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PREFACE
A Word from the Editor-in-Chief
Dear colleagues,

In your hands are the Proceedings of the 9™ International Scientific Agricultural Symposium
“AGROSYM 2018 held on 4-7 October 2018 in Jahorina, Bosnia and Herzegovina. The
Symposium gathers about 1200 participants from 85 different countries and organizers
received over 1200 abstracts/full papers. Symposium themes covered all branches of
agriculture and were 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) Forestry and Agro-forestry, and 7) Rural Development
and Agro-economy.

In the plenary lectures was presented the importance of new information and communication
technologies for agriculture in the 21% century and biological protection in plant production.
Furthermore, a particular attention was devoted to avoiding knowledge waste through
networking and partnership.

Agriculture has a complex relationship with natural resources and the environment, thus
attributing specific environmental effects to agriculture is difficult and not fully understood.
Today, it is obvious that conventional methods of agricultural production, in addition to
providing sufficient food and other products, have led to a number of negative impacts,
including direct or indirect effects on human health. Excessive use of agrochemicals can
cause various disorders in the biological equilibrium of agroecosystems and beyond. These
negative impacts raise serious questions about long-term sustainability of high-input
agriculture. Measures to protect soil and water in agriculture include comprehensive and
complex undertakings and pre-planned measures. These problems are a constant reason for
‘popularisation’ of all ecological trends in agriculture (e.g. organic agriculture, permaculture,
biodynamic agriculture, conservation agriculture, regenerative agriculture, integrated farming,
agroecology, etc.). Meanwhile, there are also calls for a genuine, deep transformation of agro-
food systems that goes beyond ‘ecologisation’ of agricultural production. All these
developments in agricultural research field, as well their implications on farmers’ fields, were
discussed during the 4 days of AGROSYM 2018.

All papers included in the Proceedings were peer-reviewed. Full texts of the accepted
contributions are  available in electronic form on AGROSYM  website
(http://agrosym.unssa.rs.ba).

I hope that the Proceedings will be useful to many agriculturalists and to those engaged in
related fields and enable better collaboration of scientists, researchers and producers.

Many thanks to all the authors, reviewers, session moderators and colleagues for their help in
editing the Proceedings “AGROSYM 2018”. Special thanks go to all co-organizers for their
unselfish collaboration and comprehensive support.

East Sarajevo, 07" October 2018

p \p e

Prof. Dusan Kovacevié¢, Editor-in-Chief
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Abstract

Concentrate oat is a very important such as forage crop for animals and food for people. It is a
plant with a very wide spreading range and with a high degree of eligibility to ecological
conditions. Oat is a crop with high protein content, carbohydrates, fats, vitamins and other
mineral elements, which make it a high-value biological food especially for animals but also
for humans. It compose the food base for many ruminant animals as there is a balanced
content of the main nurient elements. But recently it is being successfully used as human food
by replacing other cereals and this has actually become a tradition as it is a healthy, balanced,
and high-value biological food. The oat represent a high agronomic performance compare to
many other cereals till it is a plant that plays an important role in cereals cultivation
technology, such as plant rotation, plant mixtures and as the main single crop cultivation. It is
a resistant plant to biotic and abiotic stresses and as such exhibits good adaptability to climate
and soil conditions and to climate change. Today when society has become more vulnerable
to environmental problems, a change in the situation of the agriculture sector and
sustainability is more than required. An important factor in actual situation is the change in
the structure of cultivars. But despite the importance of this crop, the collection of cultivars in
production in Albania is relatively poor, although a large number of hybrids with high
production potential have entered from other countries. The objective of this study was to
compare differnet oats cultivars as “Kémishtaj” and “Lushnja x Kamza”, native cultivars and
some other cultivars coming from some Western countries as “Mansholt I”, “Makte Haver
Oversalt”, “Torpan” and “Bendo” (Holland); “Abed Minor” (Denmark) and “Argus”
(Sweden), which are widespread in production in these countries and have been successful in
various environmental conditions for their biomorphological aspects, food quality, production
levels, adaptation abillity, resistance and resilience. This study evidence that the “Kémishta;j”
cultivar has yielded an average of 2,55 t/ha™, the “Torpan” cultivar 2,5 t/ha™ and “Argus”
and “Abed Minor” yielded respectively 2,3 t/ha™ and 2,1 t/ha™, which shows that they are
well adapted to the conditions of Albania and can be successfully used in the production.

Keywords: oat (Avena Sativa L.), cultivars, productivity, hybride, adaptation

Introduction

Oat (Avena Sativa L.) is a crop that is part of cereals group even it is cultivated cultivated less
than the others. It is a herbaceous plant belonging to the graminaceae family. From the large
number of its species in cultivation there are found only two species Avena Sativa L. and
Avena Byzantina L. (Suttie et al., 2004). Te oat is cultivated at ancious time. It is cultivated in
Egypt and in Europe. According to De Candolle (1883) the cultivated cultivated originated
from Europe. Vavilov had found many varieties of A. Sativa in Mongolia and in China
(Vavilov 1920-1940).

Oat is widely cultivated all over the world, even though there has been a decrease in the
cultivated area and its production over the years. The main production country's is the EU
with 7,999 thousand tons followed by Russia with 4,027 tons and then Canada 2,812 tons
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compare to 21,391 thousand tons of total worlds production (USDA, United States
Department of Agriculture, 2013). Researchers have identified the oat as a healthy diet crop
for humans and animals (McDonald et al., 1992). It is cultivated mainly as forage crop for
cattle nutrition which is used as concentrated food for animals or as a biomass for direct
grazing (Suttie et al., 2004) since it is considered as high-quality food for livestock animals
(Givens and Brunnen, 1987).

During recently years are the society is changed nutritional behaviors and the oat has
tremendously increased for widely used as a dietary diet for human, thanks to the balanced
content of its elements. It is highly valued for its nutritional values in human nutrition
(Redaelli et al., 2005).

Oat is rich in protein (15-24%), fats (9%), fibber (12%) and carbohydrates. It contains many
mineral salts such as calcium, potassium, magnesium and iron. This makes it successfully
used as food for people in order to regulate their metabolic processes. (Bellato, 2013). It is
considered as a food with potential free gluten content and is used in the diet of some people
(Sadiq Butt et al, 2008; Koskinen et al., 2009). It is used in food processing products such as
flakes, biscuits, breads and extracts of oils used in the pharmaceutical and cosmetic industries
(Valentine, 1990, 1995). Oat it is used also in distillation of whiskey (Viggiani & Pezzi,
2002).

In cultivation technologies, it can be cultivated as a simple culture or in combination with
other crops. For this reason in the structure of forage crops for fodder or green mass
production it occupies an important place especially in the agricultural crop circulation. This
is due to the fact that in comparison with other cereals it has a great mass increase in its
abilities (Baldoni et al., 2000).

In recent years it is ncreased the demand for the qualitative oat seeds production based on the
increase of oat cultivation surfaces. Also the demand from farmers for new cultivars with high
grain quality and biomass production has increased extremly. This demand can be achieved
through genetic improvement or selection, although recently on genetic improvement
programs it is working more to get higher amounts of protein (Peltonen et al., 2004).

In account to the large number of cultivars used today in the world, such as “Mansholt 1",
“Nakte Haver”, “Overasalt”, “Torpan”, “Bendo”, “Abed Minor” and “Argus” etc. in Italy,
“Argentina”, “Alcudia”, “Genziana”, “Primula Bioda”, “Corneil”, “Donata”, “Fulvia”,
“Hamel”, “Tenebra”, “Teo DB40” (Redaelli et al., 1999; 2013). The oat varietal structure in
Albania is poor, since its cultivation are is not large and the “Kémishtaj” and “LxK” cultivars
are the main ones.

In recent years have been introduced hybrid cultivars from overseas which have been studied
in advance in the collection trails for different indicators and in particular those of production.
Hybrid cultivators produce more, but they do not have the characteristics of traditional
cultivars such as nutrient content, resistance to pests and diseases, especially for climatic
fluctuations.

Based on some features and indicators, some cultivars have been distinguished from their
testing in collection trails because they have interesting indicators for production as well as
they are high productive and are resistant to crashes.

These new cultivars for our country, before being recommended for spreading in production,
must be subjected to competitive trails (putting them into evidence of zoning comparison).
From the preliminary work in the collection trails, the following cultivars have been
distinguished: “Mansholt 1”, “Nakte Haver”, “Overasalt”, “Torpan” and “Bendo”
(Netherlands), “Abed Minor” (Denmark) and “Argus” (Sweden) which have been put
together in comparative trail together with two cultivars made in Albania, “Kemishtaj” and
“LxK”. In the comparative trail, two other cultivars have been added, one produced in the
country (“MVS” 2008), which is spreaded and is cultivated in the southern area of Albania
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and the other from Macedonia (“MMS”, 2008). These two cultivars are not studied before for
the conditions of the Albanian coastal area.

The main purpose of this research has been the testing of cultivars genetically differencies to
look also at the genotype response and on the evaluation of the best cultivars for the
production and sustainability indicators to be recommended for the improvement of the
varietal structure that is actualy in cultivation in Albania acording to different pedoclimatic
Zones.

Material and Methods
The experiment was set up in the Experimental Base of Center for Agriculture Technology
Transfer of Fushe Kruje. The soil type is aluvional light ash brown. The experiment was set
up in 8 variants and 4 replicas, according to the randomized block scheme. Each variant
represents a cultivar and the size of each variant was 10 m? as follows:

V1 — “Kémishtaj” Cultivar (Local)

V2 — “Lushnja x Kamza” Cultivar (Local)

V3 — “Mansholt I’ Cultivar (Holland)

V4 — “Makte Haver Oversalt” Cultivar (Holland)
V5 — “Torpan” Cultivar (Holland)

V6 — “Bendo” Cultivar (Holland)

V7 —“Abed Minor” Cultivar (Denmark)

V8 — “Argus” Cultivar (Sweden)

V9 — “MVS —2008” Local cultivar

V10 - “MMS - 2008 Foreing cultivar

The applied technology is roughly the same as that is used in the common production. The
previous crop has been alfalfa. Land plowing was carried out in October at a depth of 21 - 35
cm. For the preparation of the planting bed were passed twice with discs. In the base fertilizer
is used 400 kg/ha™ granulated superphosphate which is distributed in two layers. About one-
third of the amount is thrown before the plowing and 2/3 before the discs. Planting was done
at the beginning of November, on 05/11/2008 with seed rate of 160 - 180 kg/ha™. Planting is
done by hand, with lines at a distance of 30 cm between rows and the seed was dispersed in
chains way in the row. Drainage: Immediately after oat planting was carried out the drainage
proceedings of the experimental field and the drainage system has been kept functional
during all the oat vegetation period. Additional fertilization: 300 kg/ha™ nitrogen fertilizer
(ammonium nitrate with 32% a.m.) was used three times. The first time was thrown into the
phase of two - three leaves of the fraternal start with the dose of 80 kg/ha™, the second time at
the fraternal full - fledged start phase with 100 kg/ha™ and the third time at the intensive
lifting stage with the dose of 120 kg/ha™. Attention is also paid to fighting weeds. Combating
bad weeds is done through mechanical methods. The harvest is carried out in the full baking
phase and with each variant is performed separately. After tiring and cleaning is done the
weighing individually of each variant of the experiment.

Results and discussion
During the vegetative period, based on the methodology approach the datas were recorded for
the passage of phenological phases (germination, fraternallity, raising, earing, flowering and
maturity). From recording of these data it represent that all cultivars compared do not present
significant changes in the transition of these phases, so all cultivars have the same vegetative
cycle ranging from 196 to 200 days, with small differences of 3 - 4 days.

40



Proceedings of the IX International Agricultural Symposium “Agrosym 2018”

Observations and notess have also kept for the sustainability of low temperatures, falling and
resistence from diseases and pests.

For low temperature stability is done the counting of plants on the trai area before and after
wintering. For the year under study no crops are distinguished for this indicator, as the
minimum temperatures of the year were not in those limits causing damages during their
vegetation.

As for their resistance to plant falling, which is one of the most important indicators in this
trend, (assessment is done from 1% up to 5™ classes) there are evidenced differences between
the cultivars. Thus, the “Kémishtaj” cultivar is the most sustainable one against this
phenomenon. The cultivars sustainability representes also the “Torpan” (Netherlands),
“Argues” (Denmark) and “Abed Minor” (Sweden) cultivars, while the “LxK” cultivar is the
least-resistent from this phenomenon, where the signs of falling were evidenced from the
beginning of the rise and falling arrives till at 4" class.
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Figure no. 1. “Kémishtaj ”Cultuvar (fall “0” class) Figure no. 2. “LxK” Cultivar (fall “3” Class)

In comparative trail are evaluated and other phenotypic indicators such as plant color,
presence of anthocyanin, presence of thistles, panicula and grain color as well as biometric
indicators.

Table no. 1 Biometric Plant Indicators

% Length_ of Seed no. | Weight Weight of

= . Plant length | the main | . i .

g Cultivars in om spike in main of main | 1000 seeds

S (average) | inem spike spike (g) 9

1 Kémishtaj 155 27 210 4.4 22

g | Lushniax 170 35 120 2.4 20
Kamza

3 Mansholt | 165 27 160 3.2 20

4 | Nakte Haver 180 38 180 35 19.5
Oversalt

5 Torpan 155 30 180 3.9 22

6 Bendo 160 30 140 2.8 20

7 Abed Minor 170 32 180 4.1 23

8 Argus 165 32 170 3.9 23
Average 165 31.37 167.5 3.52 21.18
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Referring to the data we conclude that all the tested cultivars, based on the absolute weight,
are part of the oats group with small seeds and that compared with cultivation oat cultivars
studies conducted in other nearby countries (ltaly) where the absolute weight is 33.0 g
(Redaelli et al., dal 2002 al 2013). Among the tested cultivars there are differences in their
absolute weight. Referring to the data of the table above, we conclude that all the tested
cultivars, starting from their absolute weight are part of the oats group with small seeds.
However, among the tested cultivars there are differences in their absolute weight. In general,
there is a correlation linkage in terms of the number grains in the paniculas, the weight of the
main spike and their absolute weight, with the yield for each cultivar. Thus, cultivars with a
greater number of grains in the main spike and the greater absolute weight result with higher
yield per surface unit.

The length of the main plant it is an important indicator for the oat crop, which also affects
into its fall resistance. Thus generally short-to-moderate legth cultivars are more resistant to
fall than the tall cultivars. Thus the cultivars of the “Kémishtaj”, “Torpan” and “Argues”,
which are shorter than the other tested cultivars are more resistant to the falling phenomenon.
However, they are longer compared to some cultivars in nearby countries as Italy where the
average length goes to 107 cm (Redaelli et al., dal 2002 al 2013), in Slovenia 147.8 cm and
Morocco 144.1 cm (Toshinobu Morikawa, et al. 2016), from 165 cm that are the tested
cultivars.  Regarding qualitative indicators such as plant color at different stages of
vegetation, the presence of anthocyanin, the presence of flips, the paniculate shape and the
grain color, the cultivars tested are peresented with significant variation. Thus, for cultivars,
“Kémishtaj”, “Torpan”, “Bendo” and “Mineral Abt” the color of the plant is dark green, for
“LxK”, “Nakte Haver” cultivars the plant color is common green into light one, while for the
cultivars “Mansholt I” and “Argus” it is common green. The presence of flips is found in
“LxK” and “Nakte Haver” cultivars. In terms of grain color it is evidenced the yellowish-
white such as “Mansholt 1” and “Bendo” cultivars, yellow as “Kémishtaj”, “Torpan” and
“Argus”, yellow in brown into “Abed Minor” and “LxK” cultivars.

The variation is also visible in the form of panculas. The “LxK” cultivar (photo no.3) has an
open panicula with almost straight edges. The “Kémishtaj” cultivar (photo no. 4) has flagged
panicula, “Argus” and “Abed Minor” cultivars (photo no. 5) have right panicula with a bushy
twist.

Figure no. 3. Type of panicula on “Kemishtaj”, “LxK” and “Argus” Cultivars

The most important test indicator that is evaluated during the zonal test is the realized
production per surface unit (yield).
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Table no 2. Realizyed yield for each cultivar (t/ha).

Repetitions Variants Average

Cultivars/Variants I I i v amount Yield

(9/ha)

Kémishtaj (V1) 2.45 2.6 2.5 2.65 10.2 2.55
Lushnja x Kamza (V>) 1.3 1.1 1.15 1.25 4.8 1.2
Mansholt I (V3) 1.75 1.8 1.6 1.65 6.8 1.7
Nakte Haver Oversalt (V4) 1.9 1.85 1.95 1.9 7.6 1.9
Torpan (Vs) 2.6 2.5 245 2.45 10.0 2.5
Bendo (Vs) 1.75 1.9 1.9 1.85 7.4 1.85
Abed Minor (V7) 2.15 2.2 2.3 2.15 8.8 2.2
Argus (Vs) 2.4 2.25 2.3 2.25 9.2 2.3
“MVS —2008” (Vo) 1.85 1.8 1.75 1.8 7.2 1.8
“MMS — 2008 (V10) 2.05 1.95 2.2 2.2 8.4 2.1
Sum/R 2.02 | 19.95| 20.1 20.15 80.4 2.01

DMV for 0.05=1.518; 0.01=2.06

From statistical data processing, the factual F value for repetitions is smaller than the
theoretical F values, for both levels of propiability. This shows that soil fertility has not
affected the variability of the experiment. The factual F value for variants is greater than the
theoretical F values for both propiability levels. This indicates that the changes in the
experiment is the effect of the variants, ie the test cultivars or the factor being put into study.
Comparison of the data in Table no. 2 shows that the highest production indicators have the
cultivars of “Kémishtaj” with 2,55 t/ha?, “Torpani” with 2,5 t/ha’t and “Argus” and “Abed
Minor”, which have respectively 2,3 t/ha™ and 2,2 t/ha™*; even though with lower production
than the data coming from studies conducted in other countries (3,97 t/ha™) from the
conventional systems in Latvia (Ingver A. et al.,2008); or (4,50 t/ha™) in close countries as
Italy (Redaelli et al., dal 2002 al 2013), but with significative different ecological conditions.
We point out that the climate conditions of the test year were not adequate according to the
oat biological requirements. The period of panicula until full ripening is accompanied by
numerous rainfall and strong winds. These factors have negatively affected for the achieved
yields by the cultivars and their falling rate. This is also argumented by comparing with of the
oat biological production capacity.

Conclusions
Testing of new cultivars to spread them in the production under the conditions of poor oat
strucure cultivars in Albania is a question of imediate necessity.
From cultivar testing it result that the “Kémishtaj” cultivar represents higher productivity
indicators with average yield of 2,55 t/ha™, followed by “Torpan” cultivar with a yield of 2,5
t/ha and then followed by “Argus” and “Abed Minor” cultivars with yields of 2,3 t/ha™* and
2,1t/ha™.
The production levels of these cultivars are good for the conditions of Albania but are below
the average of other countries.
In cultivation testing, the pedoclimatic conditions should be carefully evaluated as they affect
production indicators, sustainability and other quality indicators of cultivars.
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The above-mentioned cultivars with good quantitative and qualitative indicators should be
recomended for the Mediterranean field area of Albania, since they enrich the varietal
structure of oat cultivars.

The introduction into cultivation practice of these cultivars will enable the expansion of the
cultivated area and will increase its production potential as one of the most important cereals
for human and animal feed.
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Abstract

The aim of our work was to research the influence of agro-ecological factors on quality of
nectarine during 2015 and 2016. We conducted research on three different locations in
Herzegovinian area. On the locations Stolac, Mostar and Capljina, we researched plantations
of two nectarine cultivars Big Top and Caldesi 2000. The content of ash, dry matter, total
acidity and the content of total sugar in nectarine fruit showed statistically important
differences compared with years and locations of studied cultivars. The cultivar Big Top had
the highest value of dry matter and total acidity on the location of Stolac (15,14 and 0,72%,
respectively) The highest content of ash was on the location of Mostar (1,61%), and the
highest value of total sugar was registered on the location of Capljina (11,99%). The values of
all the tested parameters were higher in 2015 compared to 2016. The sort Caldesi 2000 had
the highest value of dry matter on the location of Stolac (12,92%). The highest value of ash
and the total sugars were registered on the location of Mostar (0,66 and 10,6%, respectively).
The highest value of total acidity was registered on the location of Capljina (1,2%) and the
highest value of the total sugar was registered on the location of Mostar (10,6%). As far as
the location is concerned, the Caldesi 2000 cultivar is more suitable for the Mostar area. At
locations of Stolac and Capljina both cultivars are suitable for breeding.

Key words: nectarine, fruit quality, Big Top, Caldesi 2000.

Introduction

Nectarine is subsort of peach, it has got smooth skin and that is actually difference between
peach and nectarine. By crossing and mixing different sorts, we can get nectarines that have
the same size as usual peaches, they are also red and they are very sweet as well. Their taste is
stronger than the taste of usual peaches. They are important part of daily diet, they have low
energy values, a variety of natural sugars, as the source of antioxidant. The Herzegovinian
area is very good for growing nectarines, and they are often consumed during summer time.
We chose two sorts Big Top and Caldesi 2000, in order to define quality based on chemical
parameters of their fruit. We can evaluate the nectarine fruit using different methods. The
methods used in the research are the following: chemical analysis (chromatography values of
nectarines fruit), taste or sensory attributes, including fruit analysis (color, texture, juiciness)
and organoleptic values of nectarines fruit, and physical values as well (Robertson and
coworkers, 1989).

Material and Methods
The field experiment was carried out in the plantation of nectarines in the area of Capljina,
Stolac and Mostar. All experimental researches related to physical and chemical content of
nectarines fruit have been done on the sort Caldesi 2000 and Big Top. We did this research
during two vegetations: in 2015 and in 2016. Chemical analysis of nectarines fruit were done
in Federal Institute for Agriculture Sarajevo. Following chemical parameters were researched:
ash content, dry matter, content of total acid, and content of total sugar. Total sugar content
was determined by volumetric method by "Luff - Schrool".
Total acidity was determined by potentiometric titration with sodium hydroxide solution
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In this paper, the drying method was used at the temperature of 105 ° C. This procedure
determines the remainder of the sample after drying at 105 ° C to constant mass. The
statistical significance of the quantitative values is determined by Fisher's model of the
variance analysis (ANOVA) of the two factorial experiment using a F test for P <0.05 and P
<0.01

Fertilization and protection on researched areas

For meliorative fertilization (before planting) as the following fertilizers were used: NPK 8-
26-26, NPK 10-30-20, NPK (SO3) 5-20-30 S (26) (Florin 1), NPK 7-20-30, NPK 6-18-36 i
NPK (MgO) 8-16-24. In basic fertilization, we apply fertilizer with less nitrogen and more
phosphor and potasium, The programs of protection and fertilization after planating are
shown in the tables 1, 2 and 3.

Table 1. Fertilization and protection in the Mostar area

2015 and 2016 Fertilization Plant protection
January NPK (MgO) 8-16-24, /
800 kg/ha
February / Nordox 3x 2kg/ha
March / Chorus (200g/ha)+Karate zeon (150ml/ha) and
Karate (150ml/ha)+Daconil (21/ha)
April NPK 20-20-20 Chorus (200g/ha)+Delan i Dithan+Calypso

During 2015, in the area of Capljina, there was no need for fertilization, because the soil had
enough required elements.

Table 2. Fertilization and protection in the area of Capljina

2015 and 2016 Fertilization Plant protection
January NPK (MgO) 8-16-24, 800 Bordovska ¢orba
kg/ha
February / Chromodin+Confidor+Luna
Experience
March / Captan 50+Mospilan 20 SP
April
May / Captan 50+Mospilan 20 SP

Table 3. Fertilization and protection in the area of Stolac

2015 and 2016 Fertilization Plant protection
January NPK (MgO) 8-16-24 (700 3% solution of bluo gal and lime
kg/ha)
March Merpan+Kubik Plus+Karate zeon and
Mospilan 20 SP+Cadillac 80WP+Akord
April NPK 30-10-10 Captan 50+Tonus+Dional 500 SC+Dali
May Affirm+Indar 5 EW+Dithan

Analysis of nectarine fruit

We picked up the fruits from marked threes in all three locations during June and July in 2015
and in 2016. After picking up, fruits were prepared for analysis. We took 50 fruits and we
chopped the fruits up and homogenized them, in order to get three average samples of one
cultivar. In order to show climate conditions, we used weather measurement units from the
Federal hydro meteorological institute in Sarajevo, during both 2015 and 2016. Average
monthly temperature was 15,6° C during 2015, in the area of Stolac. In the area of Mostar it
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was 16,23° C. Average monthly temperature was 15,38° C during 2016 (January-July) in the
area of Stolac. Monthly average of rainfall was 77,31 I/m* during 2015 in the area of Stolac.
In the area of Mostar, monthly average of rain fall was 110,54 I/m? During 2016 (January-
July)monthly average of rainfall were 87,74 1/m?in the area of Stolac, and 140,72 I/m? in the
area of Mostar.

Results and discussion
Based on mechanical content of the soil, we defined texture according to USDA
classification. The type of soil was mostly sandy loam (table 4.).

Table 4. The soil texture according USDA classification

Location/depth(cm) sort Sand % Loam % Ash % Texture
Stolac / 0-30 BT i C 2000* 75 15 10 Sandy loam
Stolac / 30-60 BT i C 2000 73 15 12 Sandy loam
Mostar / 0-30 BT i C 2000 80 10 10 Sandy loam
Mostar / 30-60 BT i C 2000 85 8 7 Sandy loam
Capljina / 0-30 BT 65 18 17 Loam
Capljina / 30-60 BT 61 17 21 Loam
Capljina / 0-30 C 2000 76 13 11 Sandy loam
Capljina / 30-60 C 2000 76 12 12 Sandy loam
BT=Big Top
C 2000= Caldesi 2000

Chemical content of nectarine fruit
The Sort Big Top had the highest content of soluble solids and total acids in the area of Stolac
(15,14% and 0,72%, respectively). The highest content of ash was in the area of Mostar
(1,61%), and the highest content of total sugar was in the area of Capljina (11,99 %). The
highest values were noticed in 2015 (Tables 5 and 6.).

Table 5. Chemical composition of nectarine cultivar Big Top in 2015 and 2016 at locations

Parametar Soluble solid (%) | ash (%) total acid (%) total sugar (%)
2015.
Stolac 10,52413.99 0,01+0,61 0,68+0,72 6,20+7,20
Mostar 12,95+15,14 1,00+1,16 0,43+0,57 4,81+6,74
Cavlii 13,95+14,95 0,58+0,93 0,65+0,68 5,80+6,80
apljina
F test Lsd test F=3,58;P=0,09 F=9,02;P=0,015 | F=17,06;P=0,003 F=1,018;P=0,41
2016.
Stolac 11,58+12,11 0.400,86 0,83+0,96 6,67£10,0
Mostar 12,93+13.46 0.3840.48 0474048 7,18+9,43
Caplji
apljia 12,98+13,33 0,40+0,72 0,40+0,43 9.97+11,99
F test Lsd test F=29,73;P=0,0008 | F=1,03;P=0,41 | F=127,86;P<0,0001 | F=2,97;P=0,12
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Table 6. Chemical composition of nectarine cultivar Big Top at the same locations in two

years
Parametar Soluble solid ash (%) total acid (%) total sugar (%)
(%)

2015.

10,52+13,99 0,01+0,61 0,68+0,72 6,20+7,20
Stolac
2016.
Stolac 11,58+12,11 0,40+0,86 0,83+0,96 6,67+10,0
F test Lsd test t=0,05; p=0,96 t=1,43; p=0,22 | t=4,69;p=0,009 t=1,53; p=0,2
2015. 12,95+15,14 1,00+1,16 0,43+0,57 4,81+6,74
Mostar
2016.

12,93+13,46 0,38+0,48 0,47+0,48 7,18+9,43
Mostar
F test Lsd test t=1,49; p=0,21 | t=4,34;p=0,012 t=0,72; p=0,5 1=2,85;p=0,046
2015. 13.95+14.95 0,58+0.93 0,65£0,68 5,80:£6,80
Capljina
2016. 12,98+13 33 0.4040.72 0.40+0.43 9.97+11,99
Capljina
F test Lsd test t=3,5; p=0,025 t=0,84; p=0,44 | t=18,24;p=<0,0001 t=6,09;p=0,0037

In 2015 we noticed that there was not important difference in the content soluble solid, when
we compared all three researched locations (F=3,58; p=0,09). In 2016, the soluble solid in the
sort Big Top was bigger in the areas of Mostar and Capljina when we compared it with the area
of Stolac (F=29,73; p=0,0008). There was not statistically important difference in the total
content of soluble solid in the sort Big Top in the area of Stolac, when we compared both years
of our research (t=0,05; p=0,96). There was no statistically important difference in total
content of dry matter in the sort Big Top in the area of Mostar, in both years of our research
(t=1,49; p=0,21). Total content of dry matter in the sort Big Top, in the area of Capljina, was
statistically higher in 2015 (t=3,5; p=0,025).

Total content of ash in the sort Big Top in 2015 was statistically higher in the area of Mostar,
when we compared it with areas of Stolac and Capljina (F=9,02; p=0,015). There was not
statistically important difference in total content of ash in the sort Big Top in 2016, when we
compared all areas of our research (F=1,03; p=0,41). There was not statistically important
differences in total content of ash in the sort Big Top in the area of Stolac, when we compared
both years of our research (t=1,43; p=0,22). Total content of ash in the sort Big Top, in the area
of Mostar, was statistically higher in 2015 (t=4,34; p=0,012). There was not statistically
important difference in total content of ash in the sort Big Top in the area of Capljina, when
we compared both years of our research (t=0,84; p=0,44).

The content of total acid in the sort Big Top was statistically higher in the area of Stolac and
Capljina, when we compared with the area of Mostar in 2015 (F=17,06; p=0,003). The content
of total acid in the sort Big Top was statistically higher in the area of Stolac, when we
compared it with the area of Mostar and Capljina in 2015 (F=127,86; p<0,0001). The content
of total acid in the sort Big Top in the area of Stolac was statistically higher in 2016 (t=4,69;
p=0,009). There was not statistically important difference in the content of total acid in the sort
Big Top in the area of Mostar when we compared with second year of our research (t=0,72;
p=0,5). The content of total acid in the sort Big Top in the area of Capljina was statistically
higher in 2015 (t=18,24; p=<0,0001).

There was not statistically important difference in the content of total sugars in the sort Big Top
in 2015, when we compared areas of our research (F=1,018; p=0,41). There was not
statistically important difference in the content of total sugar in the sort Big Top, in 2016 when
we compared the areas of our research (F=2,97; p=0,12). There was not statistically important
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difference in the content of total sugar in the sort Big Top in the area of Stolac when we
compared both years of our research (t=1,53; p=0,2). The content of total sugar in the sort Big
Top in the area of Mostar was statistically higher in 2016 (t=2,85; p=0,046). The content of
total sugar in the sort Big Top in the area of Capljina was statistically higher in 2016 (t=6,09;
p=0,0037).

Chemical content of nectarine fruit of the sort Caldesi 2000

The sort Caldesi 2000 had the highest value of dry matter in the area of Stolac (12,92%), the
highest value of ash in the area of Mostar (0,66%), the highest content of total acid in the area
of Capljina (1,2%) and the highest content of total sugars in the area of Mostar (10,6%). The
highest value of ash was in 2016, and all other values were the highest in 2015. The values of
our parameters in both years of our research are shown in the tables number 7 and 8, bellow
the text.

Table 7.Chemical composition of nectarine cultivar Caldesi 2000 in 2015 and 2016 at

locations
Parametar Soluble solid (%) | ash (%) total acid (%) total sugar (%)
2015.
Stolac 11,50£12.92 0,43+0,53 0,58+0,67 5,80+8,60
Mostar 11,70£11.97 0,37+0,66 0,54+0,60 5,80:£10,60
Sanlii 10,32+12,37 0,40+0,61 0,70+0,72 6,80+8,60
apljina

F test Lsd test F=1,47; p=0,3 F=0,51; p=0,62 | F=12,88;p=0,007 F=0,34; p=0,72
2016.
Stolac 9,31+9,74 0,31+0,39 0,93+1,03 4,78+5.27
Mostar

10,35410,56 0,39+0,52 0,62+0,93 6,68+6,71
Capljina 8,69+8,91 0,27+0,32 0,88+1,20 8,69+8,93
Frestbsdest | £277,16;p<0,0001 | F=557;p=0043 | F=580;p=0038 | > 02oP=00

Table 8. Chemical composition of nectarine cultivar Caldesi 2000 at the same locations in two

years
Parametar Soluble solid (%) ash (%) total acid (%) total sugar (%)
2015. 11,50+12,92 0,43+0,53 0,58+0,67 5,80+8,60
Stolac
2016.
Stolac 9,31£9,74 0,31+0,39 0,93£1,03 4,78+5,27
F test Lsd test t=5,97;p=0,004 t=1,7; p=0,16 t=8,44;p=0,001 | t=2,39; p=0,07
2015.
Mostar 11,70+11,97 0,37+0,66 0,54+0,60 5,80+10,60
2016.

