant height was also
correlated with thousand kernel weight (r= 0.539**) and test weight (r= 0.731**). Leaf rust
negatively affected TKW and test weight, also there was negative relation between leaf rust
with days to heading and maturating, plant height. The higher infection of Leaf rust was
determined in Edirne and there were differences among location and genotypes.

Key words: Bread wheat, genotypes, yield, quality, leaf disease

Introduction

Bread wheat is an important crop is grown in Trakya region (Turkey) and it covers 5-6% of
the total wheat area of Turkey. Wheat production area is about 650.000 hectares and average
wheat yield is almost 5.0 tons/ha per year in the region (Anonymous, 2012). Genotype-
environment (GE) interactions are extremely important in the development and evaluation of
plant varieties because they reduce the genotypic stability values under diverse environments
(Hebert et al., 1995). Almost all breeding programs in the world aim to improve varieties with
stable yields. The yield stability is generally grouped as static or dynamic stability (Pfeiffer
and Braun, 1989). Consistency in yield has always been a problem in crop production due to
the strong influence of environmental effects during the various stages of crop growth (Yan
and Hunt, 2001; Viana and Cruz, 2002). In bread wheat varieties for irrigated environments, it
must be decided whether to select directly in the irrigated or indirectly in a rainfed
environment. In addition, it is concluded that thousand seed weight and test weight values of
wheat will be selected by indirect selection in rainfed conditions (Tosun at al., 2006). In
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wheat, grain yield and baking quality are dependent on the environment, genetic factors and
the interaction between them (Yan; Holland, 2010; Coventry et al., 2011). On the other hand,
both the quality and the content of the wheat protein are affected by the climatic conditions
during wheat maturation (Johnson et al., 1972; Johansson and Svensson, 1988). Success of a
wheat breeding program depends on the regional adaptability of the cultivars improved and
adaptability of such cultivars in the target environments determined by its tolerance to biotic
and abiotic stresses (Altay, 2012). Leaf rust caused by Puccinia triticina is one of the most
important and widespread diseases of common wheat (Triticum aestivum L.) worldwide. It is
adapted to a wide range of environments occurs wherever wheat is grown, and can cause
significant yield and economic losses (Wamishe and Milus, 2004). The purpose of the present
study was to investigate the some agronomical and quality characteristics of some widely
cultivated varieties and advanced lines. In addition to some of biotics stress factors and
relationship between these characters were investigated.

Materials and methods
The experiment was conducted at three locations in Trakya region (Turkey) in 2007-2008
growing seasons. Twenty five winter wheat genotypes, 6 of them were local check and 19
advanced lines, were examined under field condition, with RCBD with four replications. All
plots were sown into 6 rows, and plot sizes were 6 m? at harvesting. In the experiment 500
seeds/m? was used at planting. Sowings were performed by using a plot drill and fertilizer was
applied at three times. Also, chemical was used for weed control.

Table 1. Precipitation and temperature of the 2007-2008 growing year in three locations

Months Rainfall (mm) Mean temperature (°C)
Edirne | Kirklareli | Liileburgaz | Edirne | Kirklareli | Liileburgaz

October 2007 40,5 56,8 22,0 15,2 16,1 15,4
November 2007 1471 97,3 98,7 8,1 9,1 8,7
December 2007 85,0 53,0 55,0 2,7 3,6 3,2
January 2008 32,4 25,8 30,4 1,1 2,0 1,4
February 2008 2,8 0,3 6,7 4.4 4.4 4,3
March 2008 31,3 49,8 38,3 10,9 9,8 10,1
April 2008 44,1 48,4 62,6 14,3 13,2 13,5
May 2008 33,4 21,4 54,0 18,0 17,1 17,4
June 2008 45,7 68,4 90,4 23,3 22,4 22,7
Total/Mean 462,3 421,2 458,1 10,9 10,9 10,8

In this research; grain vyield, plant height, days of heading and maturating were
investigated. Also, 1000 kernel weights, test weight, protein ratio (Perten H. 1990) and
sedimentation (Koksel et al., 2000; Anonymous, 1990) were investigated. The genotypes
evaluated under natural field condition and reaction types and rust levels scored using the
Modified Cobb scale (Peterson et. al., 1948; Roelfs et al., 1992; Saari and Prescott, 1975;
Stubbs et al., 1986; Prescott et al., 1986) in three locations. A uniform epidemic was achieved
and susceptible genotypes were rated as 80-100S. For powdery mildew (Jin Y., 2011;
Mclintosh et al., 1995) determining double digit (00-99) scale was used. The statistical
analyses of measurements data was performed by using statistics program and the differences
among the means were compared with LSD at a 5% significant level (Kalayci, 2005).

269



Results and discussion

The results of variance analysis are presented in Table 2. There was statistically difference
among genotypes in yield according to all locations. The mean yield was 664.5 kg/da.
According to location the highest yield were obtained in Edirne (808.3 kg/da) and the
lowest yield in Kirklareli with 452.6 kg/da. The highest grain yields were determined in
Kate A-1 cultivar with 753.7 kg/da. Other highest yielding genotypes were Gelibolu and
entry number 22, 23 and 24 lines. Based on GXE interaction the highest yield was
determined in Kate A-1 and Gelibolu cultivars with 936.8 kg/da and 903.0 kg/da
respectively in Edirne location.