10,35+10,56 0,39+0,52 0,62+0,93 6,68+6,71
Mostar
F test Lsd test t=12,65;p=0,0002 t=0,83; p=0,45 t=2,24; p=0,08 | t=1,08; p=0,34
%015.'. 10,32+12,37 0,40+0,61 0,70+0,72 6,80+8,60
Capljina
2016.
- 1 8,69+8,91 0,27+0,32 0,88+1,20 8,69+8,93
Capljina
F test Lsd test t=3,41; p=0,027 t=0,2,31;p=0,08 | t=2,83;p=0,047 | t=2,03; p=0,11
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In 2015, there was not important difference in the content of soluble solids, when we
compared researched areas (F=1,47; p=0,3). Total content of dry matter in the sort Caldesi
2000 was statistically higher in the areas of Mostar and Stolac, when we compared it with the
area of Capljina (F=77,16; p<0,0001). Total content of dry matter in the sort Caldesi 2000 in
the area of Stolac was statistically higher in 2015 (t=5,97; p=0,004). Total content of dry
matter in the sort Caldesi 2000 in the area of Mostar was statistically higher in 2015 (t=12,65;
p=0,0002). Total amount of dry matter in the sort Caldesi 2000 in the area of Capljina was
statistically higher in 2015 (t=3,41; p=0,027).

There was no statistical difference in total content of ash in the sort Caldesi 2000 in 2015,
when we compared three researched locations (F=0,51; p=0,62). Total content of ash in the
sort Caldesi 2000 in 2016 was statistically higher in the area of Mostar, when we compared it
with two other researched locations (F=5,57; p=0,043). There was not statistically difference
in total content of ash in the sort Caldesi 2000 in the area of Stolac, when we compared both
years of our research (t=1,7; p=0,16). There was not statistically important difference in total
content of ash in the sort Caldesi 2000 in the area of Mostar when we compared years of our
research (t=0,83; p=0,45). There was not statistically important difference in total content of
ash in the sort Caldesi 2000 in the area of Capljina, when we compared both years of our
research (t=2,31; p=0,08).

Content of total acid in the sort Caldesi 2000, in 2015, was statistically higher in the area of
Capljina, when we compared it with researched area of Mostar (F=12,88; p=0,007). Content
of total acid in the sort Caldesi 2000 in 2016 was statistically different in the area of Capljina,
when we compared it with the researched area of Mostar (F=5,89; p=0,038). The content of
total acid in the sort Caldesi 2000 in the area of Stolac was statistically higher in 2016
(t=8,44; p=0,001). The content of total acid in the sort Caldesi 2000 in the area of Mostar was
not statistically different when we compared both years of our research (t=2,24; p=0,08). The
content of total acid in the sort Caldesi 2000 in the area of Capljina was statistically higher in
2016 (t=2,83; p=0,047).

The content of total sugars in the sort Caldesi 2000 in 2015 was not statistically different
when we compared researched areas (F=0,34; p=0,72). The content of total sugars in the sort
Caldesi 2000 in 2016 was statistically higher in the area of Capljina, when we compared two
other researched locations (F=378,28; p=0,0001). There was no difference in the content of
total sugars in the sort Caldesi 2000 in the area of Stolac, when we compared both years of
our research (t=2,39; p=0,07). There was not statistically difference in the content of total
sugars in the sort Caldesi 2000 in the area of Mostar, when we compared both years of our
research (t=1,08; p=0,34). There was not statistically important difference in the content of
total sugars in the sort Caldesi 2000 in the area of Capljina, when we compared both years of
our research (t=2,03; p=0,11).

According to Bulatovi¢ (1992) nectarine fruit contains 4-13% sugar, 0,2-1,5% acid, 0,2-0,8%
pectin matter, 0,5% mineral matter (especially K, Ca, and P), 3-20 mg% ascorbic acid (vitamin
C), while the content of other vitamins is at about 1 mg%. Misi¢ P.D. (1994) highlights that
nectarine fruit contains water (87%) and dry matter (13%), and that is organic matter
(carbohydrates, organic acid, proteins, lipids and many others), and inorganic matter and
biogenic elements. According to Ninkovski (1984) structure of sugars in nectarine fruits is
following: the highest content of saccharine is at about 7,34% from the whole content of fruit,
in the 100 g, there is 2,15 g of glucose, and there is the lowest content of fructose (fruit sugar),
there is at about 0,44 g in the whole content of 100 g of nectarines mesocarp. Wills et al.
(1983) highlight that in nectarine fruit, the most important is saccharine (54-75%), fructose (3-
25%), glucose (9-21%) and sorbitol (4-11%) in the whole content of sugars. According to
Byrne et al.(1991) the most common organic acid in fruits are malic acid, citric acid and
quinolic acid. According to Wills et al.(1983) the content of organic acid is eight times lower
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than the content of sugars. Even if the content of acids is not that high, they are important for
the taste of fruit. Ninkovski (1984) highlights that citric acid and malic acid are dominant in
nectarines fruit, and after them there is ant acid and valeric acid. According to Colari¢ et al.
2004) there is content of total sugar in the nectarine sort Spring red from 67,50 g/kg, and
content of total acid from 12,55 g/kg. Content of total sugar in the sort Venus was 91,96 g/kg,
and content of total acid was 11,50 g/kg. In his research of peach (Prunus persica L.), Baki¢
(2016) told that total content of acid was 0,32- 1,07% in 2012 and from 0,40% to 1,02%, and
content of total sugars from 11,10-18,84%.

Conclusion
At the location of Mostar, the cultivar Caldesi 2000 has been proven to be better in terms of the
higher content of total acids and total sugars. Cultivar Big Top at Stolac had a higher soluble
solids and higher total sugars content.
At the location of Capljina, the Caldesi 2000 has a higher content of total acids, and the Big
Top variety has a higher content of soluble solids.
It can be concluded that both cultivars have a good chemical composition and no major
deviations from similar investigations. As far as the location is concerned, the Caldesi 2000
cultivar is more suitable for the Mostar area. At locations Stolac and Capljina both cultivars are
suitable for breeding.
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Abstract

Tomato is the second most consumed vegetable in the EU and a major dietary source of many
nutrients, vitamins and antioxidants.Tomato is a rich source of lycopene, B-carotene, o-
tocopherol, phenolic components, the necessary minerals, primarily potassium and carboxylic
acids including ascorbic, citric, maleic, fumaric and oxalic in human diet. Demand for organic
tomatoes is increasing due to its nutritious value.Lycopene concentration of in tomato samples
was determined by spectrophotometric method. The results showed that the lycopene content
of in the Matias hybrid ranged between 5.42 mg/100g (conventional production) to 5.55
mg/100g (integrated production).The lycopene content in the Sakura hybrid ranged in
between 6.30 mg/100g (conventional production) to 6.56 mg/100g (integrated
production).The results obtained showed significant statistical differences in lycopene content
of Matias varieties which was higher on the ones grown at the location Pocitelj
brdo(6.17mg/100g) compared to Butmir(5.48mg/100g). Variety Sakura also had significantly
higher values determinetaed the location Pocitelj brdo(6.80 mg/100g) compared to the same
variety at the location Butmir(6.43mg/100g).

Keywords: Tomato,Lycopene, Production systems, Agro-ecological conditions.

Introduction
In recent years there has been a dramatic increase in the availability of scientific publications
about the role of fruits and vegetables in human health. Tomato is the second most consumed
vegetable in the EU and a major dietary source of many nutrients, vitamins and antioxidants.
Tomato is recommended for strengthening the body defense system but also for good diet
because it is nutritious and low in calories. Over the last decade lycopene has been singled out
as a significant factor in the prevention of chronic diseases.
Much attention has been focused on oxidative stress-induced cellular damage which is
recognized as leading factor for of chronic diseases. Antioxidants play an important role in
reducing the harmful effects of oxidative stress. Free radicals can bee removed from the body
by using high amounts of lycopene. Tomatoeisrich in this important antioxidant due to its
luxurious red colour. Our body cannot produce lycopene. Except in tomato, lycopen is found
in the watermelon, pink grapefruit and papaya.
Numerous epidemiological studies have shown that dietary intake of food rich in lycopene
can reduce the incidence of some types of cancer, including prostate, breast, lung, and colon
cancer, coronary artery disease, hyperglycemia, cataracts and macular degeneration. (Lopez et
al., 2007;Bohm, 2011).Beside this red coloured carotenoid, other ingredients of tomatoes (e.g.
ascorbic acid, folic acid, phenolic compounds) may also be responsible for beneficial effects
(Bohm, 2011).
Tomato is a rich source of lycopene, B-carotene, a-tocopherol, phenolic components, the
necessary minerals, primarily potassium and carboxylic acids including ascorbic, citric,
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maleic, fumaric and oxalic in human diet. Some of these tomatoes compounds have
antioxidant activity (Gastélum-Barrios et al., 2011.)

Some of these elements such as sodium, potassium, magnesium, copper, zinc and iodine in
tomato can reduce the risk of cardiovascular disease, and the organic acid contributes to the
securing of the base of ballast acid in the body. Tomato has an effectiveinfluence on the
human health. Consumption of tomatoesand its products (ketchup, pasta) prevents
development of tumors in the digestive tract and prostate cancer (Caris-Veyrat et al., 2004).
Today, tomato is the part of prevention as well as help in treating the most common diseases
of modern humanity. This has caused increased interest of consumers for organically
cultivated tomatoes, including those produced in greenhouses. The task of producers and
manufactures is to provide sufficient quantities of healthy and safe tomatoeproduct with
complete information for the consumers about when, where and how it is produced.
According to Periago(2011) the results indicate that lycopene content depends on the
maturation stage of tomatoes, showing the highest amounts can be obtained in full red stage.
After a 10-year research of the chemical composition of tomatoes from the organic production
compared with the ones grown of the integral and conventional production systems Mitchell
(2007) came to the conclusion that organic tomatoes contained twice as many antioxidants-
flavonoid and significantly more lycopene (quercetin, kamferol and naringenin) that help in
the prevention of high blood pressure and also reduce the likelihood of heart disease and
stroke. These researchers claim that flavonoids may help in curingsome forms of cancer and
dementia. If in the 3-weekly diet 30 g of ketchup or 400 ml of tomato juice a day are
included, total cholesterol levels reduces by 5.9%, while the level of LDL decreases by
12.9%.

Tomato is an excellent product in the improvement of health because, in addition to the
abovementioned facts, it also contains a balanced mix of elements (K, Fe) and antioxidants
including vitamins C and E, lycopene, B-carotene, lutein and flavonoids. Demand for organic
tomatoes is increasing, mainly because it contains less nitrate and nitrite than the ones grown
under integrated and conventional production systems. Additionally, consumers receive a
product free of pesticides, potentially better taste, not genetically modified and are often
produced in an area that is very close to the consumers.

Material and methods

In order to evaluate the influence of different production systems (organic, integrated and
conventional) and the different agro-ecological conditions on the lycopene content a two
years trial was carried out . The trial was conducted under conditions of moderate continental
climate Butmir-Sarajevo (altitude of 550m) and the terms of sub-Mediterranean climate site
Pocitelj - Capljina (altitude 75m).

The experiments were separately carried out for organic, integrated and conventional
production. All production systems include a common method for the production of tomatoes
in the open (block system). In the conventional production system,we used mineral fertilizer
NPK (100 kg N, 80kg P,05,100 kg K,O per hectare. In this system we used chemical for plant
protection. For organic production we used organic fertilizer (30 tons per hectare). Diseases
and insects were controlled by biological methods. For integral production, we used combined
fertilizer and protection measures.

The experiment was set by random order in five repetitions. The size of the experiments
parcel was 4.2 m®.The distance between the plant was 80x50cm.

The concentration of lycopene on a sample of 5 plants of each variant experiment was
determined by spectrophotometric method in the laboratory of the Federal Institute for
Agriculture Sarajevo.In order to obtain information on the concentration of lycopene in a
sample, provided is a spectrophotometric analysis of a sample of pure lycopene (standards)
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(Shi at all.,1999., Shi and Le Maguer, 2000., Lovri¢, 1970., Mencarelli and Saltveit, 1988.,
Tan and Soderstrom, 1988.).
Statistical analysis of the results was determined by analysis of variance. Rating particular
significance studied factors and their relationship tested based on the LSD test for significance
level of 1% and 5%. Processing of the data obtained in the research is presented in tables and
graphs.

Climatic characteristics
The average monthly temperatures at Butmir in 2012 were the highest in July 23.5(°C), and
the lowest in February was -4.7(°C) . During 2013, the average monthly temperature at the
Butmira site was highest in August, 21.7(°C), and the lowest in January 2.0(°C). At the
locality of Pogitelj, the average monthly temperature in 2012 was the highest in July 28.9(°C)
and the lowest in February 1.7(°C). During 2013, the average monthly temperature at the
Pocitelj site was the highest in August, 27.5(°C) and the lowest in January 3.6(°C). (graph 1)
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Graph1.Average monthly air temperatures(°C) during 2012-2013

The highest amount of rainfall in the Butmir site in 2012 was in May (144.9 I/m?) and the
lowest in March (13.0 I/m?). At the site of Pogitelj, the highest rainfall sum in 2012 was in
April (266.6 I/m?), the lowest in March (0.3 I/m?). In 2013, the largest amount of rainfall in
Butmir was in May (136.0 I/m?), while the lowest was in July (27.3 I/m?). At the site of
Pocitelj, the highest precipitation peak in 2013 was in March (386.8 I/m?) and the lowest in
August (35.7 I/m?). (graph 2)
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Graph 2.Monthly precipitations (I/m?) during 2012-2013

Results and Discussion

The content of lycopene in 2012 in different production systems (organic, integrated and
conventional) in a variety Matias had different values.The highest content of lycopene in
varieties Matias in Butmir was in integral(5.41 mg/100g), then the organic(5.40mg/100g) and
conventional production(5.06mg/100g). So,in an integral and organic system of production is
expressed statistically significant difference, while the concept inrelation to conventional
production showed significant statistical differences.

The highest contentof lycopene in variety Sakura was in the conventional system(6.32 mg/100
g), then the integral(6.30 mg/100g) and organic production(6.28 mg/100g). Statistically
significant differences were revealed in production systems at variety Sakura. However, a
significant difference between the varieties Matias and Sakura were significantly manifested.
Significantly higher yields of lycopene were found in the variety Sakura in all three
production systems. At the location of Pocitelj lycopene contentin 2012 in different
production systems (organic,integrated and conventional) was also different. The content of
lycopene in varieties Matias was the highest in the organic(6.15mg/100g), then the
integral(6.06 mg/100g) and conventional production(5.98 mg/100g). Matias varieties in
different production systems, no statistically significant differences. The highest content of
lycopene in variety Sakura was in the organic system (6.41 mg/100 g), followed by
conventional (6.32 mg/100g) and integrated production (6.32 mg/100g). Statistically
significant differences were revealed in production systems at variety Sakura, nor have
demonstrated a statistically significant difference compared to the sites of production.

Table 1. The content of lycopene in 2012 from different cultivation systems and different
localities (mg/100g)

Variant Location Butmir Location Pocitelj
Matias F; Sakura F; Matias F, Sakura F;
Organic prod. 5.40 6.28** 6.15 6.41
Integrated prod. 5.41 6.30** 6.06 6.31
Convent. prod. 5.06 6.32** 5.98 6.32
LSD 5% 0.09 3.3
LSD 1% 0.13 3.6

56



Proceedings of the IX International Agricultural Symposium “Agrosym 2018”

The content of lycopene in 2013 in different production systems (organic, integrated and
conventional production) at variety Matiashad different values.The highest content of
lycopene in varieties Matias in Butmir was conventional (5.78mg/100g), then the
integral(5.70mg/100g) and organic production(5.57 mg/100g). The demonstrated statistically
significant differences in conventional and integratedin relation to organic production.No
statistically significant differences between conventional and integrated production.

Variety Sakura had the highest content of lycopene in the integral(6.82 mg/100g), then the
organic (6.54 mg/100g) and conventional production (6.29mg/100g). Statistically significan
tdifferences have been revealed in the integral over conventional production and statistically
significant differences in relation to organic production. Variety Sakura exhibited a
significantly statistical difference in all production systems in Butmir in relation to the other
studied cultivars. Content of lycopene(2013) on the location Pocitelj in different production
systems (organic, integrated and conventional production) was different.Matias variety in
different production systems showed no statistically significant differences.The highest
content of lycopene in variety Sakura was in the integral(7.28 mg/100 g), followed by
conventional(7.26 mg/100g) and organic

production(7.22 mg/100g).Recently,differences and variations in the lycopene content in
tomato grown in organic systems versus the conventional way of farming was studied ( Riahi
et al. ,2009.,Barrios — Masias et al.,2011., Riahi and Hdider 2013 )

Table 2. The content of lycopenein 2013 from different cultivation systems and different
localities (mg/100g)

Variant Location Butmir Location Pocitelj
Matias F; Sakura F; Matias F; Sakura F;
Organic prod. 5.57 6.54* 6.33 7.22*
Integrated prod. 5.70 6.82* 6.23 7.28*
Convent. prod. 5.78 6.37 6.29 7.26*
LSD 5% 0.71 0.89
LSD 1% 1.01 1.26

Table 3 shows the influence of locality on lycopene content in tomato fruits Significant
statistical differences in the content of lycopene of varieties Matias are higher at the location
Pocitelj(6.17mg/100g) compared to Butmir(5.48mg/100g).

Variety Sakura also significantly higher values determined at the location Pocitelj(6.80
mg/100g) compared to the same variety at the location Butmir(6.43mg/100g). Results of the
previous researches proved that the concentration of lycopene depends on the vegetation
season, location, variety and degree of ripeness. Besides genetic factors, the content varies
depending on crop management, especially depending on the input of nutrients into the soil
(nitrogen, phosphorus, potassium and calcium) and temperature variations (Garcia and
Barrett, 2006., Dumas et al., 2003., Adeniyi and Ademoyegun, 2012). The content of
lycopene is genetically determined, but is strongly influenced by environmental conditions.

Table3.The effect of locationon the content of lycopene in tomato fruits (mg/100g)

Location Butmir Location Poditelj
Content of lycopene Matias F, Sakura F; Matias F; Sakura F;
5.48 6.43 6.17** 6.80**
LSD 5% 0.23
LSD 1% 0.29
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Conclusions
The analysis of the two-year results determined the significant influence of the site, ie the
agroecological conditions on the value of lycopene:
At the location Butmir in 2012, the highest content of lycopene in the Matias F; was in
integral production (5.41 mg / 100g), and in the Sakura F; in conventional production (6.32
mg / 100g). At the location Pocitelj in the same year, the highest content of lycopene was
recorded in organic production in both varieties examined.
In the second study year (2013) at the location Butmir, the highest content of lycopene in the
Matias F; was in conventional production (5.78 mg / 100g), and in the Sakura F; in integral
production (6.82 mg / 100g). In the same year, at the location Pocitelj, the highest content of
lycopene in the Matias F; was in organic production (6.33 mg / 100g), and in the Sakura F; in
integral production (7.28 mg / 100g).
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Abstract

Commercial production of tomato is based on the use of transplants with a substrate lump
around the root, which is also the most expensive transplant production method. In order to
explore the possibility of growing transplants using a more cost-effective, innovative
hydroponic technology applicable on family farms, a two-factor trial was set according to the
method of completely randomized design (CRD). The research factors, term of putting the
containers on nutrient solution, and substrate volume of a seeding place, were analysed
through three levels. The transplants were grown on substrates of individual seeding place
volumes of 27, 37 and 47 ml in containers placed on nutrient solution immediately after
sowing, after previous germination and when the plants were in the stage of development of
cotyledon leaves. For each type of container, transplants were also grown using the classic
method, which was the control variant. The percentage of well-developed tomato transplants
was greater for the cultivation on nutrient solution in the containers with previously
germinated seeds in comparison with conventionally grown transplants. Also, the transplants
grown on nutrient solution had higher values of analysed growth parameters in comparison
with classic growing. Each of the tested variants had a highly significant effect on stalk
length, diameter and the number of leaves of tomato transplants, while a highly significant
interaction of individual variants was also established for stalk length. The research results
indicated that high-quality tomato transplants could be produced using the growing
technology in floating containers on nutrient solution, which would certainly help in reduction
of transplant production costs for smaller commercial vegetable producers.

Keywords: transplants, tomato, floating containers, nutrient solution

Introduction

Modern production of transplants is carried out in greenhouses; however, more than 70% of
rural producers still produce transplants in hot plots (Paradikovi¢ and Kraljicak, 2008).
Limitations in the possibilities of high-quality soil disinfection are a big problem in this
growing method, which is why a significant part of transplants is ruined by diseases,
weediness and manual weeding increase production costs. Commercial production of tomato
is based on the use of transplants with a substrate lump around the root, which represent a
significant cost item. It is important to choose an appropriate size of individual cell in the
container because there is a direct relationship between it and development of transplants
(Leskovar, 2001). The size of the container is more important than the type of container
(Splittstoesser, 2004) where the volume of substrate is a key factor influencing not only
growth but also overall yield and quality (Jankauskiené and Brazaityté, 2009).

Most producers on small family farms do not have adequate equipment to control temperature
and application of irrigation, which puts the production of transplants at risk. Considering
these disadvantages, a floating system can be applied as a simpler method for production of
transplants. The new method of growing vegetable transplants has been discovered by using
hydroponic floating system in the tobacco industry. Interpreting the achievements in
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production of tobacco transplants, Carrasco and Izquierdo (2005) gave recommendations for
production of vegetable transplants in the floating system. The conventional production of
transplants is labour intensive, while cultivation in a floating system can be a less labour-
intensive alternative method for the production of transplants of melons (Bilalis et al., 2008),
or tomatoes and lettuce, where watering is not necessary (Bilalis et al., 2009). The growth of
transplants on nutrient solution is faster than in classic growing technology, and therefore for
the same planned planting period, growing of transplants can begin a week later than in
classic growing technology (Matotan et al., 2007). Wyatt (1998) was among the first to write
about the advantages of growing tomato transplants in the floating system as a sustainable
alternative production method. In the floating system, it was possible to produce high-quality
tomato transplants (Rideout, 2004), that had higher values of the analysed properties in
comparison with those that were grown conventionally, according to Enciso Garay et al.
(2015).

The objective of the research was to determine the optimum term for putting containers on the
nutrient solution after sowing and optimum volume of substrate for growing tomato
transplants in the floating system.

Material and Methods

In order to establish the possibility of producing tomato transplants in floating containers on
nutrient solution using a technology adapted to family farms in unheated greenhouses on cv.
Belle F1, a two-factor trial was set according to the method of completely randomized design
(CRD). The main factor, term of putting the containers on nutrient solution (A) was observed
through three steps: Al-directly placing the containers on nutrient solution immediately after
sowing, A2-placing the containers on nutrient solution after previous germination of seeds,
and A3-placing the containers on nutrient solution in the stage of developed cotyledon leaves.
The second factor, seeding place substrate volume, or the most favourable number of seeding
places in a container (B) also had three steps: B1-23 ml (160 seeding places), B2-37 ml (104
seeding places) and B3-47 ml (84 seeding places). Polystyrene containers (50 x 33 cm) were
filled with substrate for production of vegetable transplants Potgrond H (Klasmann). Sixteen
containers of each variant were sown, which is a total of 48 containers. One container of each
variant was left in the greenhouse where it was further grown in the usual conventional way
and was used for comparison of growth as the control variant. Fifteen containers of each
variant were put on nutrient solution, occupying an area of 8 m? in a reservoir with total area
of 22.5 m? and water volume 3 m*. The nutrient solution was prepared using the water-soluble
fertilizer Kristalon green special (NPK 18:18:18) in the amount of 1 kg/m®. Because of
evaporation of the solution from the reservoir, fresh water was periodically added trying to
keep the EC value constant at a level of 1.5 mS/cm and pH value 5.8-6.3. For the amount of
water in the reservoir, 300 ml of Previcur 607 SL fungicide was preventively added. In the
fifth week after sowing, on a sample of ten plants of each variant from one container intended
for analysis, transplant development parameters were measured: transplant stalk length (cm),
transplant stalk diameter immediately below the cotyledon leaves (mm) and counting of
developed leaves. The percentage of well-developed transplants suitable for replanting was
also established. The research data obtained for growth parameters of the transplants grown
on nutrient solution were statistically treated by variance analysis (ANOVA), while the LSD
test examined the differences between mean values with the significance level p 0.01. The
data were processed using the statistical program SP SS 13 (Statistical Package for the Social
Sciences).
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Results and Discussion
The variants grown on nutrient solution had higher values for the analysed properties
compared to conventionally grown transplants (Table 1).
High percentages of well-developed tomato transplants were determined, 96.4%-99.1%, thus
achieving one of the preconditions for successful production. The highest percentage of well-
developed transplants suitable for replanting was obtained in the containers placed on nutrient
solution when transplants had developed cotyledon leaves, while the lowest percentage was in
the containers placed immediately after sowing, the value of which was at the level of the
control variant. Also, high percentages of tomato seed germination, 89.0%-93.0% in a floating
system were reported by Bilalis et al. (2009).
In cultivation on nutrient solution, taller transplants were measured, which also had greater
stalk diameter and number of leaves in comparison with conventionally grown transplants.
Similarly, Wyatt (1998); Verdial et al. (1999); Rideout (2004); Enciso Garay et al. (2015)
showed that tomato transplants grown in floating system were higher and had greater stalk
diameter than conventionally grown transplants (Rideout and Overstreet, 2003; Enciso Garay
et al., 2015).

Table 1. Development of transplants grown on nutrient solution and with classic technology

Seeding place Term of putting the containers on nutrient solution, A Control
substrate After After In cotyledon
volume, B (ml) sowing germination stage
The percentage of well-developed transplants (%)
23 97.5 98.6 99.4 98.1
37 95.9 98.3 98.6 97.1
47 95.8 97.3 99.4 95.2
Average 96.4 98.1 99.1 96.8
Transplant height (cm)
23 24.84 26.27 34.80 10.62
37 24.68 18.63 35.34 13.24
47 22.21 19.81 26.65 13.49
Average 23.91 21.57 32.26 12.45
Diameter (mm)
23 4.27 3.72 4.30 2.50
37 4.34 3.98 4.29 3.21
47 4.08 3.93 4.89 3.27
Average 4.23 3.88 4.49 2.99
Number of leaves
23 4.10 4.10 4.50 3.00
37 4.20 4.10 4.50 3.10
47 4.10 4.20 5.20 3.00
Average 4.13 4.13 4.73 3.03

Each of the tested variants had a highly significant effect on tomato transplant height, while
only the factor term of putting the containers on nutrient solution showed a highly significant
effect on stalk diameter and the number of leaves (Table 2).

Transplants in the containers placed on nutrient solution when plants had developed cotyledon
leaves were highly significantly highest, while those in the containers placed on nutrient
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solution immediately after sowing were lowest. Stalk elongation occurred in containers with
larger numbers of seeding places, and significantly higher transplants were on substrate with
smallest seeding place volume. Excessive elongation of stalks is a potential problem in both
conventional and floating tomato transplant production system (Rideout and Overstreet,
2003). Tomato transplants in the containers placed on nutrient solution in cotyledon stage had
the largest diameter, which is at the same significance level with the variant where containers
were placed immediately after sowing. Also the significantly largest number of leaves was in
the containers placed on nutrient solution when the transplants were in the cotyledon stage.
Although the differences in stalk diameter and number of leaves conditioned by substrate
volume were not statistically significant, the highest average values were on the largest
substrate volume of individual seeding place and decreased with decreasing substrate volume.
Similar reports were made by Weston and Zandstra (1986), where tomato transplants grown
in the containers with smaller individual seeding place volume developed a smaller number of
leaves, and Dumici¢ et al. (2016), who explained that the number of leaves was linearly
decreasing under the influence of smaller pot volume, while stalk diameter was not affected
by pot volume.

Table 2. Influence of individual factors on measured properties of tomato transplants

Term of putting the containers | Transplant height Stalk diameter Number of
on nutrient solution, A (cm) (mm) leaves
Al 2391b 4.23 ab 4.13b
A2 2157 ¢ 3.88Db 4.13b
A3 32.26 a 449 a 4.73 a
Average 25.91 4.20 4.33
LSD p-50 1.13 0.32 0.29
LSD p-10 1.50 0.43 0.38
Seeding place substrate Transplant height Stalk diameter Number of
volume, B (ml) (cm) (mm) leaves
Bl 28.64 a 4.10a 423 a
B2 26.22 b 420 a 4.27 a
B3 22.89 ¢ 4.30a 450 a
Average 25.91 4.20 4.33
LSD p-5% 1.13 n.s. n.s.
LSD p-19 1.50 n.s. n.s.

Interaction of individual factors had a highly significant effect only on the property transplant
height (Table 3).

The maximum transplant height, 35.34 cm, was obtained in the containers placed on nutrient
solution when transplants had developed cotyledon leaves on substrate of medium seeding
place volume and highly significantly differed from average values of other combinations,
with the exception of the combination of the same term of putting the containers on nutrient
solution and the smallest seeding place substrate volume, 34.80 cm, from which it did not
significantly differ. In tomato transplants, with application of the sub-fertirrigation technique
in the stage of fully developed cotyledons, Dumici¢ et al. (2016) explained from presented
interactions that transplant height was more influenced by pot volume, as the height was
mainly increasing with its decrease, which is consistent with the results of this research.
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As a result of interaction of individual factors, the highest values for the properties stalk
diameter, 4.89 mm, and number of leaves, 5.20, were not significantly different from average
values of other combinations. Thus, with interaction of individual factors, although the
differences were not significant, the largest diameter and number of leaves were established in
the containers placed on nutrient solution when transplants had developed cotyledon leaves on
substrate of the largest seeding place volume.

Table 3. Influence of interaction of individual factors on measured properties of tomato
transplants

Term of putting the Transplant height Stalk diameter Number of leaves
containers on nutrient (cm) (mm)
solution (A) Seeding place substrate volume (B)
Bl B2 B3 Bl B2 B3 Bl B2 B3

Al 24.84 | 24.68 | 22.21 | 4.27 | 434 | 4.08 | 4.10 | 4.20 | 4.10
A2 26.27 [ 18.63119.81| 3.72 | 3.98 | 3.93 | 4.10 | 4.10 | 4.20
A3 34.80|35.34 | 26.65| 430 | 429 | 489 | 450 | 450 | 5.20

LSD p=s% 1.96 n.s. n.s.

LSD p=1% 2.59 n.s. n.s.

Conclusions

Using the growing technology in floating containers on nutrient solution, it was possible to
cultivate high-quality tomato transplants that had higher values of development parameters in
comparison with conventionally grown transplants. The percentage of well-developed
transplants was higher for cultivation on nutrient solution in containers placed on nutrient
solution with previously germinated seeds and with plants in cotyledon stage in comparison
with conventionally grown transplants. Height, stalk diameter and the number of leaves of
transplants were significantly greater when containers with plants in the cotyledon stage were
placed on nutrient solution. When growing transplants on substrate with smaller volume of
individual seeding place, transplants were less developed and stalks were elongated.

In addition to reduction of costs on account of easier system installation and maintenance of
water and nutrition regimen, these results indicate the applicability of tomato transplant
growing technology on nutrient solution for smaller commercial producers.
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Abstract

Lettuce (Lactuca sativa L.) is a highly valued vegetable in human nutrition not only for its
richness in minerals and vitamins but also for the fact that nowadays it is produced all year
round, and consumed fresh so that all the ingredients stay intact. Taking into consideration the
fact that lettuce is the most commonly grown vegetable in the world, there is a large selection
of varieties. The aim of the research was to distinguish and to measure the differences in
productive characteristics and contents of nitrates in the there the most planted lettuce
varieties in greenhouses of Bosnia and Herzegovina. The research was implemented during
the growing season 2016/2017. in greenhouse sized 200 m?. Lettuce was planted 7.12.2017.
The research was conducted on lettuce samples of the types butterhead (Shangore and Nantes)
and batavia (Funly). At technological maturity lettuce samples were collected for analyses.
The productive parameters which showed significant differences between varieties are
average mass of the formed head (0,261-0,372 kg/head) and yield (3,56-5,948 kg/m?). On the
other side, a significant influence of variety was not proved statistically in the case of nitrates
content in lettuce heads. The contents of nitrates were ranged (1200 to 2500 mg/kg).