Table 1. The determined Leaf rust and Powdery mildew incidence according to locations

Entry Powdery mildew (0-99) Leaf rust
Genotypes - ; - X
No Edirne | Kurklareli | L.Burgaz |Edirne |Kirklareli | L.Burgaz

1 Bezostaya 44 69 21 20S TR 5R

2 TE5519-2 42 77 21 5R 0 TR
3 TE5519-3 32 58 31 5R 0 TR
4 TE5402-4 35 89 55 0 0 TR
5 Pehlivan 33 88 45 60S TR 10MS
6 OK81306/STAR-6 22 65 44 TR 0 TR
7 OK81306/STAR-7 43 74 43 0 0 TR
8 OKB81306/STAR-8 57 88 63 TR 0 TR
9 TE5554-9 57 68 22 60S 0 TR
10 Flamura-85 41 79 21 60S TR 10MS
11 TE5393-11 42 69 41 10MR 0 5R
12 TE5605-12 43 69 53 40S 5R 10MS
13 TC1001183-13 21 88 63 20S 5R 5R
14 TCI001117-14 0 37 34 0 0 0
15 Kate A-1 0 58 35 80S TR 40S
16 TCI1001136-16 0 32 0 80S 40S 40S
17 TC1001136-17 0 42 0 80S 20S 60S
18 TC1001136-18 0 32 0 80S 60S 40S
19 TC1001257-19 44 68 64 80S 40S 10MS
20 Gelibolu 35 58 55 20S 10MS 10MS
21 TCI001257-21 42 67 67 60S 20S 10MS
22 CMSW97WMO00518S-22 42 33 54 5R 0 TR
23 CMSW97WMO00518S-23 0 21 11 5R 0 5R
24 CMSW97WM00518S-24 0 21 43 10MR 0 5R
25 Tekirdag 42 43 32 TR TR 5R

Wheat leaf rust is the most destructive and widespread diseases in Trakya region and
susceptible cultivars leading to serious yield losses. There were differences among location
according to leaf rust (Puccinia recondita) infection. There is a high incidence of wheat leaf
rust in Edirne location because of suitable environmental condition in spring, and disease
severities on susceptible varieties reached 80%. In Kirklareli and Liileburgaz location there is
generally a low incidence. Among genotypes ten genotypes were resistant in Edirne location
including Tekirdag cultivar. Nineteen genotypes were resistant to leaf rust in Kirklareli and
fifteen genotypes were resistant, 6 genotypes moderately resistant to leaf rust in Liileburgaz
location. Five genotypes were resistant to leaf rust at three locations (Table 1).

Powdery mildew is considered of economic significance only in areas with high rainfall
where the climate is favourable for disease. Powdery mildew caused by Bluminera graminis
DC f. sp. tritici is an important disease of wheat (Triticum aestivum) growing area. Powdery
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mildew disease usually occurs from February to April depending on the growing area, variety
planted, and environmental conditions in Trakya region. There were differences among
location and genotypes according to powdery mildew (Bluminera graminis) infection. In this
study especially suitable environmental condition high infection of powdery mildew occurred
in Kirklareli location. Five genotypes (entry number 16, 17, 18, 23 and 24 lines) and Tekirdag
cultivar tolerant to powdery mildew over three locations (Table 1).

Table 2. Correlation coefficients among the tested characters of the cultivars

Traits GY DH DM PH LOD TKW TW PRT | SED PM
DH 0.029

DM 0.003 | 0.818**

PH 0.150 -0.234 | 0.028

LOD -0.007 | -0.363 | -0.092 | 0.931**

TKW -0.065 | -0.479* | -0.208 | 0.539** | 0.528**

T™W 0.187 -0.151 0.163 | 0.731** | 0.634** | 0.688**

PRT -0.689** | -0.288 | -0.445* | -0.037 | 0.080 -0.023 | -0.335

SED -0.175 | -0.340 |-0.514**| -0.057 | -0.011 | 0.137 -0.169 | 0.315

PM -0.312 | -0.107 0.225 0.082 0.081 | 0.563** | 0.374 | 0.017 | -0.264

LR -0.002 | -0.302 | -0.439* | -0.384 | -0.355 | -0.402* | -0.382 | 0.281 | 0.304 | -0.353

Note: Significance at **: P<0.01 and *:P<0.05; GY: Grain yield (kg/da), DH: Days of heading, DM: Days of
maturating, PH: Plant height (cm), LOD: Lodging resistance (1-9), TKW: Thousand kernel weight (g), TW: Test
weight (kg), PRT: Protein ratio (%), SED: Sedimentation (ml), PM: Powdery mildew (0-99), LR: Leaf rust

In this study it was investigated in order to determining correlation coefficient of the
characters. It was found significant relation among investigated parameters. There was
slightly positive relation between grain yield and plant height (r=0.150), test weight (r=0.187)
and negative relation with powdery mildew (r=-0.312). It was found significant negative
relation between grain yield and protein ratio (r = -0.689). Days to heading was also negative
correlated with thousand kernel weight (r= -0.479*), protein content (r= -0.288) and
sedimentation (r= -0.340). Also it was found significant negative relation between days to
maturating and protein content (r= -0.445*) and sedimentation (r= -0.514**). These results
showed that earliness in genotypes have advantages for better quality. There was positive
highly significant correlation between plant height and 1000-kernel weight (r= 0.539**) and
test weight (r= 0.731**). Leaf rust in genotypes negatively affected almost all parameters
yield, plant height, TKW and test weight, excepted protein ratio and sedimentation. Leaf rust
was negative correlated with days to heading and days to maturating (Table 2).