Key words: Lettuce, Variety, Mass of the formed head, Yield, Nitrates content

Introduction
Lettuce is an important dietary leafy vegetable that is primarily consumed fresh or in salad
mixes. It is one of the most important vegetables grown in greenhouse especially in winter
period with or without heating system. Green leafy vegetables contain the highest nitrate
levels, and lettuce is classified as having very high nitrate concentrations accumulate in
edible parts. The acumulation of nitrates is a consequence excessive adoption of the nitrates
from soil or insufficient reduction in the plant. Nitrates themselves have relatively low
toxicity to the human body, but their metabolites and reaction products nitrits and
nitrosamines in the digestive tract can pose health concerns. The first international risk
assessment related to the introduction of nitrates and nitrites was made by JECFA in 1961
(FAO / WHO, 1962). They examined the toxicological impact of nitrates and nitrits, and they
established in 1990. Acceptable daily intake, ADI from 0 to 3,7 mg/kg body weight (EC,
1992). Nitrates are mainly created and introduced endogenously (Lundberg et all., 2004 and
2008). The content of nitrates is dependent on growing conditions: temperature, intensity of
light, seasons, nutrition and means of fertilization, cultivation methods and, last but not least,
variety (Dich et al., 1996). Control of nitrate content in plant products is systematically
carried out in developed countries of the world, and there are established guidelines for
monitoring the quality of agricultural products in the EU. The maximum allowable quantity of
nitrates in the lettuce was determined by the Rule book of the maximum allowed quantities
for certain food contaminants (Official Gazette of BiH, No. 68, page 39). If the harvest of
lettuce grown in open air is performed in the period from 01.10. - 31.03. it amounts to 4000
mg kg™ of fresh weight, while for a lettuce grown in a protected area it amounts to 5000 mg
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kg™. For harvest carried out in the period 01.04. - 30.09. in a protected area, the maximum
permitted nitrate content is 4000 mg kg™ of fresh weight. If in the same period the lettuce is
grown on the open field, the value of the maximum allowed quantity of nitrate is 3000 mg kg
! of fresh weight. Therefore, the objective of this paper is to determine the effect of the variety
on the nitrates content and on the yield performance of lettuce.

Material and Methods
The research was conducted during the period of October 2016 to May 2018 in greenhouse
without heating system, in region of Srebrenik. The experiments were set in a randomized
block design with three replications with varieties of Butterhead (Shangore F1 and Nansen)
and Iceberg / Crisphead (Funly F1). The lettuce was produced from seedlings planted on
black PE foil, at a spacing of 25x25 cm. Each block contained 16 lettuce plants. During the
production cycle, all standard measures for the cultivation of lettuce on foil were employed
including covering of plants by agrotextile.
The analyses of nutrients contents were performed after harvest. A mixed sample was done
from randomly selected thirty plants of each repetition.
e Lettuce plant diameter was measured only from the part of the plant that we can eat.
e Lettuce heads were weighed on digital scales. Average weight of heads and yield per
square meter were calculated from the measured values.
e The content of nitraes was determined using the by colometric quick test procedure
HACH. Fresh leaves were chopped and pressed in hydraulic press to express plant sap.
For the HACH Kkit, diluted sap was placed in two viewing tubes (suppled with kit).
One tube was placed in its slot in a hand-held comparator. The contents of one reagent
powder container were emptied into the second viewing tube and the solution was
mixed by shoking for 1 min. After mixing, the second viewing tube was placed in its
slot in the comparator. The color disk on the computer was rolated until the color on
the wheel matched the color in the tube with reagent. The resulting nitrate
concetracion was read from comparator.
e Average values of the parameters in the study were statistically processed with
computer, using software Excel. Data analysis was performed using the Analysis of
Variance (ANOVA) and Least Significant Differences (LSD).

Results and Discussion
Table 1 shows effect of varieties on productive characteristics of lettuce. The productive
parameters which showed significant differences between sorts are average mass of the
formed head and yield.

Table 1. Sorts effect on leaf yield and yield contributing characteristics of the lettuce.

Parameters

Varietie Leaf yield

plant (kg) Waste leaves (%) | Yield kg/m2

Shangore a b .
0.371 £0.123 8.337+3.60 5.95+0.123

Nansen b b b
0.241 +0.781 9.047+6.50 3.86+0.781

Funl
y 0.261 £0.087° 9.192+3.70° 4.18+0.087°

* Values marked by different small letters are statistically significantly different n <0.05.
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The highest leaf yield per plant was obtained from Shangore (0,37 kg) and lowest was found
in Nansen (0,24 kg). According research Castoldi et al. (2014) the average mass of educated
heads was greater than 200 g, which coincides with the results of this research. In contrast,
there are studies where the average mass of the head was significantly lower (ValSikova and
Vitekova, 2006; Todorovic et al., 2012).

The highest leaf yield per square meter had Shangore (5,95 kg), which was statistically
different from other varieties. The lowest yield (3,86 kg/ m?) was obtained in the Nansen
variety, which also had the smallest head. The factors such as cultivation season, weather
conditions and cultivar influenced the formation of phytomass of leaf rosette, which affected
its total weight. Koudela and Petiikova (2008) also reported that the spread diameter, average
weight of heads and yield are affected by variety. These results correspond to the results listed
by (Custic et al., 1994; Todorovi¢ et al., 2012).

In order to determine whether there was a statistically significant difference in the mass
weight between the examined varieties, a variance analysis was performed and a significant F
value was established. The Lsd-test was used to test the significance of the differences in the
environment.

The nitrates content ranged from 1030 to 2500 mg per kg (Figure 1), it shows that the lettuce
produced in this research had a significantly lower level of nitrate than the upper limit allowed
by the Ordinance of BiH (Official Gazette of BiH, No. 68, page 39).

2500

1800
1500 I 1ss0 1600

1200
1000 ! 1030

Shangore Funly Nansen

Figure 1. Nitrate concentrations in fresh lettuce mass (mg NO3 kg™ of a fresh mass)

The highest content of nitrates (2500 mg NO3 kg™! of a fresh mass) was found in Nansen and
the lowest in Shangore (1030 mg NO3 kg™! of a fresh mass). The differences among varieties
were not statistically significant. The content of nitrate reported by Prodanovi¢ et al., 2001;
Toth, 2006; Custi¢ et al.,1994 is similar to the results of our experiments

Conclusion
According to the study of the influence of sort on the average mass, yiel and nitrate content in
a fresh lettuce mass, we can conclude following:
Average mass of lettuce head and hence yield of lettuce varied significantly between different
varieties. The best values of all observed pruducitve parameters were determined in Shangore.
Leaf yield per plant and yiled depended of sortsand ranged from 0,24 to 0,37 kg.
On the other side, there were no significant differences in nitrates contents. The lowest nitrate
concentration in a technological ripeness has been recorded from Shangore (1030 mg NOg3
kg™! of a fresh mass) and the highest has been recored from Nansen (2500 mg NO3 kg™! of a
fresh mass).The tested varieties in protected areas can be successfully grown during the
winter period.
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Abstract

Experiments were conducted in the open field with silty-clay soil to study the effects of
subsurface drip irrigation treatments, full irrigation (FI), regulated deficit irrigation (RDI) and
partial root zone drying (PRD), on nitrogen (N) dynamics in the soil — plant system of
potatoes. FI plants received 100% of evaporative demands, while RDI and PRD plants, in
static approach in 2007, received 70% of water of FI and dynamic approach in 2008 where the
reduction of water for PRD irrigation from 70 to 50% was done in the stage of tuber ripening.
By four or five harvests during the season we measured N content of leaves, stems and tubers
were followed. Results showed, in both years, that N concentration in leaves and stems was
progressively reduced during the growing season until final harvest when the lowest values
were found in all irrigation treatments. In both years the PRD treatments resulted in the
increase N in potato tubers.At final harvest N content was by 16% significantly higher in PRD
than in FI plants in 2008. Results for N plant content indicated that PRD treatment could
improve allocation of N from shoot to tuber at final harvest, although soil N data pointed out
that PRD treatment could be beneficial from the point of increasing N - use efficiency.

Keywords: Nitrogen content, Solanum tuberosum L., Partial root drying (PRD), Regulated
deficit irrigation (RDI).

Introduction

Potato (Solanum tuberosum L.) rate fourth in production volume among the world various
agricultural products after wheat, rice and corn (FAO, 1995). Potato is grown in different
agroecological regions but it is the best adapted to temperate climate and frost — free seasons.
It is also sensitive to heat and drought stresses and predictions are that future climate change
will significantly affect potato production worldwide Haverkort (2008). As a shallow —rooted
crop irrigation is crucial for growing potato plants even in humid areas. A high level of
nitrogen (N) is recommended for potato cropping (Darwish et al., 2003) to ensure acceptable
yield.

As fresh water resources become scarce, it is difficult to irrigate crops to meet their full
demand.

To reduce the irrigation volume, irrigation techniques such as deficit irrigation (DI) have been
developed meeting the minimum crop water requirement without any significant reduction in
crop yield quality (Davies et al., 2002). In the last decades, one of the management options to
overcome the agricultural drought is the use of partial root-zone drying (PRD) and regulated
deficit irrigation (RDI) and they are called deficit irrigation methods whose application started
on many crops in many countries in the world (Kang and Zhang, 2004). Partial root-zone
drying is a deficit irrigation strategy designed to maintain in half of the root system in a dry or
drying state, while the other half is irrigated, in order to keep the leaves hydrated. The
treatment is then reversed, allowing the previously well-watered side of the root system to dry
down while fully irrigating the previously dry side. RDI is a method where the entire root
zone irrigated with the amount of water less than the maximum crop evapotranspiration. PRD
technique developed at the knowledge of chemical signaling at the level of root-shoot in terms
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of lack of water. In most cases, PRD irrigation has shown a great potential to increase
irrigation water use efficiency (WUE) and to maintain yield (Davies and Hartung,2004). It has
been shown that PRD can greatly induce the initiation and growth of secondary roots, which
improve the ability of the plant to absorb both water (Liang et al., 1996) and nutrients from
the soil matrix, which may increase the nutrient use efficiency (Han and Kang, 2002).
Although several studies on N uptake by potato have been done (Mackand Schjoerring, 2002;
Darwish et al., 2003, 2006), a thorough assessment of how different irrigation management
strategies affect the N uptake in the plant-soil system under controlled environmental
conditions is still lacking. The purpose of the present work was to study how PRD, RDI, and
FI irrigation strategies affected nitrogen content in the soil-plant system during the growing
season.

Materials and methods
Potato (Solanum tuberosum L.) cultivar Liseta was used for investigation. The experiment
was carried out during the growing season of 2007 and 2008 in a vegetable commercial farm
(Salate Centre) located 10 km north of Serbian capital, Belgrade. The irrigation method used
was a drip subsurface method. The subsurface irrigation system was supplied by Netafim
(A.C.S. Ltd. Netafim, Israel). For the FI and RDI treatments, one drip line was placed 0.1 m
below the top of the ridge although in PRD treatment two drip lines were operated separately
and were placed in parallel. The distance between emitters in FI and RDI treatments was 0.3
m and these were place exactly in the middle between two plants. PRD treatments the drip
line consisted of two bundled lines each with 0.6 m distance. In partial root drying sealing
one side takes until the amount of water in the second half is reduced by 20-30% of the total
irrigation and the shifting time interval varied between 3 and 7 days depending on evaporative
demand and soil water content. With the RDI and the PRD treatment is started after the phase
of tuber initiation (when 80% of tubers more than 20 mm long). In the last 3 weeks of the
irrigation period, 70% PRD and RDI was replaced by 50% (PRD and RDI plants received
50% of FI treatment). Because of longer irrigation period, during 2008 season, the number of
harvest was increased to five (H1 —H5). Measurement of soil water content was done with a
time domain reflectometer (TDR, TRASE, Soil Moisture Equipment Corp., USA). Plant
nitrogen content in different plant organs (leaves, stems and tubers) was estimated by
Kjeldahl method (Jones, 1990).
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.

Results and discussion
Results of nitrogen content (Figures 1 and 2) in leaves, stem and tubers (Table 1) were carried
out in order to determine whether PRD and RDI irrigation regimes can increase the efficiency
of mineral nitrogen absorption from the soil and increase nitrogen translocation from leaves
and the stem in the tuber. The positive effect of PRD and RDI irrigation regime on nitrogen
absorption and transfer was at the end of the 2007 and 2008 vegetation period where there
was a higher accumulation of nitrogen in the tubers. At the end of the experimental period, the
PRD irrigation regimes increased nitrogen content in tubers by 11% in 2007. In 2008 at final
harvest N content was by 16% (P<0.05) significantly higher in PRD than in FI plants. The
maximum nitrogen values in both examined seasons, in the leaf and the stem were at the
beginning of the vegetation, and then there was a decrease in value by the end of the
examined period. These results in 2008 are also the result of the transition from static to
dynamic irrigation. These results are in accordance with the Jovanovi¢ et al. (2008, 2010),
which concluded that the PRD irrigation regime affects the increased translocation of N from
the above-ground parts into the tubers and also increase the N — use efficiency. Our results
show that the PRD irrigation regime has improved the accessibility of N from the soil, which
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has influenced the development of the tuber at later stages of development and has positively
affected the yield and size of the tuber. Similar results in potatoes were obtained by
Shahnazari et al., (2008), where they also confirmed that PRD treatment may improve soil
nitrogen availability during the late phases of potato growing season indicating a higher N
mineralization and a greater accumulation of N in plant species. This all indicates that the
PRD irrigation regime can improve the transport of nitrogen from leaf and stem to tuber at the
end of the vegetation and increase the absorption of mineral nitrogen from the soil. Similar to
our results, Shahnazari et al., (2008) found less residual nitrogen in soil at PRD compared to
FI irrigation regime, which indicates higher accessibility of nitrogen from the soil to PRD
plants, especially in later stages of development.
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Fig.1.Nitrogen content (in%) in the leaves (a), stems (b) and Fig.2.Nitrogen content (in%) in the leaves (a), stems (b)
tuber (c) of potato plants under PRD,RDI and FI irrigation and tuber (c) of potato plants under PRD,RDI and FI
measured after different harvesting periods (H1,H2, H3 and final irrigation measured after different harvesting periods
harvest) in 2007 experimental season. Bars are means + S.E. (H1,H2, H3,H4 and final harvest) in 2008 experimental

season. Bars are means + S.E.

Table 1. Influence of FI, RDI and PRD regime of irrigation on content of N in tubers of potato in final harvest
2007 and 2008 years

2007 year 2008year

Regime
Fl 2.18+0.00 2.25+0.15
RDI 2.30+0.08 2.19+0.15

PRD 245+0.08 2.68+0.10

Conclusion
Experimental results for both seasons showed that PRD irrigated plants produced tubers with
improved quality in terms of higher N content. Results showed, in both years, that N
concentration in leaves and stems was progressively reduced during the growing season until
final harvest when the lowest values were found in all irrigation treatments. In both years the
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PRD treatments resulted in the increase in N in potato tubers. Results for N plant content
indicated that PRD treatment could improve allocation of N from shoot to tuber at final
harvest. N results might suggest a more beneficial effect of dynamic PRD approach than static
PRD on plant growth.
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Abstract

The production of bulk feed, with high protein contents, is one of the most important tasks of
livestock production. Apart from pure legume crops, high yields of good quality bulk feed can
also be achieved by grass-legume mixtures. In practice, temporary grasslands commonly
known as grass-clover mixtures, usually comprise various types of grasses and legumes.
Given that the quality of forage primarily depends on the botanical composition and stage of
the development of plants at the time of grazing or cutting, the aim of this investigation was to
determine the influence of the cutting regime on raw protein yield in different species of
grasses and legumes in the plant community. A two-year study on protein yield showed that
the cutting regime was a very important factor for obtaining high protein yields per unit of
surface, since cutting at the flowering stage of legumes in all mixture variants resulted in a
statistically significantly higher yield compared with those obtained at other cutting regimes.
The maximum two-year protein yields at the cutting regime involving the flowering and
budding phases of legumes were obtained by the S2 variant (3084 kg ha™ and 2579 kg ha™,
respectively), with high percentage of bird's-foot trefoil, while at the cutting regime involving
the grazing imitation phase, the highest protein yield was obtained by the S3 mixture (2238 kg
ha™) with equal representation of red clover and bird's-foot trefoil (20% each at sowing).

Key words: temporary grassland, cutting regime, protein yield

Introduction

In Bosnia and Herzegovina, livestock production is proclaimed as the most important part of
agricultural especially in mountain regions into account the fact that food makes 60 to 70% of
the total production cost, the production of good quality and cheap bulk feed is particularly
important for the success of cattle production.

Perennial legumes, which represent the most important group of fodder plants, are
characterized by high content of nutrients (proteins, minerals and vitamins). Perennial grasses
are the basis of sustainable livestock farming as they make the basic food for ruminants in
moderate climate areas, being components of both sown and natural pastures (Stosi¢, et al.,
2005; Lazarevi¢, et al., 1999), natural and sown meadows (Lazarevi¢ et al., 2001) that can be
used through cutting (Stosi¢ and Radojevi¢, 1980), silage and haylage (Dini¢ et al., 2003). In
addition to pure leguminous crops, high yields of high quality bulk feed can also be achieved
by legume-grass mixtures since legumes contribute to soil fertility and improved nitrogen
nutrition, thanks to their ability to fix highlight nitrogen from the soil, in symbiosis with
Rhizobia bacteria. Therefore, proper choice and selection of types and species of grasses and
legumes for grass-clover mixtures has a direct impact on the quantity and quality of the fodder
as well as on the length of crop utilization. Namely, there are differences in the chemical
composition between different types (Fairey, 2004) and varieties of grasses (Hussein et al.,
2002) and clover (Butler and Bailey, 1973), even at the same phytophenological stages of
development. It should be particularly noted that the chemical composition of a lawn changes
during the growing season, depending on the agro-ecological conditions, the applied agro-
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technology, the manner and the intensity of exploitation. In addition to fertilization, the
quality and yield of plant mass of sown grassland are largely dependent on the time (regime)
of cutting, as well as on the way of cutting in terms whether or not it was mowed or grazed by
different types of domestic animals (Marcela Andreata—Koren et al. (2009). Direct influence
of the frequency of cutting on fodder quality was also pointed out by Minson (1990), who
found that the content of crude proteins was higher by 90 g kg™ SM and the content of fibers
lower by 197 g kg™ SM on the grassland that was mowed 4 times a year compared to the one
mowed two times only.

The aim of the undertaken research was to determine the impact of cutting regimes on crude
protein yields of different species of grasses and legumes in the plant community.

Material and Methods
A two-year research was conducted at the Butmir near of Sarajevo, experimental field (2012-
2013). The experiment was set up using the random block method in four replications, with
elementary plots of 5 m?. The sowing was done manually, in rows with 12.5 cm spacing
between the rows. The sowing rate was 15 kg ha™ for red clover, 12 kg ha™ for bird's-foot
trefoil, 25 kg ha™ for Italian ryegrass, 12 kg ha™ for timothy grass and 30 kg ha™ for orchard
grass. Mineral fertilizer NPK (15:15:15) was used in pre-sowing preparation of soil in the
amount of 250 kg ha™. Soil properties of the experimental field: pH-5.0 (in KCI), pH-5.7 (in
H,0); according to humus content of 2.6% it is medium humus soil; low to medium content
of phosphorus amounting 9.8 mg/100 g of soil; according to the potassium content, the soil is
medium provided with this element (20.8 mg/100 g of soil).
The experiment investigated:
(A) Two species of legumes and three species of grasses, in four replications of the
composition of temporary grassland, as follows:
1. Red clover (Trifolium pratense L.) 40%, Italian ryegrass (Lolium italicum L.) 20%, timothy
grass (Phleum pratense L.) 20%, orchard grass (Dactylis glomerata L.) 20% (Mixture S1).
2. Bird's foot trefoil (Lotus corniculatus L.) 40%, Italian ryegrass (Lolium italicum L.) 20%,
timothy grass (Phleum pratense L.) 20%, orchard grass (Dactylis glomerata L.) 20% (Mixture
S2). 3. Red clover (Trifolium pratense L.) 20%, bird's foot trefoil (Lotus corniculatus L.)
20%, Italian ryegrass (Lolium italicum L.) 20%, timothy grass (Phleum pratense L.) 20%,
orchard grass (Dactylis glomerata L.) 20% (Mixture S3). 4. Italian ryegrass (Lolium italicum
L.) 33.3%, timothy grass (Phleum pratense L.) 33.3% orchard grass (Dactylis glomerata L.)
33.3% (Mixture S4).
(B) Three cutting variants a) Cutting at a height of 20 cm (grazing imitation), b) Cutting in the
budding phase of the leguminous component, c¢) Cutting in the flowering phase of the
leguminous component. The content of total nitrogen in the plant mass was determined by the
Kjeldahl method. Crude protein content was determined based on the level of total nitrogen in
dry matter multiplied by factor 6.25. Crude protein yield (CP) was determined on the basis of
dry mass yield and the content of crude proteins in it. The test results were processed using
mathematical and statistical methods in SPSS and Excel programs.

Results and Discussion
Comparative value of protein yields at different cutting regimes in 2012
In addition to the botanical composition of the mixtures, the cutting regime also had a
significant effect on the yield of crude protein (Table 1.), as statistically significantly higher
yield of proteins was obtained at cutting in the flowering phase of legumes compared to
protein yields obtained at the previous two cutting regimes. There was also a significant
difference in the yield of proteins obtained at cutting in the budding phase of legumes
compared to the yield obtained in the phase of grazing imitation (except in mixture S4).
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The highest protein yield at cutting in the flowering phase of legumes was achieved by
mixture S1 (1764 kg ha™), while the highest yield of crude protein in the phase of grazing
mitation and budding of legumes was achieved by mixture S3 (1115 kg ha™ and 1342 kg ha’

i
1).

Table 1. Comparative value of proteins (kg ha™) in 2012 at different cutting regimes

Mixture variant Cutting regime
(Temporary grasslands) | Grazing imitation Budding Flowering
Mixture (S1) 1022c 1220b 1764a
Mixture (S2) 652c 1131b 1393a
Mixture (S3) 1115c 1342b 1573a
Mixture (S4) 363b 340b 403a
Average 788 1008 1283

®C\/alues marked with different letters are showing significant differences among cutting regime (P<0.05)

The lowest yield of crude protein, in all phases of development at the time of cutting was
found in mixture S4, and its values amounted to 340 kg ha™ (the budding phase of legumes),
363 kg ha™ (the phase of grazing imitation) and 403 kg ha™ (the flowering phase of legumes).

Comparative value of protein yields at different cutting regimes in 2013

The highest average protein yield (1281 kg ha™) in 2013 was achieved by cutting at the
flowering phase of legumes (Table 2.), followed by the budding phase of legumes (1112 kg
ha), and the lowest at the phase of grazing imitation (1076 kg ha™). The statistically
significantly higher protein yield, regardless of the type of mixture, was obtained by cutting at
the flowering phase of legumes (with the exception of mixture S4) compared to the yield
obtained by cutting at the budding phase of legumes or the grazing imitation phase. The S2
mixture achieved the maximum yield of crude protein in all cutting variants, ranging from
1435 kg ha™ (grazing imitation phase) to 1690 kg ha™ (legumes flowering phase). The S4
variant, consisting only of grasses, had the lowest crude protein yield at all cutting regimes.

Table 2. Comparative value of proteins (kg ha-1) in 2013 at different cutting regimes

Mixture variant Cutting regime
(Temporary grasslands) Grazing imitation Budding Flowering
Mixture (S1) 1017b 1082b 1279
Mixture (S2) 1435b 1447b 1690a
Mixture (S3) 1122b 1156b 1418a
Mixture (S4) 729a 762a 738a
Average 1076 1112 1281

® \/alues marked with different letters are showing significant differences among cutting regime (P<0.05)

The minimum protein yield for this mixture was recorded in the cutting at the phase of
grazing imitation, only 729 kg ha™, followed by slightly higher yield of cutting at the
flowering phase (738 kg ha™), and at the budding phase of legumes 762 kg ha™.

Weather conditions that were slightly more favorable during the vegetation period compared
to the year 2012, contributed to the results of this year's research, because although the annual
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sum of precipitation was lower relative to the multi-year average, there were no extreme
droughts, while temperatures were mostly slightly higher compared to those in the multi-year
average.

Comparative two-year protein yield at different cutting regimes

The two-year study on protein yields has shown that the cutting regime had a significant
effect on the yield of proteins achieved per unit of surface, (Table 3.) since cutting in the
flowering phase of legumes, in all mixture variants, resulted in a statistically significantly
higher yield compared to the yields obtained by other cutting regimes.

However, if we compare the protein yield obtained in the other two cutting regimes, it can be
concluded that cutting in the budding phase of legumes can obtain a significantly higher
protein yield compared to the one obtained at cutting in the phase of grazing imitation.

On the other hand, the influence of the botanical composition, i.e. composition of the
mixtures, on protein yields was clearly pronounced. In our research, the highest two-year
protein yield at the cutting regime in the flowering phase of legumes, as well as in the
budding phase of legumes, was obtained by variant S2 (3084 kg ha™ and 2579 kg ha™), with a
high percentage being bird's foot trefoil, while at the cutting regime in the phase of grazing
imitation it was the mixture S3 (2238 kg ha™) in which red clover and bird's foot trefoil were
equally represented (20% each at sowing).

Table 3. Comparative value of the two-year protein yield (kg ha™) at different cutting regimes

Mixture variant Cutting regime
(Temporary grasslands) Grazing imitation Budding Flowering
Mixture (S1) 2040c 2302b 3043a
Mixture (S2) 2087c 2579b 3084a
Mixture (S3) 2238c 2499b 2991a
Mixture (S4) 1092c 1102b 1141a
Average 1864 2120 2565

¢ \/alues marked with different letters are showing significant differences among cutting regime (P<0.05)

The yield of crude proteins in red clover, bird's foot trefoil, timothy grass, Italian ryegrass,
orchard grass and their mixtures indicates that mixtures with a higher content of red clover
and bird's foot trefoil produce or can produce higher yields of crude proteins per unit of
surface. This is particularly evident in mixtures with a higher proportion of bird's foot trefoil
(phase of budding and flowering of legumes), and red clover in the phase of flowering of
legumes, where their participation in the mixture was 40%, which quite corresponds to the
results of Hannaway et al. (1999), Jose et al. (2001), Bezdrob et al. (2013).

Conclusions
Based on the results obtained in this research, the following can be concluded:
Two-year results of the study on crude protein yields have shown that the cutting regime had
a statistically significant effect on the protein yield achieved, where significantly positive
differences were obtained at each subsequent cutting regime, irrespective of the botanical
composition of the mixtures.
The S2 mixture, consisting of bird's foot trefoil, Italian ryegrass, timothy grass and orchard
grass, achieved the highest two-year protein yield in the legumes flowering phase (3084 kg
ha™) and the budding phase (2579 kg ha™), while the mixture S3 had the highest protein yield
in the phase of grazing imitation (2238 kg ha™).
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The mixture of grasses had the lowest total protein yield at any cutting regime - it was even
two times lower compared to the average value of all studied mixtures. This shows that
leguminous plants ((in our case red clover and bird's foot trefoil), regardless of their
participation in the mixtures, had a positive effect on protein yield as their yield was
significantly higher compared to the protein yield in grass mixtures.
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Abstract

The Balkan Peninsula is considered a secondary centre of genetic diversity of wild pear. To
this point, the population of wild pears in Bosnia and Herzegovina (B&H) has not been the
subject of comprehensive research. Certain areas are characterized by a large variety of wild
pears, one of which is Kozara mountain. The aim of these researches is the morphological
characterization of in situ populations of wild pear on Kozara mountain, Previja locality
(B&H) and the separation of the accessions with certain positive characteristics for selection
of varieties and rootstocks. In Bosnia and Herzegovina and in many European countries the
wild pear is the main seedling rootstock for grafting cultivated pears. There are nine (9)
accessions inventoried in the locality of Previja. The morphological characterization of the
vegetative organs of the selected pear trees was performed during two-year period (2012 and
2014) and the following parameters were analyzed: tree trunk characteristics (vigour and
habit), characteristics of one-year-old shoots (bark colour, lenticels appearance, length of
internodes) and leaf characteristics (leaf blade length and width, petiole length and the
appearance of the stipule on the petioles, the shape of the apex and the base of the leaf blade,
the shape of the leaf blade). The pomological characterization of the fruits of the selected
accessions was carried out during 2012 and 2016 years with the following characteristics:
fruit weight, height and width and fruit shape index, number of seeds in fruit, length and
thickness of the stalk. The fruit trees had weak to medium vigour with the upright position of
branches in most of the analyzed trees. The average weight of fruit of all the accessions in
2012 (15.12 g) was lower than in 2016 (21.01 g). The KP3 accession is distinguished by the
number of seeds in the fruit, which is characterized by more than 2 seed germs in one seed
case.

Keywords: Wild pear, Morphological characterization, Leaf, Fruit.

Introduction

Wild pear (Pyrus communis L.) is a valuable and significant forest fruit tree because of its
nutritional value (production of distillates, honey), utilisation in fruit production (used as a
rootstock for grafting) and wood value. It is a companion of deciduous forests in the Balkan
Peninsula and has a wide distribution range (Mratini¢ and Koji¢, 1998). It is also found in
both the plains and mountainous areas up to 1,600 m above sea level. Balkan Peninsula is
considered a secondary centre of genetic diversity of wild pear. Wild pear is a significant
source for genetic improvement and creation of new varieties and rootstocks, but so far it has
rarely been used in breeding programs. Most wild fruit tree in situ conditions have not been
sufficiently explored and processed, as is the case with populations of wild pears in Bosnia
and Herzegovina.

Significant studies of wild pear populations in the areas of former Yugoslavia were carried
out in the area of Bijelo Polje (Jovancevi¢, 1994), Sarajevo (Kulina, 2001), Western Serbia
(Milutinovi¢ et al., 2005) and indigenous pear populations in XX area (Paunovi¢ et al., 2012).
Biodiversity of wild fruit trees in Europe is endangered by the increasing intensification of
agriculture and urbanization as well as genetic crossing with cultivated species (Stephan et al.,
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2003). Therefore, in areas where it is expected that the existing population of wild fruit trees
contains useful properties, it is necessary to carry out the collection of the material and its
conservation. Parallel to conservation, description, characterization and evaluation should be
performed. The study of phenotypic traits of natural populations is not only relevant for the
observation of biological heritage, but also as a potential source of genes for improving
cultivated plants (Marino et al., 2013). Mountain areas up to 1.000 m altitude are
characterized by the rich and still well-preserved wild pear populations, and one of them is the
Kozara mountain, located in the north-western part of Bosnia and Herzegovina. The aim of
these researches is the morphological characterization of in situ populations of wild pear on
the Kozara mountain, the Previja area (B&H) and the collection of accessions with certain
positive characteristics for varieties and rootstock selection programs.

Material and Methods
The morphological characterization of wild pear (Pyrus communis var. pyraster (L.) Ehrh.)
included nine (9) in situ populations in the Previja area, located on the southeast slopes of the
Kozara mountain. Inventory of wild pear trees was carried out on the basis of the vigour, the
type of growth and the characteristic of the fruit (size, shape and number of seeds). The
accessions are mapped by a hand GPS receiver (GARMIN Oregon 550, USA) and are marked
with PCK (PC-Pyrus communis, K-Kozara) and numbered from 1 to 9.
The morphological characterization of the vegetative organs of the trees of chosen accessions
was carried out during the period 2012 and 2014 years in accordance with the International
UPQV (The International Union for the Protection of New Varietes of Plants) descriptors for
pear (UPOV, 2000). The trees are characterized by the properties of the vigour and the
position of the branches (habit). On the sample of 10 annual shoots we analyzed the following
properties: the bark colour on the sunny side, the appearance of lenticels and the length of the
internodes. The analysis of the leaf characteristics was conducted on a sample of 25 leaves
taken from the central part of the young shoots and the following characteristics were noted:
length and width of the leaf blade, the length of the petiole and the occurrence of the stipules
on the leaf petiole, the shape of the tip and the base of the leaf blade and the shape of the leaf
blade. The analysis of the young shoots and leaves was performed at the end of June, at the
end of intensive growth. The pomological characterization of collected fruits was carried out
during the season of fruit ripening during 2012 and 2016 years on an average sample of 25
fruits, with the following characteristics: fruit weight, height, width and index of fruit shape,
number of seeds in fruit, length and thickness of peduncle.
The data were statistically analyzed by a variance analysis method for a two-factor trial. The
significance of the differences was determined by the LSD test for the significance level of
p<0.05. The absolute variability of the mean values is defined by calculating the standard
error (SE). For all studied characteristics, apart from the fruit weight, the coefficients of
variation (CV) were calculated.