Plant height is an important trait to evaluation genotypes especially for lodging resistance.
Lodging is one of the mainly problem in Trakya region. In this study plant height ranged from
71.7 cm up to 115.0 cm and mean was 90.7 cm. Earliness is other important characters
because of to grow forage crops within same growing cycle in the region. There was
significant difference among genotypes according to earliness. Mean of the heading days was
125.6 days and maturating days 164.4 days. Heading days ranged from 120.3 days up to 133.3
days and maturating days from 161.7 to 170.3 days (Table 3).

Some quality parameters were investigated. These characters are affected by environmental
conditions, agronomic practice and genotypic traits. Grain weight and test weight in wheat
varies by cultivar x genotypes interactions. There was a wide variability both in thousand
kernel weights and test weight. In this study 1000 kernels weights ranged between 27.5 ¢
(Entry 18) and 44.0 g (Pehlivan). The mean thousand kernels weights was 35.9 g. (Table 3).
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Table 3. The mean value of the agronomic, physiological, morphological and quality characters of the genotypes

Entry No | Genotypes GY PH LOD DH DM TKW T™W PRT SED
1 Bezostaya 565.5 | 115.0a 77a 126.3 c-f 166.3 bed 40.8 bcd 82.8a 15.0a 48.0 a-e
2 TE5519-2 646.7 f-j 95.0 c-f 6.0 bc 122.7 e-h 163.0 fg 37.0 f 79.3¢c-g 14.4 a-e 44.0 c1
3 TE5519-3 636.8 g-j 100.0 bcd | 5.7 bed 123.7 e-h 163.3 efg 38.0d-1 79.9 b-g 14.7abc | 42.3d-1
4 TE5402-4 670.7 d-1 91.7 efg 4.3 de 122.0 fgh 161.7¢9 42.3ab 80.6 a-f 13.7b-h | 46.3b-g
5 Pehlivan 667.0 e 100.0 bcd | 4.7 cde 123.3 e-h 162.3 fg 440a 81.0 a-d 13.7b-g |40.3¢g-j
6 OK81306/STAR”S”-6 665.0 e-1 91.7 efg 3.3 ¢f 127.3 b-e 166.0 cd 36.2 hij 77.7 gh 14.0 a-f 39.7 g
7 OK81306/STAR”S”-7 693.1 cde |95.0c-f 3.3ef 125.3 d-h 165.7 cde 36.4 g-j 78.4 efg 13.8 b-g 39.3 0
8 OK81306/STAR”S”-8 632.8 hj 86.7¢9 2.3fg 129.0 a-d 167.0 bc 31.1m 78.9d-g 13.4 e11 37.3 4
9 TE5554-9 615.8 jk 76.7h 10g 122.0 fgh 162.0 fg 38.3¢-1 79.0d-g 13.8b-g |48.0a-€
10 Flamura-85 645.8 f-j 93.3d-g 4.3 de 121.3 fgh 163.0 fg 40.1 b-e 81.0 a-d 13.6 c-h 52.7 ab
11 TE5393-11 631.8 1j 101.7 b 4.3de 124.0d-h 164.3 def 41.1 abc 78.8d-g 14.3 a-e 54.3a
12 TE5605-12 669.3 d-1 71.7h 10g 125.3d-h 166.0 cd 37.0 f 77.9¢h 12.41j 45.0c-h
13 TCI001183-13 582.4 kI 76.7h 10g 133.3a 170.3 a 30.3mn 78.2 fg 13.8b-g [33.7]
14 TCI001117-14 674.8 c-g |105.0b 7.0ab 126.0 c-g 166.3 bed 35.4 1jk 79.1c-g 12.1] 43.3 ¢
15 Kate A-1 753.7 a 1133 a 6.7 ab 121.0gh 163.3 efg 34.7 jki 81.9ab 13.0 f+j 41.0e1
16 TCI001136-16 642.7 g-j 73.3h 10g 124.7 d-h 162.0 fg 28.0n 75.6h 145 a-e 48.7 a-d
17 TCI001136-17 648.5 f-j 75.0h 10g 124.7 d-h 162.0 fg 27.7n 75.6h 14.7 ab 48.3 a-d
18 TCI001136-18 659.7 e-1 76.7h 10g 124.7 d-h 162.0 fg 27.5n 75.4h 14.6 a-d 49.7 abc
19 TCI001257-19 671.7 d-h |88.3fg 2.3fg 125.7 d-g 165.7 cde 38.9c¢c-h 80.5 a-f 13.5e41 47.7 a-f
20 Gelibolu 708.2 bcd | 96.7 cde 40¢e 120.3 h 164.3 def 39.6 b-f 81.6 abc 12.1] 40.7 f+j
21 TCI001257-21 6752 ¢c-g |86.7¢9 2.3fg 126.0 c-g 166.3 bed 37.7 e+ 80.7 a-e 12.8 g-j 39.0 hij
22 CMSW97WM518S-22 712.0 bc 88.3 fg 2.3fg 134.0a 168.7 ab 32.6kim |79.6 b-g 12.6 hij 45.0c-h
23 CMSW97WM518S-23 746.9 ab 91.7 efg 2.3fg 131.0 abc 166.7 bed 329kim |80.7 a-e 12.0j 37.7 1
24 CMSW97WM518S-24 713.1 bc 90.0 efg 2.3fg 131.7 ab 167.0 bc 32.3Im 79.7 b-g 12.0j 48.0 a-e
25 Tekirdag 683.0 c-f 88.3 fg 2.3 g 125.7 d-g 162.7 fg 39.4b-g 79.0d-g 13.5d-1 48.7 a-d
Mean 664.5 90.7 3.3 125.6 164.4 35.9 79.3 135 44.3
CV (%) 39.4 4.5 3.3 2.4 0.9 5.2 2.0 49 10.0
LSD (0.05) 7.5 6.7 1.6 5.1 2.4 3.0 2.5 1.1 7.3
F ** *% *% *%* *% **% **% **% *%*

Note: Significance at **: P<0.01 and * :P<0.05; GY: Grain yield (kg/da), PH: Plant height (cm), LOD: Lodging resistance (1-9), DH: Days of heading, DM: Days of

maturating, TKW: Thousand kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%), SED: Sedimentation (ml)
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Test weight of the genotypes ranged between 75.4 kg and 82.8 kg, while mean test weight was
79.3 kg. The highest test weight was obtained from Bezostaya, which is followed by Kate A-1,
Gelibolu and Pehlivan cultivars (Table 3). Table 3 shows mean and ranges of variation for protein
ratio in all genotypes were evaluated during 2007-2008 at three locations. Protein ratio ranged
from 12.0% to 15.0% among genotypes and mean protein was 13.5%. The highest protein ratio
was measured in Bezostaya cultivar. Sedimentation ranged in genotypes from 33.7 ml to 54.3 ml
and the highest test weight scaled in entry number 11 and Flamura-85 genotypes. The mean

sedimentation was 44.3 ml (Table 3).
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Figure 1. Relationship between some investigated characters

Grain yield, some physiological, agronomic and quality traits which was investigated in this
study, was affected from environmental fluctuations. In this research these characters were
examined and assessed for relationship amongst them. As it expected there was negatively
relation between grain yield and protein ratio (R°=0.474), and positive relationship between grain
yield and plant height (R*=0.473). It was found highly positive relation between plant height and
lodging resistant (R°=0.866), it means that genotypes which have short plant height resistant to
lodging. There was negative relation between earliness and 1000 kernel weight (R?*=0.229)
(Figure 1). Leaf rust in wheat negatively affected and decreased test weight and thousand kernel
weight.

Conclusion

Wheat vyield potential in Trakya region changes across region due to various environmental
conditions. Because of various environmental conditions there was significant difference among
genotypes and locations over studied characters. Grain yield was significantly negative correlated
with protein ratio. There was a negative correlation between days to heading with thousand
kernel weight, protein ratio and sedimentation value. Also, it was found significant relation
between days to maturating and protein content and sedimentation value. These results showed
that earliness in genotypes have advantages for better quality in Trakya region. Plant height was
also positive correlated with thousand kernel weight and test weight. The higher infection of leaf
rust was determined in Edirne and there were differences among location and genotypes. Leaf
rust in genotypes negatively affected almost all parameters grain yield, thousand kernel weight
and test weight. Leaf rust negatively affected and reduced 1000-kernel weight and test weight.
Also, there was negative relation between leaf rust with days to heading and maturating so
earliness in genotypes has disadvantages for rust disease in Trakya region.
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Abstract

The yield of any crop is directly or indirectly a function of the interaction between the crop’s
genotype and the existing climatic and ecological factors. This study was carried out to determine
the performances of some sesame cultivars under Igdir plain ecological conditions in Igdir -
Turkey, 2012. Cumhuriyet-99, Kepsut-99, Muganli-57, Orhangazi-99, Osmanli-99, Tan-99, Tur-
S-90 and Tur-S-203 varieties were used as trial materials. The study was conducted in the
Randomized Blocks Experimental Design with three replications to investigate plant height,
number of branch per plant, first pod height, pod length, pod width, number of pod per plant,
number of seed per pod, 1000 seed weight and seed yield. Results of experiment revealed that all
investigated properties showed significant differences among the genotypes. Plant height varied
among 121.0-147.1 cm, number of branch 3.6-7.2, first pod height 43.6-67.1 cm, pod length
25.3-28.6 mm, pod width 4.8-6.5 mm, number of pod per plant 56.1-125.5, number of seed per
pod 53.2-72.3, 1000 seed weight 2.85-3.67 g and seed yield 523.3-1005.9 kg ha™. The highest
seed yields were obtained from Orhangazi-99 while the lowest seed yield was recorded from
Tan-99.