Results and Discussion
An overview of the characteristics of trees and young shoots of inventoried wild pears is
shown in Table 1. In the Balkan researches (Paunovi¢ et al., 2012), a vigorous to very
vigorous wild pear trees were recorded. In the population of wild pear at the Kozara site, trees
with low and medium vigour and upright growth type (habitat) were dominant. Lenticels on
one- year- old wild pear shoots from the Kozara site are present in a smaller number, and the
bark colour of the accessions are generally various shades of brown, except for the two
accessions in which they were gray-green (PCK6 | PCKO9).
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Table 1. Characteristics of trees and young shoots of wild pear trees in situ

Tree One-year-old shoot
Accessions Vigour Habit Colour Numper . Length of
of lenticels  internodes (cm)
PCK1 weak spreading brown red many 1.96
PCK2 weak upright medium brown few 1.91
PCK3 medium upright medium brown medium 2.14
PCK4 weak upright brown red medium 2.34
PCK5 medium upright orange brown medium 2.16
PCKG6 medium upright grey green many 2.30
PCK7 medium spreading brown red medium 1.81
PCK8 medium  semi-upright brown red medium 2.19
PCK9 strong upright grey green few 2.37

The qualitative characteristics of the leaves of the selected of wild pear trees are shown in
Table 2.

Table 2. Leaf characteristics of in situ wild pear accessions

Leaf blade
Accesslons Shape of base Shape of apex Incisions of margin Prstigﬂ(l::sc’f
PCK1 truncate obtuse bluntly serrate absent
PCK2 cordate obtuse crenate absent
PCK3 truncate obtuse crenate absent
PCK4 cordate right-angled absent present
PCK5 truncate right-angled bluntly serrate present
PCK®6 obtuse obtuse absent absent
PCK7 truncate obtuse crenate absent
PCK8 truncate obtuse crenate present
PCK9 truncate acute bluntly serrate absent

Most of the selected accessions, i.e. 65% of them, had truncated leaf base form, the obtuse
shape of the leaf tip, and the leaf without stipules.

Data on the quantitative characteristics of wild pear leaves are shown in Table 3.
Measurements of the leaf characteristics were carried out during two different years regarding
the climatic conditions. The 2012 was extremely dry, and 2014 was with a lot of precipitation.
The values of leaf dimensions are uniform, with a small variation coefficient of measured
properties. A higher variation in the width of the leaf (CV> 15%), with a certain number of
accessions, was more pronounced during the dry year (2012). The length of the leaf petiole
was between 1.01 cm and 3.76 cm. Accession PCK9 had the longest leaf petiole in average.
The leaf dimensions are uniform, and the values of the petiole length are highly variable, and
are confirmed by the coefficient of variation (CV), which is, by the length of the petiole,
higher than the CV of leaf dimensions characteristics.
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Table 3. A quantitative characteristic of leaves of wild pear accessions

Leaf blade
Accessions  Year Length 0 Width 0 Length of 0
(cm) CV (%) (cm) CV (%) petiole (cm) CV (%)

2012 3.45%0.31 9.03  2.88+0.16 5.56 2.43+0.43 17.75

PCK1 2014 3.79+0.29 7.64  3.35+0.27 7.94 1.01+0.20 19.71
PCK?2 2012 5.11+0.48 931 431042 9.80 2.98+0.73 24.38
2014  4.47+0.43 9.62 3.61+0.28 7.64 1.35+0.24 17.53
PCK3 2012 4.74+0.57 1194 3.71£0.65 17.42  2.66+0.54 20.20
2014  4.40+0.51 11.68  3.64+0.33 9.14 1.58+0.31 19.62
PCKA4 2012 5.58+0.43 7.74  4.08+0.33 8.16 3.13+0.39 12.44
2014  6.23+0.38 6.11  3.71+0.39 10.50  2.14+0.37 17.45
PCK5 2012 5.16+0.41 788  4.29+0.66 1527  3.39+0.72 21.31
2014  5.18+0.49 9.51  3.66+0.32 8.85 1.76+0.24 13.63
PCK6 2012 5.41+0.56 10.39 4.20+0.75 17.75  2.88+0.45 15.64
2014 6.20+0.57 9.26  4.3440.38 8.82 2.72+0.40 14.60
PCK7 2012 5.13+0.64 1239 4.70£0.56 1196  3.06+0.85 27.87
2014  4.59+0.52 1142 3244046 1431  1.6440.50 30.56
PCKS8 2012 5.52+0.49 8.93  4.72+40.47 10.04  3.08+0.42 13.51
2014  5.33+0.44 8.32 4.28+0.64 1493  2.14+0.45 21.14
PCKY 2012 5.41%0.61 1131  3.94+0.32 8.18 3.36+0.87 25.97

2014  6.26+0.42 6.72  4.36+0.54 1229 3.76+1.44 38.27

The analysis of fruit characteristics of wild pear accessions was carried out over two years,
with different climatic factors, in 2012 (dry year) and in 2016 (a year with a favourable
precipitation distribution during the growing season). The average values of the weight of the
fruit of all tested accessions were higher in 2016 (Table 4), except for PCK7. Four wild pear
accessions (PCK1, PCK2, PCK5 and PCKY7) had relatively small fruits, weighing up to 10 g.
By the size of the fruit, the accession PCK®9 is identified with a fruit weight of 42.54 g.

Table 4. Average fruit mass (g) of wild pear accessions

. Year
Accessions 5012 5016 Average
PCK1 7.40 12.16 9.78
PCK2 6.83 9.89 8.36
PCK3 8.70 19.21 13.95
PCK4 18.10 37.52 27.81
PCK5 7.45 10.68 9.06
PCK®6 17.35 19.27 18.31
PCK7 10.32 8.39 9.35
PCK8 19.33 26.84 23.08
PCK9 40.60 44.49 42.54
Average 15.12 20.93
Level A B AB
F calculated 383.99** 221.68** 27.67**
LSD g5 1.66 0.78 2.35
LSDg01 2.22 1.05 3.15

**statistically highly significant difference; A-accession factor; B-year factor, AB-interaction accessions/year
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There are statistically significant differences in the weight of the fruit between analyzed
accessions, years of research and the interaction of the accession/year. The results of our
research are similar to those of Jovancevi¢ (1994) and Paunovi¢ et al. (2012). The average
mass of wild pear populations of the Bijelo Polje area was 15.84 g (Jovancevi¢, 1994), and in
the researches of indigenous populations in Serbia it was 20.05 g, and the highest fruit mass
had the genotype K1 (31.17 g) (Paunovi¢ et al., 2012). In our research, the accession PCK9
had an average maximum weight of fruit 42.54 grams. The fruits of autochthonous pear
varieties “Karamut”, “Zobnja¢a”, “Zutica” in the territory of Bosnia and Herzegovina (Purié¢
et al., 2015) have a lower mass of fruit than the accession PCK9.

The results of measuring the wild pear fruits are shown in Table 4. Wild pear fruit, other than
crown, is characterized by a shape that determines the ratio of height and width of the fruit.
According to Misi¢ (1984), wild pear fruits are small, spherical or pear shaped, hard and
bitter. The fruits from the Kozara locality are mainly roundly shaped, with the exception of
the PCK3 which have a pear shape of the fruit (fruit shape index> 1). The number of normally
developed seeds of wild pear fruit varies from 1.2 to 10.1 (Mratini¢, 2001). In research in the
area of Trebevi¢ (Kulina, 2001) the fruit of wild pear had an average of 5.36 seeds and in
research of Paunovic¢ et al., in Serbia (2012) it contained 3.89 developed seeds. The analysis
of wild pear population at the Kozara site showed an average of 5.35 seeds in fruit. By the
number of seeds, the accession PCK3 is set apart, and the fruit is distinguished by more than
two seeds of embryos in a single seed box, resulting in fruit with more than 10 seeds per fruit.
The number of fruit seeds is characterized by high variability. In addition to the PCK3, the
accessions PCK4, PCK1 and PCKS8 can be separated by a relatively high number of seeds.
The aforementioned accessions should be the subject of selection of rootstocks mother trees
with further testing of seed germination and seedling characteristics.

Table 5. Fruit quantitative traits of in situ wild pear accessions

Fruit
_ Fruit Number of
Accessions  Year — ne  CV (%) Peduncle -, (%)  seedsin  CV (%)
) length (cm) :
index fruit

2012 0.92+0.08 8.37  2.34+0.30 13.02 5.814£2.10 36.21

PCK1 2016 0.87+0.05 5.86 1.84+0.20 11.04 5.88+1.36 23.15
PCK?2 2012 0.90+0.06 6.55  2.16+0.33 15.24 3.94+1.57 39.85
2016 0.88+0.03 3.39  3.70+0.28 7.58 5.63+2.39 4251
PCK3 2012 1.17+0.06 5.35  3.62+0.41 11.25 8.94+1.24 13.84
2016 1.25+0.08 6.19  2.50+0.32 12.79 9.19+1.91 20.74
PCKA4 2012 0.89+0.05 5.56 1.55+0.48 30.95 7.63+1.02 13.44
2016 0.86+0.07 7.74 1.72+0.26 14.97 6.81£1.94 28.47
PCK5 2012 0.85+0.04 5.11  3.00+0.29 9.77 3.69£1.45 39.26
2016 0.80+0.03 349  3.02+0.32 10.65 4.13+1.78 43.25
PCK6 2012 0.88+0.04 454  3.09+0.39 12.46 231£2.24  96.98
2016 0.92+0.08 9.20  3.2340.32 9.99 1.81+0.98 54.13
PCK7 2012 0.88+0.04 418  2.14+0.31 14.39 3.88+2.16 55.65
2016 0.85+0.03 3.51  2.8340.25 8.76 6.56+1.59 24.23
PCKS 2012 0.90+0.06 6.23  2.75+0.35 12.64 4.69£1.96  41.75
2016 0.87+0.05 5.68  2.89+0.42 14.54 6.75+2.72  40.30
PCKOY 2012 0.87+0.03 3.25  3.37+0.22 6.64 3.56+1.46  40.96

2016 0.85+0.03 340  3.61+0.41 11.36 4.69+1.89 40.27
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The values of fruit peduncle length were between 1.55 cm and 3.70 cm. Four accessions had
relatively long fruit peduncle longer than 3 c¢cm in average. The PCK9 had the longest
peduncle. Most of the fruit peduncles were longer in 2016.

Conclusions

The Balkan Peninsula is considered a secondary centre of genetic diversity of wild pear, and
Kozara locality is one of the more important areas of wild pear genetic diversity. The wild
relatives of cultivated varieties represent an important part of plant genetic recourses of a
country. The research of wild pear population in Kozara locality shows the great population
diversity which can be highly significant in breeding programs of pear varieties and
rootstocks. As a significant starting material for breeding work, several accessions can be set
apart. Based on the number of seeds in the fruit in the pre-selection of seedling rootstocks for
pears accessions PCK3, PCK1, PCK4 and PCK8 can be used. For the breeding of new
varieties of pears on the basis of the fruit characteristics (mass and shape) the PCK9, PCK4,
PCK8 and PCK3 are suitable.
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Abstract

Pomegranate (Punica granatum L.) has long been domesticated in our area and it is rightfully
considered as one of the autochthonous species of Herzegovinian karst. In lower karst areas,
pomegranate occurs in various types of habitats and grows individually or in larger and
smaller groups, forming pure populations or populations mixed with other species such as
spruce, Jerusalem thorn and others. Wild pomegranate, known under the names ljutun and
ljutunac (P. granatum var. spontanea) is different from cultivated pomegranate or sladun,
sladunac (P. granatum var. sativa). A study of the wild-grown population of pomegranate
was conducted at several sites in Herzegovina during two vegetation years, 2013 and 2014. In
this study, the following pomegranate fruit properties were measured in 11 accessions
(phenotypes) from the natural population: fruit weight (g), arils weight (g), weight of 100 arils
(9), peel weight (g), peel thickness (mm), fruit height (mm), fruit width (mm), fruit crown
height (mm), and fruit crown width (mm). Portions of peel and arils (%) were also
determined. The average fruit weight ranged from 73.56 g to 114.82 g. The weight of most
samples was higher in 2014 than in 2013. The average arils weight ranged from 32.87 g to
56.76 g. The average portion of arils in 2013 was 41.68% and 50.15% in 2014. The obtained
data indicate significant effects of environmental conditions in individual years on properties
of the same accessions at some locations, but also significant interaction effects between
locations, years and accessions. The year factor had a greater influence on physical
parameters of the wild pomegranate fruits than the location factor.

Keywords: Wild pomegranate (Punica granatum L.), Location, Environmental conditions,
Pomometric properties.

Introduction

Pomegranate (Punica granatum L.) has long been domesticated in our area and it is rightfully
considered as one of the autochthonous species of Herzegovinian karst, where along with fig
and olive represents one of the oldest cultivated fruit species of the Mediterranean and Middle
East regions. According to literature data, pomegranate is native to a region of Iran,
Afghanistan, the Urals, the southern part of the Caspian Sea and from these areas it spread to
the areas around the Mediterranean Sea (Kusan, 1938). Pomegranate was most probably
brought to our region and surrounding areas by the Greeks and Romans. Pomegranate is
widely distributed along the Adriatic Sea and in river valleys dominated by the Mediterranean
influence, the rivers of Neretva in Herzegovina, Krka in Dalmatia and Zeta in Montenegro
(Redzi¢, 1952). In Bosnia and Herzegovina, wild pomegranate is found around Mostar,
Blagaj, Stolac, Ljubuski, Citluk, Grude, Capljina, part of the Siroki Brijeg municipality,
Neum and Trebinje. Pomegranate grows from the sea coast up to 580 meters above sea level.
The most favorable conditions for growth and development are at altitudes from 20 to 150
meters above sea level, where populations of wild pomegranate are also the most numerous
(Cemalovi¢, 1979).

The fruits of wild pomegranate are smaller than the fruits of cultivated pomegranate. It is a
heliophytic plant species that grows alone or in sparse densities in insolated places.
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Populations of wild pomegranate predominantly occur on skeleton texture soils of neutral to
alkaline pH reaction (Cemalovié, 1979). Pomegranate fruit, root, tree bark, seeds and flower
can be used for various purposes. Pomegranate tree bark is rich in tannins and pectins, so it is
used for production of pectin, and in leather industry for tanning leather (DZubur, 2007). The
beneficial effect on human health is attributed to the content of polyphenolic compounds,
particularly anthocyanins, which are characterized by high antioxidant activity and are
involved in the neutralization of free radicals responsible for many acute and chronic diseases
(Lansky and Newman, 2007, Adhami and Mukhtar, 2006, Reddy et al., 2007). Wild
pomegranate fruit is not used as table fruit, but only for processing into juices. In the process,
it can be blended with cultivated pomegranate juice and grape juice. Pomegranate juice is
consumed fresh, in sorbets, it is used for making jellies, cold or warm sauces. Wild
pomegranate is morphologically different from cultivated pomegranate varieties (Cemalovié,
1979). The aim of this study was evaluation of the studied wild pomegranate accessions in
selected locations of Herzegovina based on pomometric description criteria.

Material and Methods
A study of the wild-grown population of pomegranate was conducted during two vegetation
years, 2013 and 2014, in several locations in Herzegovina: Mostar, Pocitelj, Medugorje,
Stolac and Capljina. Selection of bushes was carried out on the basis of morphological
characteristics of bushes and fruits. A total of 11 wild pomegranate accessions (phenotypes)
from the natural population were selected, marked with letters and numbers in the following
order: RK1 and RK2 (Mostar), PO1 and PO2 (Pocitelj), MK and MNJ (Medugorje), PB1,
PB2, PNJ1 and PNJ2 (Stolac) and TR (Capljina).
Harvesting of wild pomegranate fruit was carried out at the stage of full ripeness in the first
half of November. Ten approximately equal wild pomegranate fruits were taken from each of
the selected bushes. They were brought to the laboratory, where pomometric measurements of
the fruits were conducted. The following wild pomegranate fruit properties were measured in
this study: fruit weight (g), arils weight (g), weight of 100 arils (g), peel weight (g), peel
thickness (mm), fruit height (mm), fruit width (mm), fruit crown height (mm), fruit crown
width (mm). Fruit weight, arils weight and peel weight were measured on technical scale
(Kern 440-45). Fruit height, width, crown height and width, peel thickness were measured by
digital slide rule (Hm Miillner werkzeuge). Fruit height was measured from fruit top (crown)
to fruit peduncle and fruit width was measured transversely to the previous measurement.
Portion of peel (%) was calculated from the ratio of peel weight to fruit weight and portion of
arils (%) from the ratio of arils weight to fruit weight.
Research data were statistically processed by variance analysis (ANOVA), and then the
differences between mean values of the eleven analyzed accessions were examined by LSD
test for all significant F tests with the level of significance p < 0.01. Variance analysis was
performed for both study years, and after variance homogeneity tests, a common variance
analysis was conducted for both years and for all analyzed properties. The statistical program
SP SS 16 (Statistical Package for the Social Sciences) and MS Excel 2007 were used for data
processing.

Results and Discussion
In both study years, the biggest average fruit height was found in accession PB1 (location
Stolac) of 52.26 mm and smallest in accession PO2 (location Pocitelj) of 44.42 mm (Table 1).
Wani et al. (2012) reported the values of fruit height of wild pomegranate genotypes from
59.0 mm to 92.4 mm, while Muradoglu et al. (2006) found average wild pomegranate fruit
heights from 60.0 mm to 81.0 mm. A partial agreement can be established by comparing
literature data with results of the conducted research and the differences are probably due to
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different environmental conditions. Cultivated varieties are characterized by larger fruits, so it
stands to reason that they have a greater fruit height. Thus, Gadze (2013) presented average
fruit heights of the studied cultivated varieties from 67.18 mm to 85.83 mm.

The biggest average fruit width of 60.05 mm was determined in accession PNJ2 (location
Stolac) in both years, while the smallest average fruit width of 50.46 mm was found in
accession PO2 (location Pocitelj) (Table 1), which coincides with the results of Muradoglu et
al. (2006) who reported the average wild pomegranate fruit width values from 30.8 mm to
88.9 mm and Wani et al. (2012) from 65.4 mm to 98.4 mm. Different fruit width data were
found for cultivated varieties. Thus, Mars and Marrackhi (1999) described average
pomegranate fruit widths from 57.6 mm to 111.4 m and Gadze (2013) from 75 mm to 101.12
mm.

The biggest average fruit crown height for both years was found in accession TR (location
Capljina) and it amounted to 14.18 mm, and the smallest average height of 11.91 mm was
measured in accession RK2 (location Mostar) (Table 1). Muradoglu et al. (2006) presented
crown height values ranging from 11.0 to 26.1 mm, Tehranifar et al. (2010) reported the
values in the range from 13.45 mm to 24 mm. In cultivated pomegranate varieties, Gadze
(2013) presented the values from 17.46 mm to 22.07 mm. It can be concluded that the crown
height values of studied wild pomegranate accessions were closer to the lower values of the
above-mentioned authors.

The biggest average value of fruit crown width of 16.69 mm was measured in accession PO1
(location Pocitelj), and the smallest of 12.73 mm in accession RK2 (location Mostar) (Table
1). Muradoglu et al. (2006) reported the crown width values in wild pomegranate from 11.2
mm to 18.1 mm, which coincides with the results of these studies.

The biggest average peel thickness of 3.44 mm was found in accession TR (location
Capljina), and the smallest of 2.39 mm in accession RK2 (location Mostar) (Table 1). For
average wild pomegranate peel thickness, Cemalovi¢ (1979) registered the values from 2 to 4
mm, which means that the peel thickness from this research had similar values to the above-
mentioned values. Wani et al. (2012) reported the peel thickness in wild pomegranate
genotypes between 1.81 mm and 3.64 mm, and Muradoglu et al. (2006) from 1.7 mm to 4.0
mm.

Fruit weight is genetically determined, but also influenced by the climatic factors, as well as
substrate (soil) on which the wild pomegranate bush grows. The biggest average fruit weight
was found in accession PNJ2 (location Stolac) and it was 114.82 g and the smallest value of
73.56 g was measured in accession PO2 (location Pocitelj) (Table 1). In his research,
Cemalovié (1979) described the wild pomegranate fruit weight as ranging from 30 to 230 g,
which is in agreement with the results of this research. Tabur et al. (1987) reported the fruit
weight values from 175 g to 259 g, and Muradoglu et al. (2006) reported the wild
pomegranate fruit weight values in the range from 131.6 g to 337.1 g, which are higher values
in relation to the results of this research.

The biggest average arils weight of 56.76 g was found in accession PB1 (location Stolac), and
the fruit of accession PO2 (location Pocitelj) had the smallest average arils weight of 32.87 g
(Table 1).
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Table 1. Average values of pomometric properties of wild pomegranate fruit in two years (2013/14)

Sample | Fruit Fruit | Fruit Fruit Peel Fruit Arils | Weight of | Peel
height | width | crown crown | thickness | weight | weigh | 100 arils | weight
(mm) | (mm) | height | width | (mm) 9) t@ | (9)

(mm) (mm)

RK1 50.14 57.60b | 12.75 12.80 2.48 110.34 54.29 19.18 50.77b
b cd d d a ab a

RK2 45.83 54.25 11.91 12.73 2.39 85.01 48.45 17.99 40.09d
cde c d d d c b a

PO1 44.62 54.49 14.02 16.69 3.43 85.77 36.25¢ | 14.35 48.48c
de c ab a a c cd

PO2 44.42 50.46d 12.93 13.99 2.75 73.56 32.87¢ | 11.55 39.26d
e bcd c c c f

MK 49.43 57.10b | 12.89 14.06 2.65 103.90 49.61b | 12.26 51.50b
bc cd c cd a ef

MNJ 47.85 56.80bc | 13.16 15.08 2.91 100.84b 49.42b | 15.42 49.62bc
c abc b b bcd
51.81 57.22b 14.18 16.12 3.44 112.50 54.41a | 15.06 55.71a
a a a a a b bcd

PB1 52.26 58.54 12.51 13.93 2.83 114.67 56.76a | 14.00 55.72a
a a cd c b a de

PB2 49.59 58.99 13.37 14.40 2.82 112.95 52.24a | 13.86 55.31b
bc a abc bc bc a b de

PNJ1 46.52 54.72 13.94 16.33 3.39 85.15 39.32¢ | 15.29 44.71cd
cd c ab a a c bcd

PNJ2 51.80 60.05 13.34 14.97 3.08 114.82 53.48a | 17.37 60.71a
a a abc b b a b a

* Different letters within columns indicate significant differences between the samples based on LSD test
(P=5%; P=1%)

Ercan et al. (1992) reported the arils weight values of studied pomegranate genotypes in the
range from 34.0 g to 63.6 g, and Zarei et al. (2011) the value of 136.13 g. Gadze (2013)
reported that the average arils weight in cultivated pomegranate varieties ranged from 145.01
gto 274.44 q.

The biggest average weight of 100 arils in both years of 19.18 g was in accession RK1
(location Mostar), and the smallest weight of 100 arils of 11.55 g was in accession PO2
(location Pocitelj) (Table 1). It is apparent that both the smallest and the biggest average
values of weight of 100 arils in these studies were lower in relation to the research of
Muradoglu et al. (2006) who described the values for weight of 100 arils of wild pomegranate
in the range from 18.5 to 35.0 g. Drogoudi et al. (2005) pointed out that aril size is one of the
most important factors affecting the quantity of juice and generally pomegranate edibility and
reported values of weight of 100 arils from 17.5 g to 66.7 g.

The biggest average peel weight of 60.71 g was measured in accession PNJ2 (location
Stolac), and the smallest of 39.26 g in accession PO2 (location Pocitelj) (Table 1). Wani et al.
(2012) reported the values of peel weight in wild pomegranate genotypes from 60 g to 217.75
g, Al-Maiman and Ahmad (2002) reported the value of 69.01 g for peel weight.

The portion of arils in fruits of the studied wild pomegranate accessions ranged from 34.62%
to 56.45% with average values of 41.68% in 2013 and 50.15% in 2014 (Table 2).This is
consistent with the results of Ercan et al. (1992) who presented the values from 43.2% to
62.5%, and Muradoglu et al. (2006) with values from 49.5% to 71.5%.
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Table 2. Portions of arils and peel in wild pomegranate fruit
2013 2014
Sample Arils portion Peel portion Arils portion Peel portion
(%) (%) (%) (%)
RK1 48.86 51.14 52.27 47.73
RK2 54.53 45.47 56.45 43.55
PO1 34.62 65.38 46.39 53.61
PO2 39.40 60.60 48.59 51.41
MK 45.99 54.01 49.29 50.71
MNJ 43.87 56.14 53.50 46.51
TR 44.36 55.64 50.38 49.62
PB1 45.38 54.62 52.42 47.58
PB2 46.66 53.34 47.80 52.21
PNJ1 46.86 53.14 45.37 54.63
PNJ2 46.84 53.16 49.22 50.78
Average value 41.68 54.79 50.15 49.85

The portion of peel in wild pomegranate fruit ranged from 43.55% to 65.38%, and the average
values were 54.79% in 2013 and 49.85% in 2014 (Table 2). The results generally correspond
to the wild pomegranate peel portion data reported by Wani et al. (2012) from 32.6% to
56.05%, while Tabur et al. (1987) indicated slightly smaller portion of peel from 28.0% to
39.2%. The ratio of peel and arils or arils yield is a very important property of fruit, and
especially in fruits for industrial processing. In this research, the best yields were established
in accessions RK1 and RK2 (location Mostar), above 50%, and the lowest in accession PO1
(location Pocitelj), less than 50%.

Conclusions

The highest values for fruit weight, peel weight and fruit width were determined in accession
PNJ (location Stolac), and fruit height and weight of all arils for accession PB1 (location
Stolac), while weight of 100 arils had the highest average value in accession RK1 (location
Mostar). The lowest average values for fruit weight, fruit height, fruit width, peel weight,
weight of all arils and weight of 100 arils were found in accession PO2 (location Pocitelj).
The properties of crown height, crown width, and peel thickness had the lowest average
values in accession RK2 (location Mostar). For the properties fruit crown height and width,
there was no significant difference between the two study years, which indicates that these
properties are mostly genetically determined. It should be noted here that the environmental
conditions for growth and development of wild pomegranate were favorable in both study
years with the fact that the precipitation conditions were more favorable in 2014. It should
also be noted that the year factor had a greater influence on pomometric properties of wild
pomegranate than the location factor, as well as the fact that the studied locations did not
significantly differ in values of climate indicators.
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Abstract

This paper shows the results of two-year research (2013-2014) of the weed vegetation of the
Lijev¢e polje area which includes four associations: Panico-Galinsogetum parviflorae Tiixen
at Becker 1942, Panico-Portulacetum oleraceae Lozanovski 1962, Cynodono-Sorghetum
halepense (Laban 1974) Koji¢ 1979 and Erigerono-Setarietum glaucae Sumati¢ 1997.
Floristic-phytosociology researches were performed by the principles and methods of the
Switzerland-French phytosociologic school on 61 localities from the area of municipalities
Gradiska, Laktas$i, Srbac and Kozarska Dubica in Nothern Bosnia and Herzegovina where 49
relevés were taken. Vegetation research included taking of relevés on test area of 100 m*
space in row and between rows in orchard and vineyard, in grain crops and stubble from the
whole area, root crops, and space between the rows. Relevés in orchards and vineyards on the
territory of LijevCe polje were taken in neglected orchards and vineyards and in vineyards
which are extensively processed and relevés in thick set crops and stubble were taken from
parcels where herbicides were used, as well as from parcels where the application of
herbicides was reduced. Also, relevés in root crops were taken in the same manner. Weed
flora covered with four plant communities consists of 91 species. Results of correspondence
analysis of all association shows similarity of stands association do not stand out
subassociations. By projecting the plant communities on the mail components (Principal
Component Analysis) and comparting them to the ecological indices (variables), it shows that
Panico-Galinsogetum parviflorae depends on humidity the (F) and the chemical reaction (R),
while Panico-Portulacetum oleraceae shows the dependence on the nutrients (N). Association
Cynodono-Sorghetum halepense shows the dependence on the temperature (T) and the light
(L). Association Erigerono-Setarietum glaucae is separated because it develops on the
stubble.

Keywords: weed vegetation, ecological indices, Lijevce polje

Introduction

Weed flora and vegetation mostly depends of ecological conditions of the particular area, the
kind of the crop and applied agrotehnical measurments (Shrestha et al., 2002, Bara¢ and
Gari¢, 2004). There are several data about weed vegetation of the particular parts of the
Balkan Peninsula (Koji¢ et al., 1982; Hadac et al., 1997; Dujmovi¢-Purgar and Hulina, 2004;
Silc, 2005; Kropag, 2006).

The weed vegetation has not been thoroughly researched in the area of Bosnhia and
Herzegovina and Republika Srpska. In a study of weed vegetation of the Pannonian basin in
the Republic of Srpska in row crop, Sumati¢ (1997) noted association Panico-Galinsogetum
parviglore Tiixen et Becker 1942, which has distinguished Panico-Galinsogetum
ambrosiosum artemisifoliae facies, and associations Galeopsi-Calistegietum sepii Stepi¢ 1984
and Erigerono-Setarietum glaucae (new ass.) in small grains, which is the first serious study
of weed vegetation in this area. Weeds in orchards also have been neglected until the research
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Mitri¢ (2004). Kovacevi¢ (2008) has been doing research of the vegetation of weeds and
vineyards in Bosnia and Herzegovina and found eight associations.

Studying of the weed vegetation in the area of Lijevce Polje is neglected. The last serious
research of the vegetation of weed in Lijevce has been done by Kovacevi¢ (1956) where two
associations are noted. In the grains society we have Trifolium arvense-Scleranthus annuus
with 62 weed species in grains, and as far as root crops are concerned, there are 64 species
under association of Oxaleto-Chenopodietum polyspermi medioeuropeaneum. The aim of the
paper is to analyze the weed vegetation in the LijevCe polje area from the floristic, ecological
and phyto-geographical aspects.

Material and methods
Floristic-phytosociology researches were performed by the principles and methods Braun-
Blanquet (1964). The research includes 61 regions from the area of four municipalities
(GradiSka, LaktaSi, Srbac and Kozarska Dubica) in Bosnia and Herzegovina where 49 relevés
were taken. Vegetation research in the field included taking of relevés on test area of 100 m>:
space in row and between rows in orchard and vineyard, in grain crops and stubble from the
whole area, root crops, and space between the rows. Relevés in orchards and vineyards on the
territory of LijevCe polje were taken in neglected orchards and vineyards and in vineyards
which are extensively processed and relevés in thick set crops and stubble were taken from
parcels where herbicides were used, as well as from parcels where the application of
herbicides was reduced. Also, relevés in root crops were taken in the same manner.
Determination of the plant species was performed according to Josifovi¢ (1970), Domac
(1994) and Javorka and Csapody (1979). Taxonomy and the nomenclature were given
according to Josifovi¢ (1970). Ecological optimum for each weed species was determined
according to Koji¢ et al. (1997). There are ecological indices for the soil humidity (F),
chemical reaction of the soil (R), content of nitrogen in the soil (N), light (L) and temperature
(T). Statistical processing of the data was dane by using the program BioDiversity pro (1998)
and SPSS 21.0 (2013). Phytosociologic differentation of the associations included the
numerical classification which was completed by corrresponence analysis (Sneth and Sokal,
1973).

Results and discussion
In order to have a better control of weeds in the agroecosystem, it is necessary to have
knowledge about their floristic composition as well as the characteristics and dynamics of
their communities in comparison with ecological conditions which dominate particular area
(Kovacevic¢ et al., 2017). Based on the two-years long floristic-phytosociology research it can
be concluded that the weed vegetation in Lijevce polje area consists of four communities.
Weed flora of four plant communities consists of 91 species. Species that have higher degree
of presence (11-V) and higher cover value are shown in Table 1.

Table 1. Synoptic table of the plant communities in Lijev¢e polje area.