Keywords: Sesame, Sesamum indicum, variety, yield, yield components

Introduction

Sesame (Sesamum indicum L., Pedaliaceae) is an important ancient annual spice and oilseed crop
which is widely cultivated all over the world for its seeds. Sesame seeds contain about 40-60%
(Dogan and Zeybek, 2009) oil and 20-30% of protein (Oz and Karasu, 2010). In general, it has
high stability and quality oil which contains about 47% oleic acid (C18:1), 39% linoleic acid
(C18:2), 9.0% palmitic acid (C16:0), 4.1% stearic acid (C18:0), and 0.7% arachidic acid (C20:0)
(Weiss, 1983). As a “queen of oilseeds” (Al-Yemeni et al., 2000), it was cultivated during
ancient Harappan, Mesopotamian, and Anatolian eras, and throughout the Graeco-Roman world
(Bedigian, 2003) for its high oil yield, mildness and pleasant taste (Al-Yemeni et al., 2000) and
also because of its rich and nutty flavor it is a common ingredient in cuisines across the world
(Obiajunwa et al., 2005). As a good source of protein and fat for humans and livestock (Adebisi
et al., 2005) sesame seeds are also used in baking and making candy, while its oil in addition to
cooking is used in the manufacture of perfumes, pharmaceuticals, soaps, insecticides, paints
(Alege et al., 2013; Amara et al., 2008).
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Sesame has many species, most of them are wild and native to Turkey. The cultivated type is
Sesamum indicum which originated in India and is tolerant to drought-like conditions, where
other crops fail in Turkey. Sesame is known as a medicinal and spice oilseed crop in Turkish
culture. Because of its high production cost and low yield, it has a limited production, therefore,
its oil is not commonly used in meals in Turkey, instead, its seeds are mostly used in tahini and
halvah production and also, sesame is the only condiment of world famous the Turkish bagel
(simit). Despite, its most and widely consumption, the sesame production is far below the need of
the country. Turkey sesame production deficit are tried to close by imports whereas even the half
of annual needs of Turkey cannot be provided (Dogan and Zeybek, 2009; Sahin, 2014).

It is one of warm-season crops, and must be sown after last frost days; it adapts well to high
temperatures, but it cannot tolerate waterlogged soil (Bedigian and Harlan, 1986). It need
optimum 20-25 °C of soil temperature for germination. So in eastern Anatolia only some plain
which has microclimate conditions ensure this temperature during germination in spring months.
Therefore, it is necessary to determine the varieties with high seed yield in ecology where it can
grow well. Igdir plain is one of the most suitable one where sesame can easily be cultivated.

The aim of this study was to evaluate the best sesame cultivar which could be well adapted to
conditions of Igdir Plain (Turkey).

Material and Methods

Igdir is a province in eastern Anatolia-Turkey, located along closed border with Armenia which
follows Aras River, Azerbaijan (the area of Nakhichevan Autonomous Republic), and Iran. Its
adjacent provinces are Kars to the northwest and Agr1 to the west and south. It occupies an area
of 3.587 km?. Because of its mountains, Eastern Anatolia average altitude is approximately 2
000-2 200 m. Therefore, it was called as “Roof of Turkey”. Turkey's highest mountain, Mount
Ararat (Agr1 Dag) is in Igdir, but much of the land is a wide plain far below the mountain which
has lowest altitude (850 m) of Eastern Anatolia Region-Turkey. Therefore, it has a warmest
climate in this part of Turkey where cotton can be grown.

The study was carried out at the trial field of Agricultural Research and Training Center (lat.
39° 55'-N, long. 44° 5'-E and the alt. 851 m above sea level) of the Igdir University, Turkey
during 2012 growing season in order to compare the sesame varieties adaptation performance
according to some quantitative properties (plant height, number of branch per plant, first pod
height, pod length, pod width, number of pod per plant, number of seed per pod, 1000 seed
weight and seed yield).

The soil samples, where the research took place, were taken to identify physical and chemical
characteristics of the research field which results are presented in Table 1.

Table 1. The soil characteristics of the research field

. Lime Total  Organic Available plant nutrients
Soil texture EC H 1
(Type) (mmhos/cm) p (CaCO0y) N matter (kg ha™)
(%) (%) (%) P20s K20
Clay - Loam 1.85 7.99 11.81 0.98 2.1 34 271

As can be seen in Table 1, the soil type is clay-loam with a pH of 7.99 and low organic matter.

The meteorological data during the study periods in 2012 are presented in Figure 1. The averages
of monthly mean temperatures during the growing period (April-September) consistently higher
than Long Term (LT). The higher temperatures were observed during the reproductive stages. As
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seen in Figure 2, the total precipitation (153.2mm) of 2012 was approximately similar to the
long-term. Monthly precipitation differed in 2012 at the growth stages. During the vegetative
stages (May, July and September), the crops received higher precipitation in 2012 than in LT.
However, the plants received lower precipitation during reproductive stages (April, June and
August) in 2012 compared to LT (Figure 2). The average of relative humidity (64.2 %) of 2012
was higher than the LT average (48.4).

TEMPERATURE DURING STUDY PRECIPITATION DURING STUDY
PERIOD PERIOD

Mean monthly temp. (°C) 2012 Mean monthly temp. (°C) Long Term Precipitation (mm) 2012 Precipitation (mm) Long Term
35.0 70.0
30,0 60.0
25,0 50,0
20,0 00
150 00 B
10,0 20,0
5,0 10,0
0,0 % 0.0 ; : -
APRIL MAY TUNE JULY AUGUST SEPTEMBER APRIL MAY JUNE JULY AUGUST SEPTEMBER

The study was conducted with a total of 8 varieties containing yellow (Tur-S-90, Tur-S-203,
Muganli-57 and Orhangazi-99) and white (Cumhuriyet-99, Kepsut-99, Osmanli-99 and Tan-
99)(Tan, 2011) sesame groups in 2012 growing season in Igdir Plain based on Randomized
Complete Block Design with three replications. The experimental plots consisted of four rows 4
m in length 65 cm apart and were sown by hand at 30 May in 2012. Sprinkler irrigation was
maintained immediately after sowing and thereafter used when necessary based on soil and plants
conditions. Nitrogen, phosphorus and potassium were applied at a rate of 70kg ha™ at sowing.
The half of nitrogen fertilizer was applied during seedbed preparation, and the other was applied
while the plant height was approximately 30 cm. After emergence, thinning was done to obtain
row distances (15 cm) and weeding was applied before stem elongation manually.