Associations™ Pan-Gal Pan-Port Cyn-Sorgh Erig-Seta
Number of species 71 52 34 67
DP-A**
Characteristic species of the associations

Panicum crus-galli L. v+ v - T
Setaria glauca (L.) P. B. e s "3 v
Sorghum halepense (L.) Pers. 12 n= | v -
Cynodon dactylon (L.) Pers. %3 %3 \Val 1
Galinsoga parviflora Cav. Iv+? e 12
Portulaca oleracea L. |2 - I
Erigeron canadensis L. I Hnr
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Other species
+-.

Ambrosia artemisifolia L. v Vi v*3 v
Convolvulus arvensis L. v e [ v+
Amarantus retroflexus L. 12 "2 et In*
Daucus carota L. 12 I 1" "2
Polygonum lapathifolium L. 12 [*2 " -t
Chenopodium album L. et I et nr
Plantago mayor L. [*4 ] I "
Roripa sylvestris L. e I 1" I
Calystegia sepium (L.) R.BR. "2 12 12 I*
Ranunculus repens (e I* I -2
Agropyrum repens (L.) Beauv. I* I* I* "t
Anagalis arvensis L. I" I I* "
Sonchus oleraceus L. I I I "
Digitaria sanguinalis (L) Scop. 12 [*2 12
Stenactis annua (L.) Ness. 12 [*2 "
Rumex obtusifolius L. I 12 |+
Polygonum aviculare Agg. L. I* I* et
Verbena officinalis L. I I "
Achillea mellefolium L. I*2 [+

Abutilon theophrasti Medic. et I
Cirsium arvense (L) Scop. n It
Oxalis stricta L. I "
Viola arvensis Murr. I n

|

Prunela vulgaris L. * "

Myosotis arvensis (L.) Hill. I "
Species that have a degree of presence | are: Symphytum officinale L., Trifolium pratense L., Poa annua L.,
Rubus caesius L., Papaver rhoeas L., Erodium cicutarium (L.) L'Herit., Raphanus raphanistrum L., Rumex
acetosellOa L., Crepis setosa Mall., Sonchus arvensis L., Silene alba (Mill.) E. Krause, Verbascum blattaria L.,
Crepis capillaris (L) Wallr., Cychorium intybus L., Setaria viridis (L.) P. B., Medicago lupulina L., Epilobium
hirsutum L, Cirsium eriophorum (L.) Scop., Stachys palustris L., Artemisia vulgaris L., Lysimachia vulgaris L.,
Veronica polita Fr., Datura stramonium L., Origanum vulgare L., Picris hieracioides L., Stachys officinalis (L.)
Trev., Trifolium arvense L., Rumex crispus L., Bidens tripartitus L., Vicia cracca L., Sinapis arvensis L., Torilis
arvensis (Huds.) Link., Matricaria inodora L., Galium mollugo L., Festuca arundinacea Schreb., Stachys annua
L., Xanthium strumarium L., Equisetum arvense L., Leucanthemum vulgare Lam., Taraxacum officinale Web.,
Mentha arvensis L., Potentilla reptans L., Lamium purpureum L., Trifolium repens L., Epilobium palustre L.,
Solanum nigrum L., Lythrum salicaria L., Mentha longifolia (L.) Huds, Stellaria media (L.) Vill., Holcus
lanatus L., Plantago lanceolata L., Lactuca serriola L., Humulus lupulus L., Scrophularia scopoli Hoppe,
Veronica hederifolia L., Sonchus asper (L) Hill., Capsella—bursa pastoris (L) Medic., Bellis perennis L. and
Ranunculus arvensis L.

Legend:

*Pan-Gal-Panico-Galinsogetum parviflorae; Pan-Port-Panico-Portulacetum oleraceae; Cyn-Sorgh-Cynodono-
Sorghetum halepense; Erig-Seta-Erigerono-Setarietum glaucae **DP-degree of presence (I-V), A (+,1,2,3,4,5)-
abundance of the species

Ass. Panico-Galinsogetum parvflore Tiixen et Becker 1942 is widespread in row crops and
growing crops (Sumatié¢ 1997; Mitrié 2004; Kovadevié et al. 2017). In the area subjected to
research the association Panico-Galinsogetum parvflore Tiixen et Becker 1942 takes an
important place in weed vegetation in Lijevée polje area. It can be found in orchards,
vineyards, small grains and row crops. Results of correspondence analysis (Figure 1a) show
certain similarities of stands association and any subassociations do not stand out. Stands 3
and 15 are singled out from other stands.

Ass. Potrulacetum oleraceae Lozanovski 1962 is firstly described in Macedonia. Kovacevié
et al. (2017) described this association in vineyards of Bosnia and Herzegovina. Stands of this
association appear in various row crops but in growing crops, too. In weed vegetation of
Lijevce polje area this association is row crops such as corn and watermelon and in orchards
which are extensively farmed. Correspondent analysis shows a certain similarity of the
floristic composition of association stands where stands 9 and 10 are at a distance from the
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groups of stands in in a coordination diagram. (Figure 1b). This distance of stands is due to
the fact that they were registered in the orchard, while others were registered in row crops and
small grains.

Ass. Cynodono-Sorghetum halepense (Laban 1974) Koji¢, 1979 was described in the most
details in Kosovo (Koji¢ and Pej¢inovi¢ 1982). Stands of association usually occur in row of
orchards, as well as in row crops such as corn. In vineyards of Bosnia and Herzegovina this
association was described by Kovacevi¢ et al. (2015). In Lijevce polje area the association is
typically present in corn crop, soy crop, beans crop, and in row of orchards. Correspondent
analysis showed similarity in terms of floristic features between the first group of stands
under the numbers 1-8 and the second group numbered 9-13. Stands 9, 10 and 13 stand out
from the rest (Figure 1c).

Ass. Erigerono-Setarietum glauce Sumatié¢ 1997 was primarily described as the weed
community of stubble in Semberija region, all the way to Doboj. Also, this association was
described in vineyards of Bosnia and Herzegovina (Kovacevi¢ et al., 2017). In weed
vegetation of Lijev¢e polje area this association is widespread on stubble, row crops (corn)
and in orchards. Results of correspondent analysis confirm the similarity of the floristic
composition. Stands 6 and 12 stand out from the other stands (Figure 1d). Stand 12 was
registered in an orchard and is floristically richer than the stands registered in row crops.

. 11 R
9 . I.J.:.“" :'
Panico-Galinsogetum parviflore (a) Panico-Portulaceum oleraceae (b)
|
K : E|'; .4 "
L] .‘I :
. 0 ,‘\?"'* )
Cynodono-Sorghetum halepense (c) Erigerono-Setarietum glauce (d)

Figure 1. The correspondence analysis of stands of four plant communities.

In terms of ecological relations between described plant communities, according to the
ecological indices of the total floristic composition of each community and the established
number and coverage of each species in the community, the statistical process of the data was
undertaken. Starting from the correlation matrix of the average values of five ecological
indices (F, R, N, L, T) for four communities described (Table 4, Table 5), and by applying the
method PCA (Principal Component Analysis), the reduction of the beginning group of the
changeable (ecological indices) is undertaken onto two main components which explain of the
variability of the beginning the changeable.
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Table 4. Matrix of Pearson’s correlation coefficients of ecological indices.

Correlation F R N L T
F 1.000 .906 .756 -956  -.805
R .906 1.000 411 -890 -.814
N .756 411 1000 -710 -.429
L -.956 -890 -710 1.000 .619
T -.805 -814  -429 .619  1.000

Table 5. Correlation of principal components with the initial variables.

Variables Component
PC1 PC2
F 252 .063
R 232 -479
N 184 923
L -.239 -.162
T -.209 543

Biplot diagram (Figure 2) shows the ecological indices and it is given the projection of the
some plant communities onto the main components (IBM SPSS, 2013). The sharp angles
between the vectors show the positive correlation while the obtuse angle shows shows the
negative correlation of the appropriate changables. So the values of the ecological indices F
and R as well as N are positively correlated, and values of the indices L and T are negatively
correlated.

Association Cynodono-Sorghetum halepense shows the dependence on the temperature (T)
and the light (L), while association Panico-Galinsogetum parviflorae shows the dependence
on the humidity (F) and the chemical reaction (R). Association Panico-Portulacetum
oleraceae shows the dependence on nutrients (N), while association Erigerono-Setarietum
glaucae is different because it grows on stubble.

Covppaemrt Pral

Coamparert ]

Figure 2. Biplot diagram of plant communities and ecological indices.

Conclusion
On the researched area, it was clarified that four weed plant communities that are
characterized and clearly defined which is conditioned by reduced applying of the herbicides
and generally weaker agronomic practices which reflected on the floristic difference since it is
known that the intensive applying of the herbicides and the other agronomic practices leads to
the significant changes of the structure and makes the biodiversity of the weed communities
much poorer. This paper shows a comprehensive and fundamental research of weed flora in
Lijevée polje area, considering that the latest research was conducted in 1956. Detailed
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analysis of the weed vegetation should serve as a basis for successful planning and
implementation of measures of weed control.
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Abstract

Tartary buckwheat (Fagopyrum tataricum L., Gaertn) is an annual plant from Polygonaceae
family. This species is mostly grown in Asia where it is used as a traditional food. In Bosnia
and Herzegovina, Tartary buckwheat is grown sporadically and mostly in a mixture with
Common buckwheat. In some plant species, increasing the planting density may be used to
increase grain yield in crops. The aim of this study was to determine the impact of different
planting densities on yield and total phenolic contents in kernel. During three study years
(2011-2013), three different planting densities were used: 200, 300 and 400 seed per m?.
Experiment was set up by randomized block method in four repetitions at the village Donje
Selo, near Ilijas. The result showed that plant density did not have a significant effect on plant
height, 1000-grain weight, hectoliter mass and phenol contents. Grain vyields were
significantly dependent on plant density and the year of the study. The lowest grain yield
(1666 kg ha™) was recorded in the sowing variant with 200 seed per m? and the largest grain
yield (2215 kg ha™*) was recorded in sowing variant with 400 seed per m2. Phenol contents in
kernels depended on years of investigation and ranged from 1.07 to 13.94 mg g™*.

Keywords: tartary buckwheat, plant density, yield, total phenolic.

Introduction
Buckwheat is an annual plant and belongs to the family Poligonaceae, which includes two
cultivated species: common buckwheat (Fagopyrum esculentum) and tartary buckwheat
(Fagopyrum tataricum). In general, morphological characteristics and growing technology of
tartary buckwheat are similar to common buckwheat, but there are some differences. Tartary
buckwheat has many desirable characteristics such as higher seed vyield, self-pollination
ability, frost resistance, and overall plant vigor. Thanks to the chemical composition, grain of
buckwheat is primarily used to obtain high quality flour. Unlike flour of wheat and other
cereals, buckwheat’s flour contains proteins with good balanced amino acids and have all of
essential amino acids (Selimovi¢ et al., 2014). In addition to the grain, used to obtain different
products, buckwheat recently became more popular due to the use of other plant parts (leaves
and flowers) due to their positive impact on human health. Healing properties of buckwheat
are derived from the content of the phenolic compounds. The routine has the highest
representation of the total phenol. According to Golob et al. (2016) tartary buckwheat
contains about a hundred times more rutin than common buckwheat. The ability of buckwheat
to synthesize phenolic compounds has emerged as an evolutionary response to adverse
conditions of success (Germ, 2004). Content of phenol in buckwheat depends on the species
and the variety of buckwheat (Bystricka et al., 2010; Christa and Soral-Smietana, 2008),
altitude (Guo et al., 2001), location and weather conditions (Saka¢ et al., 2014 and Suzuki et
al., 2005). It is believed that the use of buckwheat contributes to the alleviation or prevention
of many today's common diseases.Consummation of buckwheat is considered to relieve and
heal diseases such as diabetes (Kawa et al., 2003; Li et al., 2016), high blood pressure
(Tomotake et al., 2001) and it has anticancer activity (Park and Park, 2004). Buckwheat is
mainly produced in moderate climatic zones and in mountain regions. According to FAO data
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(FAOStat, 2018), in 2016, it was cultivated on an area of 2.37 million hectares globally. In
Bosnia and Herzegovina, Tatarary buckwheat is grown sporadically and mostly in a mixture
with common buckwheat. According to 2018 data, B&H cultivation area of buckwheat is
1056 ha and its average yield is 1.07 t ha’ (FAOStat, 2018). Generally, in the world,
buckwheats sowing range per area unit ranges from 40 to 100 kg ha™ and it depends on the
way of sowing. Literature data is different when it comes to optimal number of plants per area
unit. Researchers who worked with the plant density of buckwheat agreed that it significantly
changed the yield and may also have an effect on the content of total phenols (Gavri¢ et al.,
2016; Gadzo et al., 2007). In Bosnia and Herzegovina there is only a few scientific papers
related to this type of research, thus the focus of this research has been set based on these
facts. The aim of this study was to determine how different planting densities reflects on yield
and total phenolic contents in kernel.

Material and Methods

Field experiments were conducted in 2011, 2012 and 2013 growing seasons in the village
Donje Selo, near Ilijas. Tartary buckwheat (Fagopyrum tataricum) originates from
Luxembourg and it was used in this research. Factors of this experiment were three different
planting densities: 200 (S1), 300 (S2) and 400 (S2) seed per m?. Experiment was set up by
randomized block method in four repetitions. The size of basic plot was 4,8 m% The seeds
were sown when the soil temperature was10 °C and the sowing was done manually. During
the vegetation weeds were removed manually. Plant height and yield were measured in the
field. 1000-grain weight, hectoliter mass and phenol contents were determined at Laboratories
of the Faculty of Agriculture and Food Science Sarajevo. The total phenolic contents of
ethanolic extracts were measured using Folin Ciocalteau reagent as described by Bystricka et
al. (2010). Statistical analyses were made using SPSS 22 software programs. The monthly
average temperature and precipitation amount was monitored during the period of the
research (2011-2013). Data from Meteorological station at Sokolac were used for weather
condition analysis (Table 1). During the research period, especially during 2012, above
average warm weather was recorded. In 2012, July was the hottest month with the
temperature higher than a year-long average for 4.4°C. The temperature increase was
accompanied by droughts, with small amounts of rain, especially during the summer when it
was most needed for buckwheat. Drought was particularly pronounced during 2011 and 2012,
during the period of flowering and grow of grain. The weather conditions in 2013 were more
favorable compared to the other two years (2011 and 2012).

Table 1. Average monthly temperature and Amount of rainfall

Month
I " " v Vv VI Vil VIl IX X X1 Xl

Year Average monthly temperature (°C) Average
11%%%) -4.8 2.2 1.6 6.4 114 143 160 155 120 7.2 2.1 -2.8 6.4
2011. 2.5 -2.4 1.8 7.7 11.0 158 175 182 155 6.4 0.8 -1.0 7.4
2012. 4.5 7.2 36 74 10.9 18.7 20.4 19.7 15.1 9.5 6 2.8 8.1
2013. 0.7 0.0 2.3 8.9 125 156 181 185 123 9.4 47 -1.6 8.3

Amount of rainfall (mm) Amount
1961- 55 g 56 62 73 84 73 70 66 66 84 71 805

1990

2011. 30.2 27.6 28.8 42.7 123 62.8 82.2 9.2 36.7 59.6 23.7 100.1 626

2012. 90.8 1006 236 937 2051 116 77.6 0.6 59.4 67 50.7 80.7 861

2013. 1261 1389 717 44 1215 414 28.4 70.6 108 785 70.8 5.7 905
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Results and Discussion

The plant height is an important morphological characteristic that can effect on lodging crops
and lead to loss of yield. The results of the research presented in Table 2 show that plant
height has not been significantly dependent on years of research and plant density. During the
first year of research (2011), buckwheat was higher for 11.3 cm. Higher plant height was
probably caused by bigger amounts of rainfall at the beginning of this year. Similar results
were obtained by Glamoclija et al. (2012), who recorded 8.2% lower plants at relatively
unfavorable weather conditions (lack of rain) compared to those grown in favorable weather
conditions. Similar observations have been also reported by many authors (Ikanovi¢ et
al.,2013; Maleti¢ and Jevdovi¢, 2003).

Table 2. Plant height, 1000-grain weight and hectoliter mass

Plant Plant height (cm) 1000-grain weight (g) Hectoliter mass (kg)
density 2011. 2012. | 2013. | Average | 2011. | 2012. | 2013. | Average | 2012. | 2013. | Average
S1 99.3 81.3 85.3 88.7" 174 15.8 155 16.2 50.6 615 60.5™
S2 100.7 94.0 91.9 955" 17.7 156 152 16.1" 61.0 625 61.7"
S3 99.0 9.5 88.1 945" 176 121 15.2 15.0" 60.1 60.8 60.4™
Average 99.7" 90.6™ | 88.4™ 17.6° 145° | 15.3° 60.2" 61.6™

The 1000-grain weight, which is an indicator of grain yield, was significantly dependent on
years of research. By observing years of research, the 1000-grain weight value ranged from
14.5 g (2012) to 17.6 g (2011). The lower 1000-grain weight, which has been noted in the
second year of research (2012) was the result of lower percipitation levels. These results are
similar to Alekseyeva et al. (2001). They found that different agro-ecological conditions in
some years have a significant impact on this research feature. Considering sowing variants,
the highest value of 1000 grain weight was recorded in S1 variant (16.2 g) and the lowest was
in S3 variant (15.0 g). Observed plant density factor over the years of research statistically did
not show significant effect on the 1000-grain weight, but it had a negative impact on its value.
Hectoliter mass, which is the first indicator of grain quality ranged from 59.6 to 62.5 kg.
Difference in hectoliter mass was under the influence of plant density and the years of
research were random, which was not statistically significant.

Table 3. Grain yield and Phenol contents

Yield (kg ha™) Phenol contents (mg GAE g™)
Plant density
2011. 2012. 2013. Average 2011. 2012. 2013. Average
s1 1308.0 1420.2 22725 1666.9° 117 13.94 1.46 552"
S2 1722.7 1959.0 22427 1974.8% 1.09 12.52 1.49 5.03"
s3 23177 1862.2 2465.0 2163.6° 1.07 9.24 151 3.94"
Average 1515.4° 1747.1° 2326.7° 1.11° 11.90° 1.49°

Observing the results from Table 3, it can be concluded that yield significantly depended on
the plant density and the year of research. Grain yield was in a positive relation with the sown
density. Average grain yield in the S1 variant was 1666.9 kg ha', which increased the plant
density to 1974.8 (S2) and to 2163.6 kg ha! (S3). With relative indicators, yield increase was
15.6% (S2) and 22.9% (S3). A similar effect of sowing density was observed in all years of
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research. Many researchers have also reported higher grain yield at higher planting densities
(Gavri¢ et al., 2017; Thakuria and Gogo, 2000; Singh and Arya, 1996).

This study showed that plant density increase had a positive effect on yield. However,
sometimes, an increase in plant density can cause reduction of yield. Gadzo et al. (2007) and
Vilcans et al. (2013) found that by increasing the sowing density reduced the yield. They
concluded that the higher planting density leads to lodging and then reduces yield.

In this work, significant yield variations also have been recorded for the years of research.
The highest average yield was recorded in 2013 (2326.7 kg ha') and it was significantly
higher than the yield in 2011 (1515.4 kg ha') and in 2012 (1747.1 kg ha'). Reason why
buckwheat achieved the highest yield in 2013 is due to relatively favorable weather
conditions. Many studies have shown similar effects years of research on grain yield during
the years of research (Glazova, 1998; Gavri¢ and Gadzo, 2011; Popovi¢ et al., 2014).

The results of this research shown in Table 3 show that the content of phenol depended on the
years of research. During 2012 (11.9 mg GAE g™ SM), all plant density variants had a high
content of phenol and it was about ten times higher than in 2011 (1.11 mg GAE g SM). High
content was recorded in the year with higher average monthly temperature, and based on this,
it can be concluded that the weather conditions are the cause of those differences.
Lumingkewas et al. (2015) and Kreft et al. (2013) also concluded that temperature and
humidity influenced phenol contents. The three-year average shows (Table 2) that total phenol
contents did not significantly depend on plant density, but there are some differences. The
lowest content of phenols (3,94 mg GAE g*) was recorded in S3 variant and the largest
content (5.52 mg GAE g™) was recorded in S1 variant.

Conclusions
According to the presented results of the research, effects of plant density on yield and total
phenolic contents of tartary buckwheat during the seasons of 2011, 2012 and 2014, the
following conclusions can be reached:

- plant height, 1000-grain weight, hectoliter mass and phenol contents demonstrated no
significant changes under the influence of plant density, but they depended on the year
of research;

- the grain yield significantly depended on plant density and the year of research;

- th2e largest grain yield (2215 kg ha™) was recorded in sowing variant with 400 seed per
m-;

- phenol contents in kernels depended on years of research;

- high content of phenols was recorded in the year with relatively unfavorable weather
conditions.
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Abstract

A field experiment was conducted during 2016-2018 growing season on the experimental
field of the Crop Science Department at the Agricultural University of Plovdiv (Bulgaria).
The experiment was arranged using the block method as split plot in three replications and
plot size of 10 m? Comparative assessment of the biological productivity of the tested
Trismart, Musala and Kolorit (standard) varieties was made between the variants with
application of PGRs under the action of lower and higher fertilizer rate. The foliar application
of the PGRs followed in BBCH 31. During the vegetation of triticale, fresh plants were taken
at stages: tillering-leaves, spike emergence-leaves, stem, spikes, maturity- straw, spikes,
grains, glumes. The results from the study showed, that the effect of the mineral fertilizer at
stage steam elongation on the biomass accumulation of triticale was better expressed than the
differences between the varieties. The lowest biological productivity at this growth stage
during the years of the study was detected in all varieties treated with the lower fertilizer
levels. The higher fertilizer level itself led to 7-8% increase of the dry biomass accumulation
during the years of the study. Similar percentage increase was observed in the variants treated
with higher fertilizer level in combination with the plant growth regulators. In the analysis of
the varieties regarding the different fertilizer level, there were no differences in the organ
distribution compared to the total biological yield and by all treatments the straw occupied the
largest share, followed by the grain and glumes. The biological yield of triticale at maturity
during the period 2016-2018 was mainly formed by the straw, whose share by the different
treatments and varieties varied from 47.15 to 50.28 %.

Keywords: Biomass accumulation, Fertilization, PGRs, Triticale, Varieties.

Introduction

Cereals are worldwide the most important cultivated crops and account for the main sources
of energy and protein in human and domesticated animal diets (Rajaram, 1995). The rising
demand for food in developing countries due to the high population growth rates continues to
be a significant problem worldwide. Many of the developing counties rely on the import of
large quantities of cereal crops such as mainly wheat, rice, maize and barley to meet their
food and feed grain needs (Curtis, 2002). In these countries an increase of the national cereal
production can be achieved through increasing average yield per unit area or expanding the
production area into more marginal lands (Mergoum et al., 2004). Under these environmental
conditions triticale can be a viable alternative due to its ability to produce higher biomass and
grain yield compared with other cereal over a wide range of soil and climatic conditions
(Gulmezoglu et al., 2010; Hein and Waschl, 2015; lon et al., 2015; Kurowski et al., 2013;
Madic et al., 2015). Produced by crossing two different species - wheat and rye with the main
goal to combine the superior agronomic performance and the end-use qualities of wheat with
the stress tolerance and adaptability of rye, today triticale is cultivated on over than 4 million
ha (FAO, 2016). With the aim to evaluate the influence of PRGs and different fertilization
levels on the biomass accumulation of triticale varieties, a field experiment was conducted.
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Material and Methods

In the period 2016-2018 a field experiment was set on the experimental field of the Crop
Science Department at the Agricultural University of Plovdiv, Bulgaria. Three triticale
varieties were used - the standard Kolorit, Musala and Trismart. The experiment was arranged
using the block method as split plot in three replications and plot size of 10 m? planted in the
sowing rate of 550 germinated seeds after predecessor sunflower. The action of the PGRs
Vitafer Algi (VA) and Vitafer Green (VG) and the untreated (NT) control variants was traced
under two different fertilizer levels NgPsK; and Ni,P10Ks. The PGRs were applied in the
beginning of stem elongation (BBCH 31). To achieve the aim of the study, during the
vegetation of triticale, fresh plants were taken by stages as follows: tillering — leaves; spike
emergence-leaves, stems, spikes; maturity — straw (leaves + stems), spikes, grains, glumes.
The plants were taken from % m™, divided into organs, dried to an absolutely dry mass and
weighed. The soil on the experimental field of the Agricultural university - Plovdiv has been
determined as alluvium, which based on the international classification of FAO belongs to the
category of Mollic Fluvisols (Popova et al., 2012). The soil in this region has been developed
on sandy-clay and sandy-gravel quaternary deposits, with power of the humus horizon of 20-
40 cm. The results were analyzed using the software package IBM SPSS Statistics 22. In
order to establish statistically significant differences between the variants, a dispersion
analysis (ANOVA) was applied.

Results and discussion

The biomass accumulation at growth stage stem elongation was reported at the end of the
period (Fig. 1). In this phase were not observed significant differences between the examined
varieties, as by the untreated with growth regulators variants the lowest biomass accumulation
of 242.84 kg da™ in 2016 was determined in Musala variety and the highest in the standard —
260.84 kg da™*, while in 2017 the lowest biomass was recorded in the standard (350.64 kg da’
1y and the highest in Trismart variety (421.36 kg da™). In all of the studied varieties the
application of the regulators led to rise in the biomass accumulation with circa 8 % compared
to the untreated variants. The growth stage spike emergence was characterized by the
intensive linear growth of the vegetative organs, which significant increased the biomass
accumulation of the varieties. In Kolorit and Trismart varieties the biomass accumulation
increase compared to the untreated with growth regulators variants varied between 6-7%,
while in Musala variety the increase was 8 %, from 684.90 kg da™ for the untreated to 788.09
kg da™ for the treated with VA. In the second year as a result of the better climatic conditions
the biomass accumulation of the untreated variants varied from 1065.25 kg da™ in Trismart
variety to 1137.68 kg da™* in Musala variety, which is 6 % higher than the previous year. As a
result of the application with VA in phase maturity the biomass accumulation rose with
192.56 kg da™ in Kolorit variety, 145.30 kg da™ in Musala variety and 136.56 kg da™ in
Trismart variety during the first year. Similar increase was observed as a result of the
application of VG. In the second year Trismart variety reached the highest biomass
accumulation of 1756 kg da™ due to the VA application, while in Kolorit and Musala varieties
the highest increase of respectively 1579.08 kg da™ and 1691.73 kg da™ was observed after
the VG application.
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Figure 1. Dry biomass accumulation (A- lower fertilizer level; B-higher fertilizer level)
The results from the study showed, that the effect of the mineral fertilizer at stage steam
elongation on the biomass accumulation of triticale was better expressed than the differences
between the varieties. The higher fertilizer level itself led to 7-8% increase of the dry biomass
accumulation during the years of the study. Similar percentage increase was observed in the
variants treated with higher fertilizer level and the plant growth regulators, moreover at stage
maturity during the first year of the study Trismart variety with yield of 1396.05 kg da™ was
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the most productive, than in Kolorit variety (1370.60 kg da™*) and Musala variety (1334.01 kg
da™). In the second year the tendency was the same and the combined treatment with the
higher fertilizer level and VG led to the highest dry biomass accumulation in Trismart variety
(1686.87 kg da™) and the lowest in Kolorit variety (1520.94 kg da™).

Table 1.Biomass yield in maturity average for the period 2016-2018 under higher fertilizer
level, kg da™
Biomass yield % of the total yield
straw grain | glumes | total straw | grain | glumes
NT 637.56° | 481.41% | 165.45% | 1284.42%| 49.78" | 37.46° | 12.76°
Kolorit VA 720.16" | 618.35" | 189.84° [1528.35°| 47.15% | 40.45° | 12.40°
VG 713.59° | 597.26" | 187.13° [1497.98"| 47.75% | 39.88° | 12.37°
NT 696.21% | 520.62% | 172.12% [1388.97°| 50.28" | 37.44% | 12.28"
Musala VA 765.88° | 609.95" | 172.95% |1548.78" | 49.50° | 39.37° | 11.13°
VG 765.29° | 613.31° | 168.29% |1546.91°| 49.76" | 39.53° | 10.70%
NT 651.61% | 530.51% | 183.16° | 1365.30%| 47.90% | 38.93% | 13.16°
Trismart| VA 725.96" | 619.17° | 215.68° |1560.81°| 46.63% | 39.80° | 13.57°

VG | 715.48° | 623.13° | 219.51° |1558.13"| 45.93* | 40.17° | 13.90°
*Values with the same letters do not differ significantly

Variety | Treatment

In the analysis of the varieties regarding the different fertilizer level, there were no differences
in the organ distribution compared to the total biological yield and by all treatments the straw
occupied the largest share, followed by the grain and glumes (Tabl. 1 and 2). The biological
yield of triticale at maturity during the period 2016-2018 was mainly formed of the straw,
whose share by the different treatments and varieties varied from 47.15 to 50.28 %.

Table 2. Biomass yield in maturity average for the period 2016-2018 under lower fertilizer
level, kg da™
Biomass yield % of the total yield
straw grain | glumes | total straw | grain | glumes
NT 635.00% | 526.75% | 135.57% | 1297.31%| 49.09° | 40.58° | 10.33?
Kolorit VA 685.65° | 589.87" | 158.71° [1434.23"| 47.79% | 41.19° | 11.02°
VG 670.36° | 570.83" | 154.02° [1395.21°| 48.03° | 41.05° | 10.92°
NT 665.04° | 552.96% | 137.67% |1355.67%| 49.17° | 40.86" | 9.97°
Musala VA 700.73° | 590.31° | 151.23° [1442.27°| 48.77° | 40.94° | 10.29°
VG 729.89° | 596.74° | 154.87° |1481.49°| 49.50° | 40.24% | 10.27°
NT 717.04° | 572.18° | 145.11% [1434.33"| 50.04° | 39.93% | 10.03
Trismart| VA 745.66° | 592.61° | 167.40° | 1505.67¢] 49.62° | 39.35% | 11.03°

VG 754.72° | 615.09° | 171.65° [ 1541.46°| 49.01° | 39.94% | 11.05°
*Values with the same letters do not differ significantly

Variety | Treatment

The positive correlative interaction between the PGRs and fertilizer level, which generates
yield increase was reported from many researches (Mac’kowiak et al., 2001; Starczewski,
Bombik and Dopka, 2002; Wierzbowska, Sienkiewicz and Bowszys, 2010). The results
indicated that the biomass formation of triticale as response of PGRs treatment would vary
under the different fertilization levels.
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Conclusion

At maturity the straw were with the largest share of the plant, followed by the grain and the
spikes. However by the two fertilizer levels Trismart variety had the largest total biomass
yield and the combined treatment with fertilizer and VG led to the highest percentage share of
the grain (40.17%; 49.94%) compared to the Musala and the standard Kolorit varieties.

The foliar treatment with the both plant growth regulators can play an important role in
triticale biomass yield formation. Plant treated with the PGRs under different fertilizer rates
showed higher biomass accumulation compared to the control plants.
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Abstract

Annona is a subtropical crop of an increasing popularity in Lebanon. Its cultivation is
concentrated along the southern coast where climate conditions are the most suitable. Soil
analysis at this location revealed a dominance of calcareous-clay soils poor in iron. The paper
describes the results of an experiment which evaluated the effect of iron fertilization on the
vegetative growth of three annonacultivars obtained by self- or cross-grafting of sugar apple
(Annona squamosaL.: Sq) and Cherimoya (Annona cherimoya Mill.:Ch): Ch/Ch,Sg/Sgand
Sg/Ch and cultivated in South Lebanon. Annona scions were grafted on rootstocks of 12
months age and data collection covered various vegetative indicators during on 1 year, 2 years
and 3 years old plants. Iron (Fe) was provided to plants with irrigation water once per month
starting from April till October in year 1, 2 and 3 with of 30g/plant. Results showed an
improvement of vegetative growth in all cultivars compared to control plants during the three
years with superiority for the cross-grafted cultivar (Sg/Ch). Iron-fertilized Sg/Ch and
Ch/Chcultivars had the highestplant height (around 175cm), number of primary roots (around
42), length of primary roots (27cm), while the cultivar Sq/Ch developed the highest trunk
diameter (4.1cm), diameter of primary roots (3cm), leaf biomass (142g) and freshand dry
weights of roots (85g and149g respectively).Finally, iron fertilization improved the tolerance
of annona plants to the present soil conditions of the southern coast allowing a better
performance of plants during their juvenile stage.

Keywords: South Lebanon, annona, grafting, iron fertilization.

Introduction

Annonas is a genus of tropical fruit trees belonging the family Annonacea (Chatrou, 1999).
Territorial expansion of the family Annonaceae is limited due to specific environmental and
soil requirements (Encina et al., 2014). In fact, soil characters are extremely important for
annona cultivation (Nakasone and Paull, 1998). In some regions of the world, Annonas are
grown in calcareous soils. A common problem in these soils is an inadequate supply of
soluble Fe which results in Fe deficiency in many crops (Korcak, 1987; Tagliavini et al.,
1995) resulting in leaf chlorosis and growth and yield suppression (Zouari et al., 2001).
Consequently, a fertilization program based on preliminary soil analysis (Pinto et al., 2005) is
a prerequisite for excellent seedling growth and the production of good quality fruit (Pinto,
1975). An adequate supply of nutrients should be established targeting cultivated species
(Fuehring, 1973). On annona, the amount of fertilizer applied varies with age and stage of
growth. Thus, iron fertilization done in the second year should be done on soil analysis while
the one of the third year on leaf analysis basis (Silva and Silva, 1997).

Vegetative propagation is the usual way of propagating annona (Heenkenda et al., 2009).
Annonas are easily propagated by grafting although the success of grafting varies among
species and is influenced by the scion and rootstock compatibility. For instance, A. cherimoya
roostock is compatible with its own scion as well as with the one of A. squamosa, however A.
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squamosa rootstock is compatible with its own scion but has a low compatibility with the one
of A. cherimoya (Pinto et al., 2005). Cherimoya (Annona cherimola Mill.) is erect with an
upright fast growth (Gonzalez et al., 2012) reaching about 5-9 m and can tolerate a wide
range of soil types with moderate fertility. Sugar apple (Annona squamosa L.) is normally
smaller than cherimoya attaining heights of 3-7 m and grows best on fertile soils (Nakasone
and Paull, 1998; Folorunso and Olorode, 2006; SCUC, 2006; Orwa et al., 2009).

Lebanon is a coastal Mediterranean country characterized by various types of soils namely red
and brown soils, sandy soils, heavily weathered fersialitic soils of volcanic origin (Chalak and
Sabra, 2007). In Lebanon, Annonas are mainly cultivated in South Lebanon at an altitude of
0-200 meters above sea level (Yassine and Sassine, 2014) where calcareous soils are
dominant (Louay, 1997). These soils are characterized by low content in organic matter and
deficiency in nitrogen, zinc and iron (Fuehring, 1973).

Therefore, the current study was conducted in order to investigate the effect of iron
application among various annona cultivars formed by self- or cross- grafting of sugar apple
and cherimoya and cultivated in the calcareous soil of Southern Lebanese coast.

Materials and methods
Experimental site
The experimental orchard was situated in South Lebanon, at an altitude of 245 m.a.s.l (meters
above sea level). Based on Brown (2003) soil at the orchard was identified as calcareous clay
rich in phosphorus, nitrogen, sodium and calcium and poor in iron.
Treatments
Three annona cultivars were formed by self- or cross-grafting combinations of sugar apple
(Sg)and cherimoya (Ch); self-grafted sugar apple (Sg-Sq), self-grafted cherimoya (Ch-Ch)
and cross-grafted cultivar formed by sugar apple scion and cherimoya rootstock (Sg-Ch).
Splice grafting was adopted and rootstocks were of 12 months old. Seedlings of each cultivar
were transplanted with a distance of 4.5m between rows and 4m between plants into the
experimental field. Iron (Fe) was applied monthly through fertigation starting from April with
a dose of 30 g/plant. Vegetative growth was compared among plants grown in iron-fertilized
soil (S1) and those grown with no iron fertilization (S2) over three consecutive years (year 1:
2012, year 2: 2013 and year 3: 2014).The experimental design was a Randomized Complete
Block Design with 6 treatments and 30 replicates per treatment. Control consisted on 30
plants of each cultivar grown in S2.
Measurements
A destructive sampling was done at the end of vegetative growth of each experimental year on
10 plants per treatment including control. Randomly selected plants were subjected to various
measurements like plant height (from the soil level till the top of the plant), trunk diameter
(using sliding caliper), fresh weight of roots, number and length of primary roots (first
ramification from the main root), diameter of main roots and dry weight of roots (obtained
after oven drying till constant weight).
Data analysis
The effects of different factors: cultivar (Sg-Sqg, Ch-Ch, Sg-Ch), iron fertilization (S1 and S2)
and time (year 1, 2, 3) and their interactions on the averages of the measurements were
analyzed using Factorial ANOVA. Data analysis consisted on means = SE compared by
Fisher's least-significant differences test (LSD) with a Pyqu<0.05 and was performed using
STATISTICA10 Program.

Results and discussion
From the probabilities associated with Fisher statistics (Table 1) it was found that non-
interactive effects of the factors time (year 1, 2, 3), Fe (iron fertilization) and cultivar (self- or
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cross-grafting) were statistically (Pvalue<0.05) significant on all studied growth indicators.
Moreover, interactive effects of factors "Time*Fe", "Fe*Cultivar" and "Time*Fe*Cultivar"
were significant on averages of all indicators except plant height, length and diameter of
primary roots. In addition, interactive effects of the factors "Time*Cultivar" was statistically
significant on averages of all indicators except diameter of primary roots.

Table 1: ANOVA null hypothesis rejection probability for the effects of the experimental
factors and their interactions on the different measurements averages

PH [0 [NPR [LPR [DPR [FW.L [FWR [DW
Intercept 8'000 3'000 0.0000 8'000 8'000 8'000 0.0000 | 0.0000
Time 00991 2090 T o.0000 | 000 | 2090 13999 19,0000 | 0.0000
Fe 00991 2090 0,000 | 000 | 2090 13999 19,0000 | 0.0000
Cultivar 00991 2090 0,000 | 000 | 2990183999 10,0000 | 0.0000
Time*Fe 011999 To.o2ss | 950 | 2497 13999 10,0000 | 0.0000
Time*Cultivar 00991 2090 0,000 | 0% | 2245 18999 19,0000 | 0.0000
Fe*Cultivar (1"370 2'000 0.0165 8'449 2'847 8'000 0.0000 | 0.0000
Time*Fe*Cultivar 2'182 2'004 0.0000 2'642 2'366 8'000 0.0000 | 0.0000

P.H: plant height, T.D: trunk diameter, N.P.R: number of primary roots, D.P.R: diameter of primary roots,
F.W.L: fresh weight of leaves, F.W.R: fresh weight of roots, D.W.R: dry weight of roots

During the three experimental years, average plant height (Figure 1a) did not significantly
differ among the cultivars Sq-Ch and Ch-Ch, while it was significantly higher in both
cultivars compared to Sg-Sq in fertilized and non-fertilized plants (Sg-Ch/S1: 171 cm, Ch-
Ch/S1: 167 cm, Sq-Sqg/S1: 132 cm, Sg-Ch/S2: 169 cm, Ch-Ch/S2: 164 cm and Sq-Sq/S2: 130
cm). Differences in average trunk diameter (Figure 1b) as affected by iron fertilization were
only observed during the third experimental year on the cultivar Sg-Ch where iron-fertilized
plants of this cultivar had a significantly higher trunk diameter compared to non-fertilized
ones (4.2 cm in Sg-Ch/S1 compared to 4 cm in Sg-Ch/S2). In year 1 and year 2, average
trunk diameter did not differ among fertilized and non-fertilized plants of self-grafted
cultivars (Sg-Sq and Ch-Ch). In addition, in year 3, superiority of this indicator was observed
for iron-fertilized plants of Sg-Ch compared to all other treatments as well as to non-fertilized
plants of the same cultivar. Root development was increased between year 1 and year 2 and
did not significantly differ in year 3 in all plants. In year 1, average number of primary roots
(Figure 1c) did not significantly differ among cultivars despite iron application, while in year
2 and year 3 average values of this trait were significantly higher in Ch-Ch and Sg-Ch
compared to Sg-Sq. Iron application has only slightly improved number of primary roots in all
cultivars (by 3.4 %, 5.6 % and 3.3 % for Sg-Sqg, Ch-Ch and Sg-Ch respectively in year 3).
Primary roots of self-grafted sugar apple (Sg-Sq) did not significantly grow in length with
time with or without iron fertilization (11 cm in year 1, 12 cm in year 2, and 13 cm in year 3).
In addition, average length of primary roots (Figure 1d) was higher in Ch-Ch and Sg-Ch
compared to Sg-Sq despite the effects of time and iron application. Slight improvements in
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length of primary roots were observed in treated plants of all cultivars following iron
application. Best improvement was for self-grafted cherimoya in year 2 (21.6 cm and 20.4 cm
in S1 and S2 respectively). Observations on the average diameter of the main root (Figure 1e)
showed that cultivar (Sg-Ch) has developed the thickest main root among all cultivars
(respectively of 3cm compared to 2cm and 1.7cm in Ch-Ch and Sg-Sq cultivars in year 3).
Iron fertilization has positively affected this indicator in self-grafted cultivars (Sg-Sq/S1: 1.6
cm and Ch-Ch/S1: 1.8 cm compared to Sg-Sg/S2: 1.5 cm and Ch-Ch/S2: 1.7 cm) while it has
negatively affected it in the cross-grafted cultivar (Sq-Ch/S1: 2.7 cm compared to Sq-Ch/S2:
2.9 in year 2). Moreover, iron application has significantly increased the average fresh weight
of leaves in year 3 compared to control mainly in Sg-Ch and Ch-Ch (142g and 36g
respectively in S1 compared to 90g and 31g in S2). Finally, the cross-grafted cultivar (Sg-Ch)
had significantly the highest fresh (Figure 1f) and dry weights (Figure 1g) of roots despite
iron application among all cultivars in year 1, 2 and 3. For instance, in year 3 the average
fresh and dry weight of roots in S2 were respectively of 130g and 87g in Sq-Ch cultivar
compared to 70g and 479 in Ch-Ch and 65g and 43g in Sg-Sq. However, the application of
iron was significantly beneficial on both traits only in year 2 on the cross-grafted cultivar (Sg-
Ch) (improvement by 15.7 % and 10.5 % in fresh and dry weight of roots respectively).

e Sy
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Figure 1: Averages (middle‘markers) and the 95% limits of conﬁdenc'é (£2 x standard Error:
SE) (vertical bars) of various indicators

It is a well-known fact that there is a positive interaction between tree's canopy and its roots.
According to Heenkenda et al. (2009) the growth and production characteristics of a grafted
cultivar are influenced by both the rootstock and the scion; In fact cherimoya is a vigorous
and prolific plant (Pinto et al., 2005) confirming the current results concerning self-grafted
cultivar Ch-Ch plants height. Since the interaction between scion and rootstock is significant
(Heenkenda et al., 2009), the maximum plant height was recorded for cherimoya grafted on to
sugar apple rootstock. Besides, the highest trunk diameter was observed with the cross-grafted
cultivar due to the positive scion-rootstock interaction which amplified vegetative growth of
both cultivars. Indriyani and Karsinah (2011) have previously reported a better effect of cross-
grafting compared to self-grafting on trunk diameter of A. montana Macf. x A. muricata L.
cultivars. The well-developed and vigorous root system of Cherimoya was reflected by the
optimal length and number of primary roots of self-grafted Ch-Ch and cross-grafted Sg-Ch
cultivars. In fact, the grafting effect boosted the natural capacity of this rootstock leading to
the formation of a more ramified root system with optimal root biomass. Consequently, this
could have led to a better translocation of nutrients including iron leading to the formation of
greater leaf biomass in cross-grafted cultivar. Similar findings were reported by Sebaaly et al.
(2015) regarding cross-grafted cultivar Sq-Ch who found a positive interaction between sugar
apple scion and cherimoya rootstock which improved the vegetative growth of plants grown
in other type of soil.

On the other hand, iron application caused a slight improvement in the majority of indicators
uniformly on all cultivars except the diameter of main root indicating a positive response of
all plants to the newly available micro-nutrient. The most significant effect of iron
fertilization was on leaf biomass and trunk diameter. This positive effect was similarly
observed by Ojeda (2003) on annona plants grown in hydroponic system and by Bhanukar et
al. (2018) and Abay and Pirlak (2016).
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Conclusions
Combining cross-grafting and iron fertilization is an efficient method to optimize the
vegetative growth of annonas in Lebanon. Since sugar apple and cherimoya are the most
cultivated species in Lebanon, consequently the current work proposes a strategy to
ameliorate the adaptation behavior of species to the dominant soil characteristics in South
Lebanon.
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Abstract

This paper presents the diversity of pea plant genetic resources (PGR) and carries out an
analysis of the accumulated database for the National collection, supported by the Institute of
Plant Genetic Resources (IPGR) in Sadovo, Bulgaria. Numerous varieties, populations, forms
and breeding pea lines, diverse in phenotype, maturity, directions for use and productivity
represent the plant materials that are studied and preserved in the IPGR. Special attention is
given to the accessions of Bulgarian origin, as they take a central point of the studies
conducted in the Institute. The share of the indigenous pea forms is about 12.4% (out of total
number of accessions) as the oldest ones were collected during expeditions prior to 1950.
Most of the preserved varieties are a result of long-standing selection and people’s breeding
with a goal for green mass. They are characterized by high winter resistance and rapid early
spring growing (M-9, P-1, Nel55, 35 “, 37%, Podobren Plovdivski, Pleven 10, Mir). Other
varieties from these accessions are bred for dry seed (Pleven 4, Pikardi, Vessela). The third
ones are bred as a priority for lodging-resistance (Tedi, Amitie) and are adapted for direct
harvesting (affilate forms). The typical green pea varieties for canning and freezing (Uspeh,
Plovdivska perla) are stored at the Institute. A large number of old varieties and populations
are actively grown in organic farms with a closed production cycle, in home gardens and in
smaller farms. It should be mentioned that accessions with alien background are used as gene
donors of valuable features for the breeding process or for evaluation of their potential and
opportunities for utilization.

Keywords: Plant Genetic Resources, Pisum sativum L., Organic farms, Breeding process,
Utilization

Introduction
The pea collection is the biggest of all grain legumes preserved in the National Gene Bank.
The total number of accessions is 2560. About 25 % of pea collection is in long term
conservation, 50 % in middle term conservation and 25 % are in working collection.
The pea collection contains samples from 30 countries. It provides great opportunities for
using diverse plant material for scientific purposes, breeding improvement and for direct
implementation and reonization (Koeva et al, 1990; Angelova et al, 2001). The accessions are
grouped according to their important traits for the breeding program and for the farmers—
earliness, winter hardiness, productivity, and protein content. (IBPGR descriptors)
The aim of this paper is to analyze pea collection, studied by stages for a long period of time.

Material and Methods

Field trials

The article represents the agrobiological characteristics of pea collection since 1986
(Angelova,1986; Angelova, Ganeva, 1987). The accessions have a set of valuable qualities
(early maturing, lodging resistance etc.) and an economic assessment is made
(Angelova,1986; Angelova & Ganeva, 1987; Angelova, 2001; Angelova & Yancheva, 1996;
Angelova & Sabeva, 2013). According to the methodologies for preliminary study each
variety accession is sown in an experimental field with size of two m? two times, while for
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variety trials conducted in block method, the sowing is repeated four times as the size of the
plot is ten m? with a relevant standard for comparison. The sowing of spring varieties is
carried out as early as possible in the month of February or March. For the winter ones the
sowing is in the period from 20™ to 30™ October.

Soil and Climatic Conditions

The trials are conducted on cinnamon forest soil on the experimental field at the Institute of
Plant and Genetic Resources (IPGR) in Sadovo, Bulgaria. The town of Sadovo is situated in
the Upper Thracian Lowland with an altitude of 141 meters and is characterized by transient
continental climate. The winter is milder and the summer is hotter compared to Northern
Bulgaria. The average annual temperature is 12,4°C the lowest one is in January and the
highest in July. Sometimes the winter temperatures for two or three consecutive days drop
down to minus 18°C and some days even below minus 20°C to be important for survival of
winter pea varieties (Boyadjieva & Stankova, 1990). The amount of precipitation has its
highest values in May with 47,5 mm and the lowest ones in September with 14,9 mm.

Results and Discussion
The National pea collection contains plant genetic resources of different origin, breeding level
and botanical possessing. These resources provide an opportunity for improvement of
breeding programs in different directions: for food, canning and fodder. The pea accessions
are presented from the species of Pisum sativum ssp. arvense, ssp. Sativum, ssp. hortense, ssp.
transcaucasicum, ssp. asiaticum.
The accessions of foreign origin include mainly varieties and breeding lines with a specific
quality — gene donors for breeding material.
The plant material of Bulgarian origin occupies about 25%: indigenous landrace populations,
old and new breeding varieties, breeding lines and mutant forms. The oldest ones were
collected during expeditions prior to 1950. Most of the varieties are a result of long-standing
selection and people’s breeding with goal for green mass. They are highly winter resistant and
early rapid growing in the spring.
The soil and climatic conditions in Bulgaria are favorable for pea growing. The biological
characteristics allow to be grown as a spring and a winter crop. The first winter forage pea
variety Plovdivski podobren is zoned in 1961. Later were bred the varieties N2 30, Pleven 2,
Pleven 5 that are similar in phenotype to Plovdivski podobreno. Since 1979 Plevenl0, Lozen
38, Lozen 517 are zoned. During the 1980s and 1990s, Yubileyni, Mir and Vesela are included
on the variety list and still growing in Bulgaria (Ganeva et al, 1985; Angelova & Ganeva,
1987; Angelova & Kalaphieva 2015).
The accession number 37 from Knezha and accession number 63 from Kalofer could be
considered as typical indigenous pea forms. The accession number E-548 from Silistra is
added to the collection as a sample, brought by the international expedition in 1959. All of the
materials from the plant genetic resources of Bulgarian origin are characterized by high winter
resistability as the percentage of survived plants in winter conditions is from 80% up to 97%
for a period of 15-20 years. Large parts of them are late varieties and in unfavorable climate
conditions could not fulfill their biological potential. They could be used as gene donors for
improving winter resistibility of plant (Figure 1) (Ganeva et al, 1985; Angelova & Ganeva,
1987). The winter varieties Mir and Vessela are widely used in organic farming in Bulgaria.
They are plastic, rapidly growing and develop early in the spring, high productivity for green
mass and seeds. These varieties early give yields and allow the next crop sowing to be done
on the same plot. When damages from severe temperatures are observed on the central stem,
the plants from all elaborated winter varieties react as form basal branches. Their pods very
often completely compensate the productive opportunities of the central stem and give good
yields (Bastianelli et al., 1995; Decaux B, 1998).
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fig. 1 Winter resistance accessions

As a result of winter hardiness, the pea accessions are distributed in three groups: winter
hardiness — 80% - 100%; low sensitivity — 70% - 80%; high sensitivity — 60% - 70%
(Angelova & Ganeva, 1987). The main tendencies in the work with spring pea are focused on
expanding and enriching the collection of early and middle early forms. They make the most
of their biological potential in Bulgaria. The collection spring forms have a wide range of
early ripeness.
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fig 2. Maturity of spring pea accessions

Bulgarian weather conditions are characterized by early summer droughts and dry wind,
typical for the Thracian lowland area; the duration of the vegetation period is of great
importance. As for the supported collection of spring forms it is from 61 days up to 109 days.
(Angelova & Ganeva, 1987; Angelova S & Ch. Yancheva, 1996; Angelova & Kouzmova,
2001). The spring varieties bred in Bulgaria are early and mid-early with relatively short
vegetation period, good resistance to cold early spring temperatures. Their main requirement
is the quality characteristic of the seed. In collaboration with the French National Institute for
Agriculture Research (INRA) and in an application of mathematical methods and structural
analysis, it has been found that the seed yield of winter pea is formed mainly from the first
four productive floors, but more often after the third floor, while for the spring pea, the
priority is from first and second floor. The recent breeding achievements in Bulgaria are the
lodging resistant varieties from affilate type — Amitie and Tedi, Pikardi bred at the IPGR in a
cooperation with INRA — France; and the highly productive varieties Mishel and Sredez bred
at Dobrudzha Agricultural Institute in General Toshevo, Bulgaria are suitable for growing
only in the Northern area of the country. Depending on the growing conditions, the genetic
potential for high productivity is shown in different ways. Table 1 presents the statistical data
for seed yields for winter and spring pea varieties grown in Bulgaria. During the entire
fifteen-year research period, results show that the seed yield for winter pea varieties is from
270,5 kg/da up to 484,4 kg/da while for the spring ones it is from 268,5 kg/da up to 560,5
kg/da.
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Table 1. Statistic data for yield in kg/da

MIN MAX MEAN Std'. V.C%
Deviat.

Winter varieties

Ne 11 270,5 453,4 328,3 48,194 14,68
Mir 290,4 455,1 329,2 47,063 14,30
Vessela 298,4 484,4 352,3 55,104 15,64
L 12 AB 297,5 447,1 327,4 40,027 12,23
Spring varieties

Amitie 268,5 560,5 407,1 81,213 19,95
Pikardy 279,5 531 401,1 74,636 18,61
Tedy 2715 545 410,6 75,808 18,46

Although the vyields vary by years, the results show that the varieties make their produce
opportunities. All this is confirmed by the studies of (Koeva et al. (1990); Angelova &
Kuouzmova, (2001) that the temperature and the amount of precipitation affect to a great
extent influence the quality characteristics of the accessions. For winter accessions, the
variety influence is strongly manifested over the seed productivity while for the spring peas is
better manifested the influence of the year (see Figure 5). In relation to crude protein
(percentage absolute dry content) in the seed, the accessions are divided into four groups (see
Figure 6a).
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fig 3. Seed yield from winter pea varieties

The greater part of Bulgarian varieties fall into the second and third group from 23,1% to
26,0 % (Angelova & Sabeva, 2008; Angelova & Sabeva, 2013). The utilization of peas as a
fodder plays an important role as alternative to make up for lack of protein during early the
spring. The green mass content of crude protein (see Fig 6b) in the maturity phase (forming of
lower 2-3 beans) is from 15% up to 22% (absolute dry substance) for the period from 10"
until 30" of May depending on the variety’s early ripening. There are no significant
differences between the accessions from the same group. The varieties bred at the IPGR are
widely used, and fall into the third group from 19% up to 22% (Angelova & Sabeva, 2008;
Angelova & Sabeva, 2013).
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fig.6 Crude protein content in the dry seed and in the green mass

The pea is used as a fodder and as a vegetable in Bulgaria. Besides for fresh consumption, it is
a main source for the canning industry, mainly for preservation and freezing. There is a
breeding program focused on satisfying the needs of customers at the Institute for Vegetable
Crops Maritsa in Plovdiv, Bulgaria. The Bulgarian varieties Ran | and Plovdivska perla are
the most preferred ones for growing in home gardens. From newly bred varieties Musala and
Iskar are mostly used and are suitable for canning and preservation (Angelova & Kalapchieva,
2015). A large number from the old varieties and populations are used at organic farms with
closed production cycle, in home gardens and in smaller farms. Natural habitats of Pisum
elatius were identified during expeditions in the last years. Wider populations from the same
genus are marked on the Northern and Southern Black sea coast, Kaliakra cape and Kamen
Bryag. A seed material included in ex situ collection is also collected from the same habitats.
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Conclusion
The proper and sustainable use of global and national collections from all crops leads to more
efficient breeding activity. The modern collection of Pisum sativum L. needs a wide range of
starting gene material to include more often indigenous germ plasma, primitive forms and
wild species. A constant collection update is required to deepen and improve evaluation
methods, necessary for successful and purposeful use, exchange and storage. By using the pea
collection we created six pea varieties characterized by good earliness and high productivity.

They are namely the following: Mir— winter resistant, forage type; Me 17- winter resistant;

Vessela— winter resistant, dry pea; Pikardi— spring, dry pea; Amitie /af/- spring , dry pea; Tedy

[ af /- spring, dry pea. Winter varieties Mir and Vessela are used very often for green manure

crops in organic farming.
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Abstract

Cultivating spinach during autumn, as a sealing crop, has important economic and agro-
ecological significance both through the yields achieved and by the more complete and
rational utilization of the residual nutrients in the soil after harvesting the previous main crop.
A field experiment with spinach variety Matador is conducted on the alluvial-meadow soil.
The soil reaction (pH) is slightly acidic, humus content is low (1.33 %). The availability of
mobile forms of N, P and K variants of an experiment in post-harvest predecessor are low
mineral nitrogen and high P,Os and K,O. The study aimed to assess the post-effect of organic,
mineral and mixed manure and mineral nutrition in the predecessor previous crop early potato
with many treatments. Control variant without nutrition (T1), with organic (manure) (T2),
with mineral (T3), and with mixed 50% manure-50% mineral nutrition (T4). The effect of
treatments on growth, yield, quality of production and quality parameters in autumn growing
spinach has studied. The experiment is a completely randomized design. The results indicate
that the highest yield of spinach is obtained from the plants with post effect of the mineral
nutrition. Plants which were grown after mineral nutrition has higher nitrogen, chlorophyll
and nitrates contents. The dry matter content and total sugars are highest in the production of
spinach after the previous crop fertilized with manure.

Key words: organic nutrition, mineral nutrition, spinach, quality parameters.

Introduction
A major challenge for modern horticulture is to reconcile productivity and sustainability of
production systems and nutritional quality of food products. Nutritional quality is a highly
complex trait due to both (i) the large number of individual properties which determine crop
quality (i.e., concentration and bioavailability of essential and potentially toxic minerals,
organic nutrients and accessory health factors) and (ii) the various factors which control them
(i.e., genetic and exogenous factors, the latter either natural or man-made) (Wiesler, 2015).
Provision of a sustainable environment in the soil by amending with organic inputs can
improve the quality and acceptability of crop (Sharma and Agarwal, 2014). Autumn-winter
crops can be an important reserve for compensation and increase the income of farmers. For
optimum crop rotation schemes according to the requirements of good agricultural practice
(GAP), using of leafy vegetable crops with short duration is recommended. Adequate crop for
that is spinach, which can used as an indicator who expressed nutritional status of the soil.
Leafy vegetables consist from huge diversity, spinach (Spinacea oleracea L.) a member of the
Chenopodiaceae family. Usually spinach plant used as test crop in many agrochemical and
ecological studies. (Botev, 2006; Dinev and Mitova, 2011; Mitova, et al., 2005; Mitova and
Stancheva, 2003). Vegetative organs react quickly and appropriately to various biotic and
abiotic effects. In previous studies, the performance of spinach crop was observed following
the application of organic and inorganic fertilizers; It was found that the combination of both
fertilizers was effective on increasing the mineralization rate of the organic matter (especially
nitrate) (Anga,2001) as a result nitrate concentration of the spinach leaves increased.

122


mailto:Nidalshaban@abv.bg
mailto:Shaban.nidal@gmail.com

Proceedings of the IX International Agricultural Symposium “Agrosym 2018”

Therefore, the objectives of this research are to determine post-effect of organic manures and
chemical fertilizer on the growth, yield and quality of spinach.

Material and methods
Experiment is laid in experimental open field of IPAZR "N. Poushkarov " located in —
Tsalapitsa village on alluvial meadow soil. Initial values of soil reaction (pH) (pH H,0- 6.8;
pH kcl- 6.0) and humus content (1.33%) characterized as slightly acidic soil with low humus
content. It was done by the use of spinach cvs."Matador" sowing date in mid-September, after
harvesting of early potato production. The production was finished on 10 November. An
experiment was laid in Completely Randomized Design the options with 4 replications with
the size of the experimental plot- 30 m% For the main crop (potatoes) in variants with 100%
mineral fertilizer was added 20 kgN.da™ as ammonium nitrate, 12 kg P,Os da™ as triple
superphosphate and 18 kg K,0.da™ as potassium sulphate.
By using manure which contain of 1.2% total nitrogen. Manure norm 20 kgN.da™ was add
with 1667 kg.da™* manure.
In variant, four were added 2 of mineral fertilizer norms and manure. For experiment with
spinach did not used any fertilizers. To understand the post effect of fertilization of the
previous crop.
Variants of using fertilizers with soil reaction, and the content of nutrients after harvest the
potatoes are present in Table 1.

Table 1: Soil agrochemical analysis in depth 0- 30 cm after harvesting of potatoes

Treatments pHKcl NH,-N NOs-N P,Os K,0
(T1) without nutrition 6.5 10.63 5.70 17.63 | 24.32
(T2)100% manure 6.9 12.19 0.52 77.50 | 38.30
(T3)100% mineral fertilizer 6.7 7.52 13.48 2191 | 33.35
(T4)with mixed 50% manure-50% | 6.9 4.41 3.63 30.72 | 28.50
mineral fertilization

The fresh weight of plants is determined by weight in kilograms per hectare. From the plant
samples, after drying at 65°C with a preliminary fixation, the dry substance (absolute dry
matter%) was determined by weight. The total sugar content is determined refractometrically
- (%) (Digital refractometer - 32 145). The nitrate content is determined on Merck's RQ flex
plus 10 instrument. The content of plaster pigments in the fresh mass (mg.g-1) is determined
by the Vernon method, 1960. The content of macroelements in the soil is determined by
standard methodologies (Arinushkins, 1970), ammonium and nitrate nitrogen - colorimetric,
movable forms of phosphorus and potassium by the method of P. Ivanov (1984).

In plants, total nitrogen was determined by the Keldahl method by decomposition with
concentrated H,SO,4 and 30% H,O,. The remaining macroelements were determined by "dry"
burning in muffle furnaces and subsequent dissolution in 20% HCI, taking into account the
atomic absorption spectrophotometer. The vyield data is processed using the Statgraphics /
Anova / Multifactor dispersion statistic package.

Results and discussion
The optimum growth and development of plants depend not only on the balanced absorption
of nutrients. Their presence in the soil is readily available in readily accessible and digestible
forms. External factors also influence the vegetation, which in certain situations can
compromise production. Spinach is particularly sensitive to high acidity. The optimum soil
pH should be 6.2 to 6.9 (Genkova, 2009). It can be seen (Table 1) that soil acidity is
appropriate for the development of spinach. In all embodiments, the mineral nitrogen content
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is low, and in the moveable form of phosphorus and potassium-rich forms. The particularly
high content of P,Os and KO in the soil is the manure variant with manure.

The yield data shows a significantly lower yield in the control variant compared to the plants
suffering from the effects of using different fertilizers. It can be assumed that the yield from
the non-treated plants should be comparable to the other yields. The reason for the low yield
of the untreated variant, despite the fact that the nutrient content is close to that of the other
variants, could be the highest density of weeds and the attack of diseases that occurred in the
cultivation of the previous potato crop. Spinach from the untreated variant develops slowly,
the formed leaves are small, and the plants prematurely shoot (Fig.1)

Yield of Spinach (ke.da)

@ control
O 100%vianure

O 100% Mmineral fertilization
50% manure+50%mineral fertilzer

50% manure + 50%mineral 1erﬂliler‘l ] 703 8

100% mineral fertilizer] = : 2] 920

100% manure e g3) ¢

control

Fig.1: Yield of spinach after treatments Kg/da

The vyields obtained in the study are significantly lower than those reported in the literature
(Boteva Hr .. 2006, Genkova, 2009, Mitova et al., 2005; Rankov et al., 1994) in fertilization
with organic and mineral fertilizers. In this experiment its important to take into account the
fact that the obtained yields are the result of the effect of the fertilization of the base crop. The
highest yield of spinach in the experiment was obtained in the variant with the effect of
mineral fertilization - 920 kg / da(35%), followed by manure variants - 832,5 kg / da(31%)
and mixed fertilization - 703,8 kg / da(27%). Differences in yields are statistically
satisfied.(Fig.2)

control

£1100% manure

1 100% mineral fertilizer,

0050% manure+505%
mineral fertilizer

Fig.2: Yield of spinach in percentage %
The differences in yields at both statistical levels between control and fertilizer variants as

well as between organic fertilizer plants and mixed and mineral fertilizers are statistically
satisfied (Table 2).
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Table 2: Statistical analyses of yield

Variants 1. control 2.100% manure | 3. 100% mineral | 4. 50%manure+
fertilizer 50%mineral
fertilizer
Average 703.8 920.0 832.5 182.5
Median 704.4 915.7 831.9 12.5
St Dev 18.11 15.80 17.71 42.5

F-Ratio- 485.37; P- Value- 0.000; (P>95%)- 48.892; (P>99%)- 71.142

The total nitrogen content in the leaf mass varied between (2.0-3.9%) of the plants (Table 3)
follows the yields obtained and is comparable to the cited values in the literature (Rankov et
al., 2004; Mitova et al., 2015). High concentrations of phosphorus - 1.13%, potassium - 8.9%
and calcium - 1.0% in plants with the effect of manure correspond to the high residual
contents — these results showed reverse tendency in the movable forms of these elements the
soil. The magnesium content in the leaves (0.11 - 0.63%) of all variants is lower than in other
publications (Mitova et al., 2015).