Yield and yield components data were determined on 10 plants randomly selected from two
middle rows in each plot where the harvesting areas determined after deletion of the plot sides
and 30cm from the top and bottom of two middle rows.

The variance analysis of data for each properties and analysis of the randomized complete
block design were computed using the IBM SPSS computer program (v.23.0). The LSD multiple
range tests were used to test the significance of main effects at the 5 % level of probability. The
Spearmen correlation equation between the traits mean as the dependent variables of sesame as
the independent variable are calculated.

Results and Discussion

Table 2 shows the comparisons of varieties according to the plant height, number of branch per
plant, first pod height, pod length, pod width, number of pod per plant, number of seed per pod,
1000 seed weight and seed yield.

Plant height: The means comparison for this trait (Table 2) indicated that sesame in 2012 was
faced a more favorable thermal and moisture regime (Figure 1 and 2). The plant height had a
significant (%5) difference among the varieties. This could be due to the differential response of
varieties to environmental conditions based on their genetic variations (de la Vega, 1996). The
plant heights differed from 121.0-147.1 cm. The highest plant was observed from Tur-S203

2178



which had no statistically difference with Muganli-57, Tur-S-90, Orhangazi-99 and Kepsut-99
(146.63, 146.50, 145.87 and144.47 cm), respectively and the shortest plants were obtained from
Tan-99. Supporting evidences were reported by Oz and Karasu, (2010) who showed that
Orhangazi-99 had maximum plant heights among 7 varieties and Tan, (2011) monitored that the
plant heights changed between 110 — 128.9 cm.

Number of branch per plant: As can be seen in Table 2, number of branch/plant significantly
(%5) varied among varieties. According to the means comparison, the maximum number of
branches (7.17) was observed from Orhangazi-99 which had no statistically significant difference
with the other varieties except Tan-99 which had the minimum number of branch/plant (3.63).
These results are in concordance with Sagir et al., (2010). Contrasting results were obtained by
Oz and Karasu, (2010) who stated that the number of branch didn’t changed according to the
genotypes.

First pod height: Results obtained from the 8 varieties indicate that there exist wide variations
among the varieties. The distance from the first pod down to the base of the plant was between
43.60 - 67.07 cm (Table 2) and was significant at %5 statistical level. The maximum height was
observed from Tan-99 where the shortest plants were obtained from Orhangazi-99. The study
results agree with the previous findings of Ansah et al., (2015). The maximum height observed
from Muganli-57 while the minimum height determined from Cumhuriyet-99.

Pod length: The remaining one of morphological traits; pod length had significant (%5)
differences among the varieties. The pod length was between 25.33-28.07 mm which had a good
line Oz and Karasu, (2010) findings. The longest pods were screened from Orhangazi-99 while
the shortest pods were observed from Tan-99. These differentials were in accordance with Alege
et al., (2013) who reported the pod length is stable to variations in soil fertility condition and are
therefore under strong genetic influence.

Pod width: Table 2 shows that there were significant (5%) differences in the pod widths of
varieties. As seen in Table 2, the highest pod width value (6.50 mm) was obtained from
Orhangazi-99 while the lowest determined from Tan-99 (4.83 mm). These results has good line
with Alege et al., (2013) and Oz and Karasu, (2010) findings.

Number of pod per plant: In the present study, significant (5%) differences were occurred
among varieties regards to number of pod/plant (Table 2). The highest number of pod/plant value
(125.50) was obtained in plots of Orhangazi-99, where the lowest number of pod/plant (56.07)
was produced from Muganli-57 sown plots which had no statistically significant (5%) difference
with Tan-99 (58.27) (Table 2). The results of study are in accordance with Oz and Karasu, (2010)
who stated the number of pod had a significant effect on seed yield.

Number of seed per pod: According the data presented in the Table 2, the number of seed per
pod had a significant (5%) differential among the varieties. The highest value (72.37) was
obtained from Orhangazi-99 while the minimum values (53.20) were produced by Tan-99 variety
(Table 2). Supporting evidence were reported by Lal et al., (2016) who stated the number of seed
per pod increased with increasing of pod length and width under optimum conditions as a
morphologically reality.
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1000 seed weight: In the present experiment, 1000 seed weight exerted significant (5%)
differences among varieties (Table 2). The highest values (3.67 g) was obtained in Muganli-57,
where the minimum value (2.85 g) was observed in Kepsut-99 (Table 2). The supporting
evidence had been reported by Li et al., (2015) who stated the 1000 seed weight was mainly
controlled by the maternal genotype under optimum conditions.

Seed yield: Seed vyield is directly related to the number of branches, but the total number of
pod/plant and the number of seed/pod has the greatest direct effect on seed yield (Lal et al.,
2016). The number of pod/plant is directly related to the number of flowers, but climatic
conditions can affect the percentage of fertilized flowers. The short photoperiods can increase the
number of pod/plant on early and medium-late genotype (Sogiit, 2009). The direct effect of the
number of fruiting branches on seed yield in sesame was considerable, as shown by (Uzun et al.,
2002). On the bases of this, there was a highly significant (5%) difference in seed yield among
eight varieties (Table 2). The maximum seed yield (1005.87 kg ha!) obtained from Orhangazi-99
variety where minimum seed yield (523.33 kg ha') obtained from Tan-99 (Table 2). The
supporting data were reported by Oz and Karasu, (2010).

Table 2. The multi-comparison test of LSD’s mean for the effects of varieties on observed
quantitative characters of sesame

Plant Number of  First pod Number of  Number of 1000 seed

Varieties height branch per height Pod length  Pod width pod per seed per weight Seed yi_elld
(cm) plant (cm) (mm) (mm) plant pod 9) (kg ha’)
Cumhuriyet-99 135.97 ab 577 a 4837 cd 26.83 ab 563 abc 12240 a 6850 ab 3.07 bc 94973 b
Kepsut-99 144.47 a 547 a 5333 bc 26.13 ab 590 ab 9427 bc 6443 b 285 d 83493 d
Muganl-57 146.63 a 547 a 5050 cd 26.63 ab 583 ab 5607 d 69.30 ab 3.67 a 88983 ¢
Orhangazi-99  145.87 a 717 a 4360 d 2807 a 650 a 12550 a 7237 a 301 bcd 100587 a
Osmanl-99 130.57 ab 557 a 4863 cd 2623 ab 580 ab 90.03 ¢ 66.87 ab 3.03 bcd 94723 b
Tan-99 12103 b 363 b 6707 a 2533 b 483 ¢ 5827 d 5320 c¢ 291 cd 52333 e
Tur-S-203 14710 a 550 a 5970 b 2653 ab 550 bc 7170 cd 6350 b 291 cd 90330 c
Tur-S-90 14650 a 650 a 5973 b 2673 ab 593 ab 11977 ab 6593 b 311 b 87403 c
LSD 0.05 15.454 1.526 6.443 1.793 0.881 25.571 5.846 0.172 32.776
CV % 6.314 15.464 6.830 3.855 8.749 15.828 5.096 3.205 2.161

Means with similar letters within each column for each treatment are not significantly different (LSD 5%).

The seed yield is the most important target in sesame cultivation, but also, the seed yield is under
effect of lots of factors such as genotype, environmental (climatic and soil) conditions and the
traits factors of farmers. Because of these reasons, the results of most sesame agronomic studies
can be different.

Traits Correlations

The studied traits correlations are shown in Table 3. The correlations between plant height and
number of seed/pod, pod length, pod width were observed positive and significant (5%). Number
of branch/plant showed positive and highly significant (1%) correlation with number of
pods/plant, number of seed/pod, pod width, seed yield and also significant (5%) correlation with
pod length and 1000 seed weight but, had negative and highly significant (1%) correlation with
first pod height. These results suggest that improvement in these properties could be with an
increase in number of branch/plant (Lal et al., 2016) with less first pod height.
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The correlations of number of pod/plant with number of seed/pod, pod length and pod width are
positive and significant (5%) and also had a positive and significant (1%) correlation with seed
yield which suggest that the increase in these yield components could be with an increase in the
number of seed/pod. But, a negative and significant (5%) correlation was screened with first pod
height which suggested that an increase in number of pod/plant could be obtain with low first pod
height.

The number of seed/pod was positive and significantly (1%) correlated with length of pods and
seed yield while it had negative and significant (1%) correlation with first pod height. This
indicates that the maximum length of pods and seed yield can be determined with a high number
of seed/pod and low height of first pod.

The correlation of first pod height with pod length, pod width and seed yield was significantly
(5% and 1%) negative which suggests that the first pod height could bring decrease in yield and
yield parameters. Therefore, it will be a good step to improve a balance between these important
components when breeding for high yield improvement in sesame (Lal et al., 2016).

Pod length, pod width and 1000 seed weight were positive and significantly (5% and 1%)
correlated with seed yield. This means that an increase in these parameters will occur high yield
in sesame.

Table 3. The correlation values of plant parameters based on means of 8 varieties in 2012
growing seasons at Spearman

Plant Number of Number of ~ Number of First pod 1000 seed

height branch/plant pod/plant seed/pod height Pod length  Pod width weight Seed yield
(PH) (NB/P) (NP/P) (NS/p) (FPH) (PL) (PW) (TSW) (SY)
PH 1 0.220 0.190 0.355 * -0.040 0.383 * 0.359 * 0.160 0.180

NB/P 1 0.645 ** 0512 ** -0.540 ** 0.425 * 0.640 ** 0.350 *  0.489 **

NP/P 1 0461 * -0.466 * 0471 * 0423 * 0.110 0.519 *=*

NS/p 1 -0.607 ** 0.747 **  0.310 0.330 0.547 **

FPH 1 -0.376 * -0.676 ** -0.320 -0.787 **

PL 1 0.320 0.010 0413 *

PW 1 0.180 0.535 **

TSW 1 0.362 *
SY 1

**_Correlation is significant at the 0.01 level
*. Correlation is significant at the 0.05 level

Conclusions
According to results of the study, it can be concluded that to increase seed yield in sesame, the
attributes like number of branch/plant, number of pods/plant number of seed/pod, pod length, pod
width and 1000 seed weight should be increased to achieve potential yield of sesame in Igdir
plain conditions. And also, in order to cultivate sesame as an oil crop in conditions similar to the
region of this experiment, Orhangazi-99 was recommended.
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Abstract