Table 3: Content of nutrients (%) in leaves of spinach at end of the study.

Treatments total N | P K Ca Mg

(T1) without nutrition 2.0 09 |[6.1 |0.67 |0.11
(T2)100% manure 3.3 1.13 | 8.9 |1.00 |0.63
(T3)100% mineral fertilizer 3.9 095 (7.0 |0.70 |0.12
(T4)with mixed 50% manure-50% mineral fertilization | 2.6 096 (75 |0.77 |0.34

Plastid pigments are involved in photosynthesis and play a role in plant growth and growth
processes. The study of the composition and amount of pigments in plants under different
conditions of development is of scientific and practical interest. Despite the unfavorable
climatic conditions in the autumn-winter period, the applied fertilization (organic, mineral and
organo-mineral) has a positive influence on the synthesis of plastid pigments (Table 4) and
the content of chlorophylls in treated variants significantly higher values of Ch "a" + Ch "b"
compared to the results obtained in other experiments (Mitova et al., 2015, Ratterman, 2006).
The highest chlorophyll content in the experiment has plants grown after mineral fertilization
- 15.8 mg%. According to some authors (Chinok, 1976), the normal ratio of Ch "a" / Ch "b"
should be 3: 1. Bero et al., 2007 consider that the ratio of chlorophylls to 2- 3: 1 is constant
and depends on a number of factors. In the present study, the nearest ratio of Ch "a" / Ch "b"
to the optimal ratio is the 2.25: 1 ratio obtained after mineral fertilization.

Table. 4. Contents of plastid pigments in spinach leaves.

Treatments Ch“a” | Ch“b” | Carotenoids | Ch“a”+Ch“b” | Ch“a”+Ch*“b”
(T1) without nutrition 4.28 2.57 1.83 6.85 1.68
(T2)100% manure 9.04 5.90 2.88 14.94 1.53
(T3)100%mineral fertilizer | 10.94 | 4.86 3.59 15.80 2.25

(T4)with  mixed 50% | 7.89 3.57 3.31 11.46 2.21
manure- 50%  mineral

fertilization

Leafy vegetables contain relatively low amounts of dry matter, but they are characterized by a
high content of vitamins and nitrates (Mitova et al., 2005, Mihov et al., 1980, Shaban et al.,
2014). The dry substance is a relatively stable and genetically determined substance. While in
fruity vegetable crops its content is lower, in leaf vegetables, in the case of spinach, the dry
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matter levels are between 11.4 and 12.15% and are comparable to those of other spinach
studies (Mitova et al., 2015). The highest levels of absolute dry matter are in the plants grown
after treated with manure (Table 5), and for the other variants the differences in dry matter
values are insignificant. In the Peev research, 1985, it proves that the sugar content correlates
well with that of the dry matter. In this experiment, there is a similar positive relationship
between the cited indicators. The foliar fresh weight of plants grown after fertilization with
manure has the highest content not only of dry matter, but also of total sugars - 9.3%.

Table 5: Quality parameters of spinach production.

Variants Absolute dry | Total sugars | Nitrate
matter (%) | (%) (mg.xg")
1.control 11.40 5.8 76.23
2.100% manure 12.15 9.3 95.68
3.100% mineral fertilizer 11.95 7.4 176.49
4.50%manure+50%mineral fertilizer | 11.85 5.2 79.21
F-Ratio 0,95 149,74 92,38
P- Value- 0,450 0,000 0,000
(P>95%) 1,060 0,489 16,006
(P>99%) 1,543 0,712 23,289

The accumulation of nitrates in the production of foliar vegetable crops is genetically
predetermined (Genkova, 2009; Stoyanov, 1997; Afaf Ghaleb Hafiz Abu-Dayeh, 2006;
Mitova and Stancheva, 2003; Rankov et al., 1994). The control of maximum permissible
quantities of contaminants in the food is implemented by Ordinance of MAF-31 of
29.07.2004. For spinach, the limit value for nitrate in production harvested in the autumn-
winter period is 3000 mg / kg. Experimental nitrate content ranges between 76.2 and 176.5
mg / kg of fresh weight, the highest concentration of nitrates being registered after mineral
fertilization. The agrochemical analysis of soil samples from the variants (Table 6) with
spinach after harvesting show a significant depletion of nutrients mainly of mineral nitrogen.
In accordance with the low vyields in the non-preferred embodiment, the residual ammonium
and nitrate nitrogen contents are larger than in the other variants. The content of P,Os and
K20 (Table 5) in the soil after the application of manure is still high at the end of the study.

Table 6: Agrochemical soil analyses 0- 30 cm at end of the experiment with spinach.

Treatments pHixa | NHs-N | NOs-N P,0Os K>0

(T1) without nutrition 6.7 7.42 5.13 14.07 20.66
(T2)100% manure 7.1 6.74 2.00 64.92 34.13
(T3)100% mineral fertilizer 6.8 4.67 4.33 12.28 29.58
(T4)with mixed 50% manure-50% | 6.9 2.56 0.84 27.45 26.50
mineral fertilization

Conclusion
Cultivating spinach in autumn as a sub crop has important economic and agro-ecological
significance both through the yields achieved and by the more sufficient and rational
utilization of the residual nutrients in the soil after harvesting the main crop.
-The highest yield of spinach is obtained in the variant with the effect of the mineral
fertilization.
-Plants grown after mineral fertilization have higher nitrogen, chlorophyll and nitrate content.
-The dry matter content and total sugars are highest in the production of spinach after a
previous crop fertilized with manure.
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Abstract

In all European regions, variations of temperatures have a cyclic character with a relatively
regular change for the periods of active vegetation and dormancy. This regularity is valid and
also observed on the large areas in the country. The unfavorable combination of high
temperatures and low rainfall, as well as temperature changes at the end of winter and the
beginning of spring season are factors which may have critical effects upon the development
of orchards. Also important factor often responsible for establishing the warm or cold winter
margin for many fruit trees and strongly affecting production near those margins is the
amount of chilling available during the plants rest phase of its growth cycle. Chilling is
generally considered to be that amount of time during the period the plant is in rest when the
temperature is below 0°C. Cherry (Prunus avium L.) and peach (Persica vulgaris Mill.) plants
are the most widely spread orchards in Bulgaria. They can grow in all over the country, but
the optimum results are got only in separate regions, where the meteorological conditions are
most suitable for their growth and development. The aim of this paper is to establishing the
empirical between the sums of negative temperatures measured in the period from of durable
transitions of temperatures below 0°C (chilling degree days) and the number of days with
temperature below 0°C. The other aim is to find empirical relation between date of durable
transitions of temperatures above 10°C to fruits ripening and the number of days with
temperature above 10°C.

Keywords: cherry, peach, sum of temperatures, chilling

Introduction
Since the middle of the last century numerous studies related to the assessment of climate and
agro-climatic conditions and their changes during this period has been carried out. They show
changing of hydro-thermal conditions connected with observing of extreme meteorological
events as droughts, spring frosts, hails, floods etc. observed on the large areas in Europe and
particularly in our country. Analysis of data for the last 30 years show that the phenophases of
trees occurred earlier in sEring. The duration of vegetation period increased with 8 - 13 days
on average, over the 20" century (Chmielewski, 2004; Menzel, 2003; Kazandjiev, 2008).
High interest is assessment of change of terms for dates of stable transition of average daily
temperatures across the different biological threshold as 0, 5, and 10°C during spring and
autumn seasons, because they have important scientific and practical application and they
show the limit between cold and warm part of the year and trace out duration of the vegetative
season and winter dormancy period for different crops (Kazandjiev et al., 2011; Slavov and
Moteva., 2007).The period with temperature below 0°C determined duration of dormancy
period. The date of steady transition of the air temperature in spring from 5°C was accepted
conditionally for the beginning of spring vegetation in orchard (Vandova, 1985;
Herschkovich, 1984). In Bulgaria dates of steady transition of air temperatures across 5°C in
spring and autumn determined duration of potential vegetative period (RVP). The duration of
this period is in turn off 250-260 days, on average. Another index for thermal condition
characterizing duration is the period with average daily temperature above 10°C is in turn
denoted as the real vegetative period (RVP). This is the period for active vegetation, growth
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and development of orchards and agricultural crops. The average duration of this period in
Bulgaria is 200-220 days (Kazandjiev, 2008; Kazandjiev, 2011). Detail investigations on the
occurrence of phenological stages and sum of temperatures for cherry and peach in Bulgaria
was made also by Ganeva et al., (1974) and peach by Draganov et al., (1965) and Vandova et
al., (1995, 2002). As regards on temperature conditions the investigations show that the
average annual temperature during the period 1971-2000 compare with the period to the
contemporary climate has risen by 1.5°C, this increase is greater in Northern Bulgaria, but in
South Bulgaria this trend was not observed. As a result the duration of potential vegetative
period (PVP) is extended by 6 - 10 days (Kazandjiev and Slavov, 2006; Kazandjiev, 2011).

Material and Methods

Cherry (Prunus avium L.) and peach (Persica vulgaris Mill.) plants are the traditionally
orchards in Bulgaria. The optimum results for the growing are got only in separate regions,
where the meteorological conditions are most suitable for their growth and development. Data
for this investigation was collected from agrometeorological and climatic archive of National
Institute of Hydrology and Meteorology (NIMH). Long-term 1981-2010 daily and monthly
meteorological data from 18 agrometeorological stations have been processed. Dates on the
phenological development and more precisely the dates of fruit ripening for the cherry and
peach trees during the period of 1980-2010 are presented for 18 meteorological stations.
Dates of fruit ripening for the cherry and peach during the period of 1980-2010 are presented
for 18 meteorological stations. Used stations were grouped by the similarity of
agrometeorological conditions. Central North Bulgaria -Ruse; Northeast-Razgrad and
Targovishte; Southeast-Yambol and Suvorovo; Central South-Plovdiv, Chirpan, Sadovo and
Southwest- Kustendil and Blagoevgrad and eighth stations for peach Central North-Ruse;
Northeast: Targovishte and Razgrad; Southeast-Yambol, Sliven and Suvorovo; Southwest-
Petrich and Sandanski. All-time series was tested for homogeneity and was controlled
statistical parameters - average, standard deviation and variation coefficient. The dates of
steady transitions of temperatures and average dates occurrence of Ehenological stages
ripening of fruits are present as time series of days which starting date 1" January, i.e. Julian
days. For all 18 agrometeorological station are received the empirical relation between the
sums of negative temperatures measured in the period from of transitions of temperatures
below 0°C (chilling degree days) and the number of days with temperature below 0°C. We
find to empirical relation between chilly degree days and date of durable transitions of
temperatures above 10°C to fruits ripening and the number of days with temperature above
10°C.

Results and Discussion

At the beginning of investigation, we develop two types empirical models, describing the
dependencies between the sums of negative temperatures measured in the period from of
durable transition of temperatures below 0°C (chilling degree days) and the number of days
with temperature below 0°C, fig. 1, and sum of active temperatures of date on durable
transitions of temperatures above 10°C to fruits ripening and the number of days with
temperature above 10°C for cherry trees (Prunus avium L.). The linear regressions models
describes the relationship between chilling degree days and number of day with T<0°C and
sum of active temperatures of date on durable transitions of temperatures above 10°C to fruits
ripening and the number of days with temperature above 10°C. Table land 2 show the
average values of statistical parameters, as well as numeral values of the calculated equations,
as average arithmetic values, standard deviation, mean absolute error (MAE) and variation
coefficient.
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Table 1. Dependencies between chilling degree days and the number of days with temperature

below 0°C for cherry tree (Prunus avium L.)

Station Regression model | R- r-Coef. | Standard MAE
Squared | Corel. | error
Ruse y=0.79 - 6.54*ax | 0.56 0.75 67.29 53.97
Razgrad y=45.88 - 7.16%ax | 0.57 0.75 88.31 68.81
Tyrgovishte | y=67.65 - 8.35*ax | 0.50 0.70 67.66 64.56
Yambol y=9.88 -5.10*ax | 0.50 0.70 53.38 46.34
Suvorovo y=56.7 - 3.52*ax 0.51 0.71 42.54 34.58
Plovdiv y=21.50 - 7.72*ax | 0.54 0.73 64.16 53.54
Sadovo y=47.27 - 7.24*ax | 0.51 0.71 63.46 49.79
Chirpan y=50.43 - 10.00*ax | 0.55 0.71 20.37 55.74
Kustendil y=80.24 - 9.06*ax | 0.52 0.72 78.44 69.83
Blagoevgrad | y=42.25-7.03*ax | 0.51 071 52.44 40.12

Table 2. Dependences between sum of active temperatures from transitions above 10°C to

fruits ripening and number of days with temperature above 10°C for Cherry trees

Station Regression model R- r-Coef. | Standard | MAE
Squared | Corel.. | error
Ruse y=138.01+16.84*ax | 0.56 0.74 138.61 120.95
Razgrad y=156.09+38.05*ax | 0.51 071 234.91 193.28
Tyrgovishte | y=176.7+14.06*ax | 0.77 0.87 63.63 53.00
Yambol y=75.00+16.26*ax | 0.77 0.87 71.00 52.07
Suvorovo y=229.54+13.32*ax | 0.66 0.81 75.53 57.03
Plovdiv y=273.00+12.33*ax | 0.73 0.85 80.72 63.61
Sadovo y=234.15+13.21*ax | 0.68 0.82 86.54 67.71
Chirpan y=479.12+9.56*ax | 0.53 0.72 88.32 69.53
Kustendil y=124.21+15.29*ax | 0.82 0.90 59.99 67.11
Blagoevgrad | y=220.96+16.42*ax | 0.76 0.87 64.59 55.56

Figure 1. Dependence between chilling degree days and the number of days with temperature
below 0°C for cherry trees for representative stations
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Fig.2. Dependence between sum of active temperatures of date on durable transitions of
temperatures above 10°C to fruits ripening and the number of days with temperature above
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The second model describes the relationship between sum of active temperatures of date on
durable transitions of temperatures above 10°C to fruits ripening and the number of days with
temperature above 10°C for cherry trees, fig. 2.
Also, we develop the empirical models, describing the dependencies between chilling degree
days and the number of days with temperature below 0°C and sum of active temperatures of
date on durable transitions of temperatures above 10°C to fruits ripening and the number of
days with temperature above 10°C for Peach trees The equations of the fitted models and the
average values of statistical parameters, as well as numeral values of the calculated equations,
as average arithmetic values, standard deviation, mean absolute error (MAE) and variation
coefficient are show in table 3 and 4.

Table 3. Dependence between chilling degree days and number of days with temperature
below 0°C for peach trees

Station Regression model R- r-Coef. | Standard Mean
Squared | Corel error ab.

error
Ruse y=25.86-6.94*ax 0.66 0.81 78.84 59.59
Razgrad y=61.08-7.61*ax 0.59 0.76 69.96 60.58
Tyrgovishte | y=2.40-6.35*ax 0.50 0.71 60.05 45.50
Yambol y=42.57-7.38*ax 0.51 0.71 61.30 48.34
Sliven y=2.40-6.38*ax 0.52 0.72 44.69 35.86
Suvorovo y=13.41-5.19%*ax 0.57 0.75 44.15 35.08
Petrich y=71.71-9.67*ax 0.68 0.82 40.65 33.63
Sandanski y=12.57-5.74*ax - 0.54 0.73 31.93 28.63
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Table 4. Dependence between sum of active temperatures from date of temperatures
transitions above 10°C to fruits ripening and number of days with temperatures above 10°C
for peach trees

Station Regression model R- r-Coef. | Standard Mean
Squared | Corel error ab. err.
Ruse y=785.47+12.94*ax | 0.66 0.81 208.29 157.78
Razgrad y=779.18+13.76*ax | 0.78 0.88 159.44 123.18
Tyrgovishte | y=896.76+16.28*ax | 0.76 0.87 198.155 140.04
Yambol y=588.05+15.84*ax | 0.85 0.92 87.20 69.31
Sliven y=131+29.58*ax 0.54 0.73 244 194.21
Suvorovo y=594.92+15.09*ax | 0.77 0.87 112.52 89.71
Petrich y=207.46+5.51*ax 0.50 0.70 222.06 186.80
Sandanski y==19.86+21.19*ax | 0.80 0.89 201.62 147.32

Figure 3. Dependence between chilling degree days and the number of days with temperature
below 0°C for Peach trees
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The last empirical model describes the relationship between sum of active temperatures of
date on durable transitions of temperatures above 10°C to fruits ripening and the number of
days with temperature above 10°C for peach trees, fig. 4.

Figure 4. Dependence between date of transitions of temperatures above 10°C to fruits
ripening and the number of days with temperature above 10°C for peach trees.
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Conclusion

We presented the empirical relations between the sums of negative temperatures measured in
the period from of durable transitions of temperatures below 0°C (chilling degree days) and
the number of days with temperature below 0°C during the winter dormancy period. Also we
find empirical relation between date of durable transitions of temperatures above 10°C to
fruits ripening and the number of days with temperature above 10°C during the active
vegetation period. The sufficient number of events entailing regression equations, the
relatively high values of the correlation index and immaterial equation errors give to
recommend that dependencies are useful in agrometeorological practice.
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Abstract

The biologically active substances known as plant growth regulators (PGRs) are steadily
gaining popularity, because they are harmless and ecologically friendly. Their application is
not only easy and economically profitable, but also improves the action of the fertilizers, the
mineral balance of the plant and leads to yield increase. In order to establish whether the
PGRs would influence the phenological development of triticale, a biennial field experiment
(2016-2018) was carried out on the experimental field of the Crop Science Department at the
Agricultural University of Plovdiv using the block method in three replications, with plot size
of 10 m?. The action of the PGRs Vitafer Algi and Vitafer Green on three triticale varieties
(Trismart, Musala and Kolorit (standard)) was conducted under two different fertilizer levels
NgPsK> and N1,P10K4. The PGRs were applied in the beginning of stem elongation (BBCH
31). The results showed that the both PGRs treatments combined with higher fertilizer levels
increased the specific growth rate and dry matter accumulation of the tested plants compared
to the untreated variants and the variants treated with lower fertilization rates in combination
with PGRs. The beneficial interactive effects of PGRs and fertilization levels on the
phenological development of triticale are worthy to further exploration.

Keywords: Dry matter, Fertilization, PGRs, Phenological development, Triticale

Introduction

The importance of PGRs was first recognized in 1930s (Harms and Oplinger, 1988).
Nowadays the plant growth regulators (PGRs) are widely used in the modern, high input
cereal management, because of their large action spectrum. They are furthermore ecologically
friendly, harmless, easy to apply and economically profitable. In their nature PGRs comprise
a large group of endogenous and exogenous natural chemical compounds that can regulate
plant growth in numerous ways (Rajala, 2003). When applicated PGRs can improve yields
and their structural compounds (Kolev et al., 2011, Czapla et al., 2000), the mineral balance
of the crop (Wierzbowska et al., 2010), the resistance to diseases (Osokina et al., 2015; Novik
1999) and serve as a prevention against lodging (Maciorowski, Stankowski and Piech 2000;
llumae 2002). The effect of using such substances depends on many factors, e.g. a crop
species, environmental conditions or fertilization (Czapla et al., 2007; Wierzbowska et al.,
2010). The aim of this study was to evaluate the influence of PGRs and fertilization on the dry
matter formation and phenological development in triticale.

Material and Methods

Field trial:

In order to achieve the aims of the investigation, a field experiment was set in the period
2016-2018 on the experimental field of the Crop Science Department at the Agricultural
University of Plovdiv, Bulgaria. Three triticale varieties were used- the standard Kolorit,
Musala and Trismart. The experiment consisted of a randomized complete block design after
predecessor sunflower with three replications and plots of 10 m? planted in the sowing rate of
550 germinated seeds m™. The action of the PGRs Vitafer Algi (VA), Vitafer Green (VG) and
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the untreated control variants (NT) was conducted under two different fertilizer levels N¢PsK;
and N1,P10K4. The PGRs were applied in the beginning of stem elongation (BBCH 31).
Estimation methods:
The beginning of the major phenological stages was identified according to Zadoks scale
(1974): sowing (00- dry seed); sprung (10- first leaf through coleoptile); third leaf (13- 3
leaves unfolded); tillering (21- main shoot and 1 tiller); stem elongation (31- first node
detectable); spike emergence (59- emergence of inflorescence completed); maturity (95- seed
dormant). To establish the effect of the temperature and the precipitation conditions of the
year, the sum of the active temperatures (above 5° C), = T act  C, the average temperature of
the period (T aver. ° C) and the sum of precipitation (mm) were calculated for each growth
stage period. The dry matter formation and accumulation was determined according to
Tretyakova’ s (1982) formula for:

- dynamic of growth (g m? day™) = (B2-B1)/(D2-D1), where B2 is the dry matter

determined at the end of the period; B1- the dry matter in the beginning of the period,
D2- the date at the end of the period and D1- the date, when the period starts.

Soil and climate conditions:
According to Popova et al. (2012) the soil on the experimental field of the Agricultural
university-Plovdiv has been determined as alluvium, which based on the international
classification of FAO belongs to the category of Mollic Fluvisols. The soil in this region has
been developed on sandy-clay and sandy-gravel quaternary deposits; with power of the humus
horizon of 20-40 cm. Meteorological conditions are different during the years of the study.

Results and discussion

During the years of the study all varieties showed the same duration of the growth stage
periods from sowing to tillering stage, due to the same temperature and precipitation
requierments (Tabl. 1). The sprung of triticale in 2016 occured 27 days after sowing and in
2017 after 10 days. The duration of this growth stage period depended on the amount of the
precipitation, but was limited especially by the average daily air temperature.Although in
2016 the sum of the active temperatures and the amount of rainfall were higher than in 2017,
the average daily temperature (6.6 °C) was lower, which determined the longer growth stage
period in the first year.

Table 1. Characteristics of the growth stage period to tillering stage.

Nr. of days Sum of
Years Growth stage period with active | XTact. °C | Taver. °C | precipitation
t°C (mm)
sowing-sprung 27 180.6 6.6 32.9
2016/17 sprung-3" leaf 15 75.3 2.2 2.4
3" leaf-tillering 17 153.5 9.7 124.8
sowing-sprung 10 109.1 9.9 28.0
2017/18 sprung-3" leaf 12 193.6 9.2 17
3™ leaf-tillering 13 108.1 9.8 42.5

The growth stage period sprung-third leaf lasted between 15 and 12 days during the years of
the study. In the first year the growth stage period third leaf-tillering was 17 days and in the
second 12 days. Meteorological conditions were most favorable in 2017, where the average
daily temperatures of the growth stage periods were stable and without variation and
determined the shorter growth stage periods. From tillering to maturity were recorded a
different interphase periods of the varieties (Tabl. 2).
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Table 2. Characteristics of the growth stage periods tillering-maturity.

A. Kolorit
Nr. of days Sum of
Years Growth stage period with active | XTact. °C | Taver. "C | precipitation
t"C (mm)
tillering-stem elongation 13 147.3 9.7 47.9
2016/17 | st.elongation-sp.emergence 26 365.6 14.2 35.7
Sp.emergence-maturity 37 746.3 23.7 15.4
tillering-stem elongation 29 300.1 10.3 173.7
2017/18 | st.elongation-sp.emergence 30 488.3 14.8 33.5
Sp.emergence-maturity 56 1115.8 20.8 162.1
B. Musala
Nr. of days Sum of
Years Growth stage period with active | XTact. °C | Taver. °C | precipitation
t"C (mm)
tillering-stem elongation 13 147.3 9.7 47.9
2016/17 | st.elongation-sp.emergence 21 277.0 12.7 26.1
sp.emergence-maturity 46 882.8 23.7 15.4
tillering-stem elongation 34 266.6 7.8 139.8
2017/18 | st.elongation-sp.emergence 35 451.8 12.9 58
sp.emergence-maturity 53 1032.4 20.8 153.8
C. Trismart
Nr. of days Sum of
Years Growth stage period with active | XTact. °C | Taver. °C | precipitation
t"C (mm)
tillering-stem elongation 13 147.3 9.7 47.9
2016/17 | st.elongation-sp.emergence 32 459.0 17.6 57.8
sp.emergence-maturity 36 776.0 23.7 15.4
tillering-stem elongation 48 398.8 8.3 180.5
2017/18 | st.elongation-sp.emergence 31 496.3 16.0 24.9
sp.emergence-maturity 58 1138.3 20.8 162.1

During the first year the growth stage tillering-stem elongation of all varieties was 13 days,
due to the same climatic conditions and the coverness of their temperature and precipitation
requierments. In 2017 the period was the shortest in the standard (29 days), where the average
daily air temperature was the highest (10.3° C). In 2016 the growth stage period steam
elongation-spike emergence was the shortest in Musala variety (21 days) and although the
amount of rainfall (26.1 mm) and the average daily air temperature (12.7 °C) were lower
compared to the other two varieties it managed to cover its temperature requirements. The
average daily air temperatures (17.6 °C) and the amount of rainfall (57.8 mm) were the
highest in Trismart variety, but the duration of the growth period was the longest (34 days).
During the next year the same period was the longest in Musala variety (35 days), due to the
lowest sum of the active temperatures. The growth stage period spike emergence-maturity
was with duration 36- 46 days in the first year of the study. Musala entered earlier in the
growth stage spike emergence, but the next stage lasted longer compared to Kolorit and
Trismart varieties, due to the need of accumulating the sum of the active temperatures. In
2016 the growth stage period spike emergence- maturity was the shortest in Trismart variety
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(36 days). The maturity period in the second year lasted longer compared to the first year,
because of the lower average of daily temperatures. The shortest maturity period was in

Musala variety (53 days) and the longest in Trismart variety (58 days).

Table 3. Dynamic of growth, g m? day™

> - 3" leaf- tillering — st.elongation — spike
= Fertilizer Treatment | tillering stem sp.emergence emergence-
g level elongation ' maturity
2017 | 2018 | 2017 | 2018 | 2017 | 2018 | 2017 | 2018
NT 1547 12,82 (13,51 16,17 | 16558 172,89 15,21 21,32
- NsPsKg VA 1511 15711889 23,90 |224,10 246,16 | 14,76 19,83
5 VG 14,14 1533 (20,70 20,15 | 216,81 232,65 | 11,09 22,54
S NT 13,09 17,10 (18,90 18,03 |18558 162,83 | 18,89 21,14
N1oP10K4 VA 17,04 2154|2387 26,77 | 220,18 190,21 | 19,21 23,71
VG 13,82 23,07 (23,32 2543 |196,98 201,23 | 18,64 25,42
NT 13,85 14,86 (13,51 19,02 |41,11 71,65 | 27,98 32,11
© NsPsKg VA 1591 1462|1642 22,76 | 49,36 82,97 | 32,50 37,87
E: VG 14,15 16,97 (19,26 19,01 | 54,30 88,20 | 40,70 33,92
3 NT 14,87 1512 (20,90 24,89 | 56,31 77,83 35,23 30,81
N12P10K4 VA  |1817 19,31 |22,61 28,90 | 60,88 85,13 | 37,40 35,26
VG 16,04 18,98 (24,76 31,43 | 62,80 82,31 35,93 34,61
NT 17,45 14,98 [13,47 1542 | 46,50 66,48 | 20,96 27,23
= NsPsKo VA  |1577 17,05|20,03 21,06 | 54,93 71,04 19,05 25,19
e VG 16,01 16,98 [21,33 20,87 | 54,06 75,12 | 22,90 28,21
2 NT 14,75 1522 (22,34 25,90 | 46,06 68,04 | 26,39 30,75
Eol NpPioKy VA 15,78 17,74 |24,98 28,65 | 52,43 71,73 | 23,46 32,22
VG 1529 17,12 [26,05 26,23 | 52,90 70,56 | 24,86 36,80

The dry matter accumulation and its strenght are main physiological parameters for
determining the plant productive potential as a source of biomass, which also simultaneously
affect the plant reaction against the environmental factors. The dynamic of growth shows the
speed of the exchange processes and the growth intensity during the different growth stages of
the vegetation. During the vegetation this index changes dynamically, as the speed of the dry
matter formation is determined by the specific plant activity. Until tillering the average daily
growth varied from 13.09 m2 day™ to 18.17 g m™? day™ in the first year and from 12.82 g m’

day™ to 23.07 g m? day ™ in the second year and there were no differences between the two
fertilizer levels. At tillering it could be observed a positive correlation between the increased
fertilizer levels and the average daily growth, as the rise for the untreated variants was in the
amount of 1.39 % from Kolorit variety to 1.65 % in Trismart variety in 2016 and between
1.11 % - 1.67 % in 2017. The growth maximum was observed after stem elongation, which
can be explained with the stimulating effect of the nitrogen on the synthesis processes of the
cereal crops. Another reason for the increased development can be more effective utilize of
the soil moisture as a result of the precipitation maximum occurance. The most intensive
growth during the years of the investigation was considered by the standard, where the
average daily growth of the variant treated with VA in combination with the lowest level of
the fertilizer reached a maximum of 224.10 g m™ day™ in 2016 and 246.16 g m™ day™ in
2017. With the vegetation progression followed natural decrease in the dynamic of the
growth.
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Conclusion

During the growth stage period sowing- germination between the varieties no differences
have been established and all varieties entered at the same time due to the same temperature
and precipitation requierments. In conditions of insufficient rainfall the duration of
germination was determined by the average daily temperature. Different interphase periods
were recorded from tillering to maturity for all varieties, what serves for better understanding
of the biological requierments of the studied varieties. In the study, it was shown that at
tillering a positive correlation between the increased fertilizer levels and the average daily
growth could be observed, as the rise for the untreated variants was in the amount of 1.39 %
from Kolorit variety to 1.65 % in Trismart variety in 2016 and between 1.11 % - 1.67 % in
2017. The growth maximum was indicated after stem elongation, which can be explained with
the stimulating effect of the nitrogen on the synthesis processes of the cereal crops. Hence,
further investigation is required to understand better the beneficial interactive effects of PGRs
and fertilization levels on the phenological development of triticale.
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Abstract

The field experiment was held in Stozher village (north-east Bulgaria) in the period 2014 -
2016. The test was performed by using blocking with four repetitions; experimental field area
- 25 m? with winter wheat predecessor. The following hybrids were tested; PR38D89,
PR37D25, PR36R10, PR37H24 and PR35F38. The total studied area was 500 m2. The aim of
the investigation was to establish the productivity of five maize hybrids cultivated for grain as
well as recommend for growing the most suitable one under non-irrigation in region of north-
east Bulgaria. All the stages of the established technology for maize growing were followed.
For the purpose of determining the quantity dependence between the studied indicators, the
experimental data was processed according to the Anova Method of dispersion analysis, and the
differences between the variants were determined by means of the Dunkan’s Multiple Range
Test. The analysis of the results showed that the production possibility of hybrids maize is
determined to a great degree by the meteorological conditions of the year mostly by the
precipitation quantity. The highest values of elements of productivity (length of the cob, cop
diameter, number of the row per cob, number of the grains per row, number of the grains per
cob and mass of grains per cob) were reported with the hybrid PR35F38 and the lowest — with
the PR38D89 hybrid. During the years of study the highest yield was obtained from PR35F38
— 6483 kg/ha, followed by PR36R10 — 6200 kg/ha and the lowest one — from PR38D89
hybrid — 5237 kg/ha. We recommend hybrid PR35F38 for growing being the most suitable,
under non-irrigation conditions in region of north-east Bulgaria.

Keywords: maize, hybrids, productive characteristic, yield of grain

Introduction

The productive potential of maize is manifested when the optimal combination of a complex
of factors is achieved, including the hybrid, the agroecological and climatic conditions, as
well as the applied agricultural technology (Delibaltova, 2014; Dimitrova et al., 2013; Niaz et
al., 2014; Popova et al., 2012; Zivkov and Matev, 2005). The hybrid type with its specific
genetic potential is the most dynamic factor in production. The establishment and
implementation of new maize hybrids into agricultural practice, as well as their cultivation
under different soil and climatic conditions has been the subject of a number of research
experiments (Chen et al., 2013; Dong et acal. 1.,2016; Kandil, 2013; Popova et al., 2015;
Sevov, et al., 2014; Sevov, et al., 2015; Yankov et al., 2014). Choosing the most suitable
hybrids for the given region according to the conditions and the cultivation technology, leads
to obtaining the targeted results and ensures stable yields (Delibaltova, 2009; Kirchev, 2016;
Liu, et al., 2012) . According to Tsankova et al. (2006) the agro-climatic conditions of the
region of North-Eastern Bulgaria are suitable for cultivation of FAO 400 — 600 maize hybrids.
‘Pioneer’ Company offers Bulgarian farmers high quality maize hybrids, which have been
adapted to different conditions and included in the Bulgarian varietal list. That was the reason
to focus our efforts on studying the highly productive hybrids of ‘Pioneer’” Company in years
with different climatic conditions in the region of North-Eastern Bulgaria.
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The aim of the investigation was to establish the productivity of five maize hybrids cultivated
for grain as well as recommend for growing the most suitable one under non-irrigation in
region of north-east Bulgaria.