The major limiting factor to livestock production in Southeastern Anatolia region is the
inadequate quality roughage supply. The introduction of leguminous forage species in crop
rotation systems are of great importance. Accordingly; two years field trials (2008-09 and 2009-
10) were conducted to determine performance of some promising bitter vetch lines, provided
from International Center for Agricultural Research in Dry Areas, Aleppo, Syria (ICARDA) in
highland of Southeastern Anatolia Region of Turkey. Field experiments of the study were
designed according to randomized blocks design with three replications. According to two years
average, the examined traits were ranged among the genotypes as follow; dry matter yield
(DMY) 4.13-5.40 t ha*, dry matter crude protein content (CP) 16.53-18.52%, acid detergent fiber
(ADF) 21.30-23.52%, neutral detergent fiber (NDF) 29.81-32.04%, dry digestible matter (DDM)
70.58-72.31%, dry matter intake (DMI) 3.75-4.03%, total digestible nutrients (TDN) 69.3-71.9,
relative feed value (RFV) 205-226, calcium (Ca) content 0.42-0.71%, magnesium (Mg) content
0.20-0.23% potassium (K) content 3.01-3.22%, and phosphorus (P) content 0.29-0.31%. In the
study; inverse relation was determined between the two growing season for dry matter yield and
crude protein contents. Namely, crude protein content of bitter vetch genotypes were lower in
high dry matter yield obtained growing season. Results of the study revealed that Ca, Mg, K and
P contents of the bitter vetch forages are sufficient for the optimum performance of ruminants,
and, the forages obtained from the bitter vetch lines are of the best quality, when by taking into
consideration the RFV values of forages.

Key words: Bitter vetch (Vicia ervilia (L.) WILLD), dry matter yield, forage quality, ADF, NDF

Introduction

The genus Vicia (vetches) includes about 160 annual and perennial species distributed throughout
temperate regions of Europe, Asia, and the Americas (Alkin et al., 1986; Maxted, 1995, Larbi et
al., 2011). According to Elci and Acikgoz (1993) 59 of them find in native flora of Turkey, and
14 species of vetches are cultivated in arable land of Turkey. The most grown ones in Turkey are
respectively Vicia sativa L. (common vetch) and Vicia pannonica Crantz (Hungarian vetch).
Vicia ervilia (L) Willd. (Bitter vetch) is also important annual vetch species. It has been
cultivated by farmers since ancient times in Anatolia.

Shortage of quality forages presents a serious problem to animal husbandry of the Southeastern
Anatolia Region of Turkey, known as Upper Mesopotamia, is located within the ‘Fertile
Crescent’. Accordingly, livestock are fed predominantly by cereal chaff and straw, which have
low nutritional values and are used as filler material to keep livestock from feeling hungry.
However, in order to obtain animal products from the livestock in desired levels, they should be
fed with quality roughage obtained from forage crop species (Sayar et al., 2010). Bitter vetch is
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highly resistant against adverse environmental conditions, drought and poor soil conditions.
Hence it is cultivated almost in all parts of Turkey as a forage crops for both its high quality
forage and its grains (Serin et al., 1997; Ayan et al., 2006; Kaplan et al., 2014).

Obijective of this study is to determine dry matter yield and forage quality of some promising
bitter vetch (Vicia ervilia (L) Willd) lines in Hazro district, having higher altitude, lower winter
temperatures and more rainy than central of Diyarbakir province.

Material and Methods
This study was conducted for two consecutive growing seasons (2008-2009, 2009-2010) in
farmer’s field of Saricanak village of Hazro district, Diyarbakir, Turkey (38°10'37 N; 40°45'41
E). The study materials consisted of seven promising lines and one control local bitter vetch
population. The genetic materials and their origins are listed in Table 1. The promising lines (G1,
G2, G3, G4,G5, G6) were provided from International Center for Agricultural Research in Dry
Areas, Aleppo, Syria (ICARDA). The bitter vetch lines we used were previously determined to
be promising as the result of trials previously conducted at the GAP International Agricultural
Research and Training Centre (GAP IARTC), Diyarbakir, Turkey. In addition, one line (G7) and
one local population (G8) were used as genetic materials. Since there was not any registered
suitable bitter vetch cultivar in Turkey, we used the local population (G8) as a control cultivar.
The research fields were flat or near flat with very little erosion, and the soil layer had a deep or
medium deep profile, and altitude of the research area was 815 m. The soil analysis of
experimental area showed that, the experimental area soils (0-30 cm) had a clay loam structure,
and were red-brown in color. Furthermore, the soils were rich in terms of calcium (16.45%) and
potassium (520 kg ha™ K,0) contents, whereas organic matter (1.53%), phosphorus (30.5 kg ha™
P,0s) and salt (0.063%) contents were relatively low. Also, due to the high limestone content, the
pH status of the soils was slightly alkaline (pH: 7.67).
The Southeastern Anatolia Region is one of Turkey’s seven census-defined geographical regions,
and is characterized by a continental climate. In this region, summers are dry and hot, whereas
winters are cool and rainy. Rainfall in the region is variable both within and among years. The
experiments were conducted under rainfed conditions during 2008—2009 and 2009-2010 growing
seasons. Monthly average temperature and total precipitation records during the study years, and
the long-term averages, are summarized in Figure 1. The region’s forage and seed yields obtained
from annual legume crops depend greatly on the spring rainfall.
The experiments were conduct