Material and Methods
The field experiment was held in Stozher village (north-east Bulgaria) in the period 2014 -
2016. The test was performed by using blocking with four repetitions; experimental field area
- 25 m? with winter wheat predecessor. The following hybrids were tested; PR38D89,
PR37D25, PR36R10, PR37H24 and PR35F38. The total studied area was 500 m2. The
experiment was performed on leached chernozem soil type.
Ploughing-in of the stubble was performed in August after the forecrop was gathered, and
deep ploughing at 25 - 28 cm was performed in October; pre-sowing cultivation with
harrowing was performed twice in March and April. Fertilization was performed in autumn
before deep ploughing, with 8 kg active substance phosphorus and 10 kg active substance
potassium and before sowing with 18 kg active substance nitrogen. The sowing was
performed in the second decade of April as the seeds were pre-processed against diseases and
pests (by Vitavax — 250 ml / 100 kg seeds and by Diafuran 2.5 1 / 100 kg seeds respectively).
Herbicide Gardian3000 ml/ ha was applied before sowing and Merlin duo — 1500 ml/ha was
applied during vegetation of maize for weed control. All the stages of the established
technology for maize growing under non-irrigation conditions were followed. Harvesting was
done at full maturity. The grain yield is determined with standard grain moisture of 13%.
The indices length of the cob (cm), cob diameter (mm), number of the row per cob, number of
the grains per row, number of the grains per cob, mass of the grains per cob (g) and grain
yield (kg/ha) were determined.
For the purpose of determining the quantity dependence between the studied indicators, the
experimental data were processed according to the Anova Method of dispersion analysis, and
the differences between the variants were determined by means of the Dunkan’s Multiple
Range Test (Dunkan, 1995).
The major climatic factors determining the growth, development and productivity of maize
are temperature and rainfall, their combination and distribution throughout the vegetation
season.
The years of the study (2014-2016) differed significantly in the amount and distribution of
rainfall during vegetation (Fig. 1). Its amount in the first experimental year was 317 mm, i.e.
63.1 mm higher than the amount measured for a long period of time. During the critical stages
of plant growth and development, the crop was well supplied with moisture and that
determined 2014 as a favourable year for maize production. The amount of rainfall between
April and August 2016 was 256 mm or 61 mm less than the first year of the study, but those
values were very close to the values reported for a long period of time, which determined the
third year of the experiment as good for the studied hybrids. The least amount of vegetation
rainfall was reported in 2015 — only 125 mm, versus 253.9 mm measured for a long period of
time. The insufficient amount of moisture in June and July (3 and 4 mm, respectively) when
maize was in the critical stages of development, determined the second experimental year as
dry and unfavourable for the crop. Comparing the values of the average monthly temperatures
during the years of the study showed that they were very close in all the three years and they
were higher than those measured for a long period of time (Fig. 2). Just those temperature
values in combination with the reported vegetation rainfall had an effect on the growth and
development of the plants.
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The most favourable for maize growth and development was the first experimental year
(2014), followed by the third (2016), and unfavourable was the second year (2015), of the
experiment, having an effect on the productive potential of the studied maize hybrids.

Results and Discussion
The established structural elements of the yield are presented in Table 1. Data showed that
those characteristics change under the influence of the meteorological factors during the years
of the study. The highest values of the major structural elements of the yield were recorded
during 2014 economic year, followed by those reported in 2016 and the lowest were
registered in 2015. Compared to the other studied hybrids, PR35F38 was characterized by
longer cobs, a larger diameter of the cob, a larger number of rows and grains per cob, as well
as by a higher grain weight per cob.
In the first experimental year, the cob length ranged from 19.5 cm in hybrid PR38D89 to 21.4
cm in PR35F38, whereas in 2015 the values of that characteristic were significantly lower (by
38% on average) and they were from 14.0 to 15.6 cm. In 2016 the cob length ranged from
17.2t019.1 cm.
On average for the period of the study, the cob length of hybrid PR35F38 was 18.7 cm and
exceeded the hybrids PR36R10 and PR37D25 by 6.2%, the hybrid PR37H24 — by 8.7% and
PR38D89 — by 10.6%.
Data about the cob diameter of the studied hybrids showed that during the first experimental
year the values ranged from 42 mm in PR38D89 to 55 mm in PR35F38, while in 2015, which
was unfavourable for maize production, the values were 7 to 11 mm smaller.
On average for the period 2014-2016, the cob diameter in the studied hybrids ranged from
39.0 to 50.0 mm. The lowest values of that characteristic were reported in hybrid PR38D89
and the highest — in the hybrid PR35F38. Hybrids PR37D25 and PR36R10 had a cob diameter
of 43.3 and 46.3 mm, respectively. Hybrid PR35F38 exceeded in cob diameter the hybrids
PR38D89, PR37H24, PR37D25 and PR36R10 by 28.2%, 20.0%, 15.5% and 7.8%
respectively.
The number of rows per cob is a genetically determined characteristic (Valkova, 2007). The
reported values varying in number from 14.0 to 16.0, from 12.6 to 14, and from 13.4 to 14.8
in 2014, 2015 and 2016, respectively, showed that this characteristic was less affected by the
conditions during the years of the study than the cob length. However, the number of rows per
cob in all the studied hybrids in the first year was 11.5% and 5.5% higher on average than in
the second and in the third year.
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Hybrid PR35F38 had from 2.8% to 14.3% larger number of rows per cob in the separate
years, compared to the others hybrids included in the study. The lowest values of that
characteristic were recorded in hybrid PR38D89 — 13.3 rows and on the average for the years
of the study, the hybrid had 12% less rows per cob compared to PR35F38 and 6.7% less
number of rows per cob on average, compared to hybrids PR37H24, PR37D25 and PR36R10.
During 2014, which was favourable for plant growth and development, the highest values of
the number of grains in a row were reported. Their number ranged from 34.0 in hybrid
PR38D89 to 42.0 in PR35F38. Hybrid PR36R10 surpassed the hybrids PR37D25 and
PR37H24 by 4.5 and 5.7%, respectively, and hybrid PR38D89 — by 9.4%, but fell behind
PR35F38 by 11.9%.

Tablel. Structural elements of the yield

Indices Years of Hybrids
study PR38D89 | PR37D25 | PR37H24 | PR36R10 | PR35F38

Length of 2014 19.5 20.1 19.7 20.2 214
the cob, 2015 14.0 14.3 14.6 14.7 15.6
cm 2016 17.2 18.4 17.4 18.0 19.1
Average 16.9 17.6 17.2 17.6 18.7
Cob 2014 42.0 46.0 44.0 52.0 55.0
diameter, 2015 35.0 41.0 38.0 41.0 44.0
mm 2016 40.0 43.0 43.0 46.0 51.0
Average 39.0 43.3 41.7 46.3 50.0
Number of 2014 14.0 15.0 14.3 15.2 16.0
the row 2015 12.6 13.2 13.6 13.4 14.0
per cob 2016 13.4 14.0 14.0 14.4 14.8
Average 13.3 141 14.0 14.3 14.9
Number of 2014 34.0 35.6 35.2 37.2 42.0
the grains 2015 275 29.0 29.5 28.4 31.0
per row 2016 30.0 34.0 35.0 36.0 38.0
Average 30.5 32.9 33.2 33.9 37.0
Number of 2014 415.6 530.2 505.1 524.0 583.2
the grains 2015 235.4 278.0 265.0 260.8 311.0
per cob 2016 392.8 470.1 420.0 486.5 507.0
Average 374.9 426.1 396.7 429.8 467.1
Mass of 2014 157.2 161.0 160.7 167.3 174.8
the grains 2015 84.3 97.0 96.2 96.0 97.8
per cob, g 2016 120.7 140.0 132.3 149.5 160.0
Average 120.7 132.7 129.7 137.6 144.2

In the dry and unfavourable for maize 2015, a smaller number of grains in a row was
established compared to the previous one. In the studied hybrids that characteristic was from
27.5 10 31.0, the differences between the hybrids ranging from 0.9 to 3.5.
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In the third year of the study, the maize hybrids yielded from 30.0 to 38.0 grains per row,
exceeding those produced in 2015 by 9.1% to 22.6%, but falling behind those produced in
2014 by 10.5% to 13.3%.

The largest number of grains in a row, on average for the study period, was obtained in hybrid
PR35F38 — 37.0 grains, followed by PR36R10 — 33.9, PR37H24 — 33.2 and PR37D25 — 32.9.
The lowest value was recorded for hybrid PR38D89 — 30.5 grains.

The number of grains per cobs in the studied hybrids varied throughout the years of the
experiment and ranged from 415.6 to 583.2 in 2014, from 235.4 to 311.0 in 2015 and from
322.8 to 507.0 in 2016, respectively. In the first year of the study, hybrid PR35F38 produced
167.6, 78.1, 59.2 and 53 more grains per cob, in the second one — 75.6, 46, 50.2 and 33 more
grains and in the third one — 114.2, 87, 20.5 and 36.5 more grains, compared to hybrids
PR38D89, PR37H24, PR36R10 and PR37D25, respectively.

On average for the period 2014-2016, hybrid PR35F38 yielded 467.1 grains per cob and
exceeded the other studied hybrids by 15.2% on average.

The grain weight per cob is one of the most important structural elements of the yield and to a
certain extent it determines the productivity of maize hybrids. The values of that characteristic
in all the studied hybrids were the highest in 2014, ranging from 157.2 to 174.8 g, while in
2015 and 2016 the values were from 72.9 to 77 g lower and from14.8 to 36.5 g lower,
respectively.

The highest grain weight per cob (on average for the experimental period) was established in
hybrid PR35F38 — 144.2 g, surpassing hybrid PR36R10 by 4.8%, hybrid PR37D25 by 8.7%,
hybrid PR37H24 by 11.2% and hybrid PR38D89 by 19.5%, respectively.

The results obtained for the grain yield of the studied maize hybrids showed that both the
productivity elements and the values of that characteristic varied depending on the
meteorological conditions during the years of the experiment (Table 2). The amount of
rainfall during vegetation, its good distribution and the combination with the average monthly
temperatures favoured the higher yields obtained in the first year compared to the second and
the third year of the study.

In 2014, the highest statistically significant yield was obtained from hybrid PR35F38 (9100
kg/ha), followed by PR36R10 (8800 kg/ha), PR37D25 (8520 kg/ha) and the lowest — from
hybrid PR38D89 (7000 kg/ha).

The insufficient rainfall during the vegetation season in 2015, especially during the stages of
maize tasseling and silking, was the reason for the low grain yields. They varied from 2010 to
2650 kg/ha for the studied hybrids. In that year, hybrid PR36R10 surpassed in yield hybrids
PR37D25 and PR37H24 by 9.1 and 14.3%, respectively, but fall behind hybrid PR35F38 by
10.4%, the values being significant.

Table 2. Grain yield, kg/ha

Hybrids Years of study Average for
2014 2015 2016 the period, kg/ha
kg/ha kg/ha kg/ha

PR38D89 7000° 2010° 6700° 5237

PR37D25 8520 ¢ 2200°¢ 7250°¢ 5990

PR36R10 8800 ¢ 2400¢ 7400¢ 6200

PR37H24 7600° 2100° 7050° 5583

PR35F38 9100° 2650°¢ 7700°¢ 6483
LSD s, \ 225 | 86 | 143 |

It was statistically proven that the average yield obtained from hybrid PR35F38 was 27.2%
higher compared to the other studied hybrids.
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In the third year of the experiment (2016), the grain yield ranged from 6700 to 7700 kg/ha, i.e.
it was significantly higher (from 4690 to 5050 kg/ha) compared to the previous 2015. The
highest yield was obtained from hybrid PR35F38 and it exceeded PR36R10, PR37D25 and
PR37H24 by 300, 450 and 650 kg/ha, respectively, the differences being statistically
significant. The lowest yield was obtained from hybrid PR38D89, the values being 14.9% less
than the yield from PR35F38, 9.2% less than PR37H24, 6.2% less than PR37D25 and 4.0%
less than PR36R10, which was statistically proven.

The highest yield, on average for the period of the study, was obtained from hybrid PR35F38
(6483 kg/ha) surpassing by 4.6%, 8.2% and 16.1% hybrids PR36R10, PR37D25 and
PR37H24, and the lowest yield was obtained from hybrid PR38D89 — 5237 kg/ha.

The analysis of variance of the grain yield (Table 3), showed a strong statistically proven
effect of the year with its specific climatic conditions — 52%. The genetic potential of the
hybrids also had a significant influence on the values of that characteristic (30%).

Table 3. Analysis of variance.

Source of Variation SS df MS F P-value n2
Hybrids 7590904,05 4 1897726,0 13,62 0,000 30,0
Years 271574836,8 2 135787418,0 974,86 0,000 52,0
Interaction 3221296,67 8 402662,08 2,89 0,010 18,0
Residual 6268039,29 45 139289

A well-proven interaction between the two factors was established (18%).

Conclusions
The productive potential of the studied maize hybrids in North-Eastern Bulgaria is largely
determined by the meteorological conditions of the year and, above all, by the amount and
distribution of vegetative rainfall.
The highest values of the structural elements of the yield were established in hybrid PR35F38
and the lowest — in PR38D89.
On average during the period of the study (2014-2016), the highest grain yield was obtained
from PR35F38 — 6483 kg/ha, followed by PR36R10 — 6200 kg/ha and the lowest — from
hybrid PR38D89 — 5237 kg/ha.
Out of the studied maize hybrids grown in the region of North-Eastern Bulgaria, it is
recommended to cultivate hybrid PR35F38, as it proved to be more productive than hybrids
PR36R10, PR37D25, PR37H24 and PR38D89 in climatically different years.
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Abstract

Low cost and high dry matter content are the reasons why cereals play an important role in
feeding ruminant animals. Nevertheless, maize forage is poor in protein content which leads
to low quality and nutritive value. Regarding the high feed costs of protein supplementations,
legumes can be used in livestock nutrition for their high protein content, and thus, provide
cost savings. In this study, maize (Zea mays L.) and cowpea (Vigna unguiculata L.) were
intercropped in different sowing densities and their monocropping equivalents were tested to
determine the best intercropping system on forage yield and quality. Maize was cultivated
alone (75 000 plants ha™) and intercropped with cowpea as follows: 75 000 plants ha™ of
maize and 37 500 plants ha™* of cowpea (M), 75 000 plants ha™ of maize and 50 000 plants
ha™* of cowpea (M) and 75 000 plants ha™* of maize and 75 000 plants ha™ of cowpea (Ms), in
rows alternating with maize. The highest dry matter yield was produced by M (20.4 t ha™),
and the lowest by M; (17.3 t ha™). All intercropped systems had higher dry matter crude
protein contents, M; (101 g kg™), M, (114 g kg™) and M3 (125 g kg™), than the monocrop
maize (79 g kg-1). Intercropping of maize with cowpea reduced neutral detergent fibre and
acid detergent fibre contents, resulting in increased forage digestibility. Therefore, maize
intercropping with cowpea could substantially increase forage quantity and quality, and
decrease requirements for protein supplements as compared with maize monocrop.

Keywords: Intercropping, Maize, Cowpea, Yield, Quality

Introduction
In many regions of Europe, whole-plant maize silage is the basic feed used in the feeding of
dairy cows and fattening cattle. As a cultivation system, intercropping involves the planting of
two or more crop species simultaneously at the same field during a growing season
(Kipkemoi et al., 2010, Costa et al., 2012, Ofori and Stern, 1987). Proper spatial
arrangements, planting proportions and the maturity dates of components in maize-grain
legume intercropping improve biodiversity and have many advantages over monocrop maize
cropping. Although maize provides high yield in terms of dry matter, it produces forage with
low protein content. However, protein is needed by livestock for growth and milk production.
Protein is also needed by rumen bacteria which digest much of the feed for ruminant animals
(Ghanbari-Bonjor, 2000). Therefore, it is necessary to provide livestock with protein
supplements when forage quality is low. The purchase of protein supplements is expensive
and results in high feed costs. Cowpea, an annual legume with a high level of protein (about
twice that of maize), can be mixed with maize to improve forage protein content of diets and,
thus, the costs of high quality forage production can be lowered. Intercropping has many
advantages over sole cropping. It provides an efficient utilization of environmental resources,
reduces risk to the cost of production, provides greater financial stability for farmers,
decreases pest damages, suppresses weed growth more than monocrop, improves soil fertility
through increasing nitrogen to the system and improves forage yield and quality (Francis et
al., 1976; Willey, 1979). Many research studies have explored the use of intercropping for
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forage production. Toniolo et al. (1987) reported significantly higher crude protein (CP)
content of maize-soybean intercropping than that of monocropped maize. Javanmard et al.
(2009), worked on intercropping of maize with different legumes, and showed that dry matter
yield and crude protein yield of forage were increased by all intercropping compositions
compared with the maize monocrop. Dahmardeh et al. (2009) concluded that intercropping of
maize and cowpea resulted in more digestible dry matter and also crude protein content than
maize mono-cropping. The present study was designed to determine the effect of different
patterns of maize-cowpea intercropping in resource consumption on fodder yield and quality.

Material and Methods

A field experiment was carried out during the 2016 growing season at experimental fields in
Bjelovar, Croatia. Meteorological data of the experimental site are presented in Table 1.

Table 1. Mean monthly air temperature and rainfall during the 2016 growing season

Weather Month
data April May June  July  August September
Air temperature (°C) 13.0 16.2 21.3 23.3 20.5 18.3
Rainfall (mm) 43.2 85.2 78.4 57.4 114.9 46.7

The experiment was set up as a randomized complete block design with three replicates.
Maize was sown as monocrop (SM) and intercropped with cowpea as provided in Table 2.
Maize hybrid seed (KWS Kolumbaris) was obtained from Seed Company “KWS”. Seed of
the cowpea cultivar “Dolga vigna” was obtained from Company “Sjemenarna”. The treatment
comprising the individual plot size was 12 m x 5 m.

Table 2. Planting densities of solo maize and maize—cowpea intercrops in various treatments

Treatment Planting density

SM 75 000 plants ha™ of maize

M, 75 000 plants ha™ of maize and 37 500 plants ha™ of cowpea
M, 75 000 plants ha™ of maize and 50 000 plants ha™ of cowpea
Ms 75 000 plants ha™ of maize and 75 000 plants ha™ of cowpea

The maize population (75 000 plants ha™) were spaced at 70 cm x 19 cm and cowpea
population (37 500, 50 000 and 75 000 plants ha™) were spaced at 70 cm x 38.1 cm, 70 cm x
28.6 cm and 70 x 19 cm, respectively, in rows alternating with maize. Basic tillage was
carried out by ploughing to 30 cm depth. Presowing preparation was done using a tractor-
mounted rototiller. All plots were fertilized with the same amount of fertilizer before sowing,
containing 200 kg of N ha™, 100 kg P,Os ha™ and 200 kg of K,O ha™. Maize and cowpea
were sown to a depth of approximately 5 cm by hand in April 30, 2016. Herbicides or
pesticides were not applied. Hand weeding by hoe was done once when the maize was
approximately 30 cm in height. The soil of the research area has an acid pH 5.0 reaction (M-
KCI), poor humus (2.1%), poorly supplied with physiologically active phosphorous (8.8 mg
P,0s/100 g soil), medium supplied with physiologically active potassium (13.4 mg K,0/100 g
soil) and richly supplied with total nitrogen amounting to 0.24%. The fresh fodders were
manually harvested when the maize reached soft dough stage and cowpea at R8 stage and
then chopped into 20 mm size pieces with a chaff cutter. The dry matter (DM) content was
determined by drying in an oven at a temperature of 105°C to a constant mass. Crude protein
(CP) was measured according to Kjeldahl (AOAC, 2000), neutral detergent fibre (NDF) and
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acid detergent fibre (ADF) were measured according to the Van Soest method. Significance
of the differences between the means was determined according to the least significant
difference (LSD) at 0.05 probability level.

Results and Discussion
Fresh forage yields differed significantly (P<0.05) among treatments, varying between 45.8 t
ha* (SM) and 61.2 t ha™ (Ms). Dry matter yield of the plots showed trend similar to that for
fresh forage yield (Table 3). Monocrop maize had the lowest dry matter yield (16.8 t ha™).

Table 3. Fresh forage, dry matter and crude protein yield of the studied treatments.

Fresh forage yield Dry matter yield Crude protein
Treatments t ha™ tha™ yield
tha*
SM 45.8¢ 16.8c 1.33d
M; 48.5¢ 17.3c 1.97c
M, 54.0b 18.8b 2.14b
M 61.2a 20.4a 2.55a

Different letters in the column mean a significant difference (P < 0.05)

Cowpea can be intercropped with maize (Dahmardeh et al., 2009) and sorghum (Ahmad et al.,
2007) for a higher yield and quality compared with sole cropping. One possible explanation
for the higher yields of intercrops is the ability of the crops to exploit different soil layers
without competing with each other. Further, higher consumption of environmental resources,
agronomic practices, crop genotypes, photosynthetically active radiation and soil moisture
during rainy periods by intercropping can affect the yield and potential use of the
intercropping system (Ofori and Stern, 1987; Anil et al., 1998; Lithourgidis et al., 2006).
Geren et al., (2008) and Htet et al., (2016) showed that legume contribution to maize in
mixtures was significant and increased the total biomass yield of mixtures. In this experiment
My treatment had the highest CP yield of 2.55 t ha™ (Table 3) of the treatments. Maize alone
had the highest content dry matter (366 g kg™), while M3 treatment had the lowest (333 g kg
1). One of the main reasons for intercropping maize and cowpea is to increase silage crude
protein level. As crude protein is very important in livestock feeding, silage that contains
more crude protein is desirable. In this study, treatment M3 had the highest crude protein level
(125 g kg™ DM), followed by M, (114 g kg™ DM), M1 (101 g kg™), and monocrop maize (79
g kg™ DM), respectively (Table 4). Results in the present study were in agreement with other
studies where legumes also increased crude protein concentration when in a mixture with
maize (Dawo et al., 2007; Baghdadi et al., 2016; Erdal et al., 2016; Htet et al., 2016). This
could be due to higher nitrogen availability for maize in intercropping compared with the
monoculture crop (Eskandari et al., 2009; Eskandari, 2012).

Table 4. Nutrient composition of maize and maize-cowpea intercropped fresh forage (g kg™
DM).

Treatments

Nutrient composition
SM M, M, M,

Dry matter 366a 356b 348c 333d
Crude protein 79d 101c 114b 125a
Neutral detergent fibre 411a 391b 371c 342d
Acid detergent fibre 23la 217b 204c 192c

Different letters in the row mean significant difference (P < 0.05).
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Cowpea fodder is a rich source of crude protein, giving up to 184 g kg™ (Khan et al., 2010)
Furthermore, protein content of cowpea forage (220 g kg™) was higher compared to some
legumes such as lablab (Lablab purpureus), mucuna (Mucuna pruriens) and grass species
(Sorghum sudanense), though it was the species least consumed by goats (Gwanzura et al.,
2011). Dahmardeh et al. (2009) concluded that maximum crude protein percentage of forage
was obtained at the milky stage and minimum crude protein was achieved at the dough stage
of maize growth in maize-cowpea intercropping. According to the results obtained from this
study, neutral detergent fibre contents changed between 411 g kg™ DM (monocrop maize) and
342 g kg™ DM (treatments Ms). The neutral detergent fibre content is important in ration
formulation because it reflects the amount of forage that can be consumed by animals
(Lithourgidis et al., 2006). High quality forages have low concentrations of both neutral
detergent fibre and acid detergent fibre and high digestibility (Peterson et al., 1994). As lower
amounts of fiber components help better digestion, it stems that soybean intercropped plots
were superior to monocrop maize in terms of neutral detergent fibre and acid detergent fibre.
Generally, neutral detergent fibre concentration is greater for grasses than for legumes
(Dahmardeh et al., 2009). Acid detergent fibre concentrations, consisting of cellulose and
lignin, are important because they determine the ability of an animal to digest the forage. As
the acid detergent fibre increases, the digestibility of the forage usually decreases. The content
of acid detergent fibre in treatment Ms (192 g kg™) was lower than that of other treatments.
Similar results have been reported by Dahmardeh et al. (2009) and Htet et al. (2016).
Dahmardeh et al. (2009) reported that maximum ADF (31.85%) was recorded by sowing
maize alone while increasing the proportion of cowpea seeds to 50% in intercropping with
maize, resulted in the lowest ADF (25-89%).

Conclusion

The conclusion of the present study is that intercropping of maize with cowpea at various
planting densities was shown to be an effective way to influence fresh biomass production,
dry matter and crude protein content to maintain or enhance nutrient quality of fresh forage.
Intercropping of maize with cowpea increased crude protein, decreased neutral detergent fibre
and acid detergent fibre concentrations in fresh forage. Finally, intercropping with 75 000
plants ha™ of maize and 75 000 plants ha™ of cowpea was most suitable according to the
nutrient composition in fresh forage.
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Abstract

Cereals are high important in feeding ruminant animals for their high dry matter production
and low cost. However, maize forage is poor in protein content which shows its low quality
and nutritive value. Regarding to high feed costs of protein supplementations, legumes can be
used in livestock nutrition for their high protein content and, thus, providing cost savings.
Since legumes have low dry matter yield, acceptable forage yield and quality can obtained
from intercropping cereals and legumes compared with their sole crops. In this study, maize
(Zea mays L.) and soybean (Glycine max L. Merril) intercropped in different numbers of rows
and their monocropping equivalents were tested to determine the best intercropping system on
forage yield and quality. Maize was cultivated alone and intercropped with soybean as
follows: 1 row maize to 1 row soybean (1M1S), 1 row maize to 2 rows soybean (1M2S) and 1
row maize to 3 rows soybean (1M3S). The highest dry matter yield was produced by
intercropping 1M3S (19.2 t ha™) and the lowest by 1M1S (16.9 t ha™). All intercropping had
higher crude protein values in dry matter 1M1S (113 g kg), 1M2S (122 g kg) and 1M3S
(130 g kg™) than the monocrop maize (77 g kg™). Intercropping of maize with soybean
reduced neutral detergent fiber and acid detergent fiber content, resulting in increased forage
digestibility. The study showed that among all intercropped forages the 1M3S (1 row maize to
3 rows soybean) was preferable according to forage vyield and quality than other
intercropping.

Keywords: Intercropping, Maize, Soybean, Yield, Quality

Introduction
In many regions of Europe, whole-plant maize silage is the basic feed used in the feeding of
dairy cows and fattening cattle. Although maize provides high yield in terms of dry matter, it
produces forage with low protein content. Toniolo et al., (1987) observed significantly higher
crude protein content of maize-soybean intercropping than that of monocropped maize.
Javanmard et al., (2009) worked on intercropping of maize with different legumes. Authors
pointed out that dry matter yield and crude protein yield of forage were increased by all
intercropping compositions as compared with the maize monoculture. The use of maize
grown for ensilaging and the seeding of soybean with maize in alternate-rows as 1 maize + 1
soybean or 1 maize + 2 soybeans highly increased the silage quality and crude protein content
(Altinok et al., 2005). The intercropping yields are often higher than in sole cropping systems
(Lithourgidis et al., 2007). The reasons are mainly that resources such as water, light and
nutrients can be utilized more efficiently than in the respective sole cropping systems (Liu et
al., 2006). The underlying principle of better resource use in intercropping is that, if crops
differ in the way they utilize environmental resources when grown together, they can
complement each other and make better combined use of resources than when they are grown
separately (Ghanbari-Bonjor, 2000). Yield advantages occur when intercrop components
compete only partly for the same plant growth resources, and inter specific competition is less
than intra-specific competition (Vandermeer, 1989). Light, water and nutrients are more
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completely absorbed and converted to crop biomass by intercropping. This is a result of
differences in competitive ability for growth factors between intercrop components (Davis
and Woolley, 1993). Efficient utilization of available growth resources is fundamental in
achieving sustainable systems of agricultural production. Intercropping can conserve soil
water by providing shade, reducing wind speed and increasing infiltration with mulch layers
and improved soil structure (Young, 1997). Physiological and morphological differences
between intercrop components affect their ability to use resources; especially cereals with
legumes, have several advantages such as higher total yield, better land use efficiency (Dhima
et al.,, 2007), yield stability of the cropping system (Lithourgidis et al., 2006), better
utilization of light, water, and nutrients (Javanmard et al., 2009), improved soil conservation
(Anil et al., 1998), soil fertility through biological nitrogen fixation, increases soil
conservation through greater ground cover compared to sole cropping, and provides better
lodging resistance for crops that are susceptible to lodging when grown in monoculture
(Lithourgidis et al., 2006) and better control of pests and weeds (Banik et al., 2006;
Vasilakoglou et al., 2008). Atmospheric nitrogen fixation by legumes can reduce the
competition for nitrogen in the legume-cereal intercropping system, allowing the cereals to
use more soil nitrogen (Eskandari et al., 2009). This can affect forage quality of intercrop
components because protein content is directly related to the nitrogen content of the forage
(Putnam et al., 1986). The present study was designed to determine the effect of different
patterns of maize-soybean intercropping in resource consumption on fodder yield and quality.

Materials and Methods

A field experiment was carried out during the 2016 growing season at experimental fields in
Bjelovar, Croatia. Meteorological data of the experimental site are presented in Table 1.

Table 1. Mean monthly air temperature and rainfall during the 2016 growing season

Weather Month
data April May June July August September
Air  temperature  13.0 16.2 21.3 23.3 20.5 18.3
(°C)
Rainfall (mm) 43.2 85.2 78.4 57.4 114.9 46.7

The experimental design is set up as randomized complete block design with three replicates.
Maize was seeded as monocrop (SM) and intercropped with soybean as follows: 1 row corn to
1 row soybean (1M1S), 1 row corn to 2 row soybean (1M2S) and 1 row corn to 3 row
soybean (1M3S). Maize hybrid seed “KWS Kolumbaris” was obtained from Seed Company
»KWS*“ The soybean cultivar seed known as ,,0AC Wallace* was obtained from Company
»RWA Agro“. The treatment comprising the individual plot size was 12 m x 5 m. The maize
and soybean were spaced at 70 cm % 19 cm and 70 cm x 5 cm with population of 75 189 and
285 720 plants per hectare, respectively. Basic tillage was carried out by ploughing to 30 cm
depth. Presowing preparation was done using a tractor-mounted rototiller. All plots were
fertilized with the same amount of fertilizer before sowing, containing 200 kg of N ha™, 100
kg P,Os ha’ and 200 kg of K;O ha™. Maize and soybean were sown to a depth of
approximately 5 cm by hand in April 30, 2016. Herbicides or pesticides were not applied.
Hand weeding by hoe was done once when the maize was approximately 30 cm in height. The
soil of the research area has an acid pH 5.0 reaction (M-KCI), poor humus (2.1%), poorly
supplied with physiologically active phosphorous (8.8 mg P,Os/100 g soil), medium supplied
with physiologically active potassium (13.4 mg K,0/100 g soil) and richly supplied with total
nitrogen amounting to 0.24%. The fresh fodders were manually harvested when the maize
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reached soft dough stage and soybean at R7 stage and then chopped into 20 mm size pieces
with a chaff cutter. The dry matter (DM) content was determined by drying in an oven at a
temperature of 105°C to a constant mass. Crude protein (CP) was measured according to
Kjeldahl (AOAC, 2000), neutral detergent fibre (NDF) and acid detergent fibre (ADF) were
measured according to the Van Soest method. Significance of the differences between the
means was determined according to the least significant difference (LSD) at 0.05 probability
level.

Results and Discussion

Fresh forage yield differences of the treatments were statistically significant (P<0.05). Fresh
forage yield varied between 55.6 t ha™ (monoculture maize) and 45.1 t ha™* (1M1S). Erdogdu
et al. (2013) reported that 50% corn + 100% soybean sown in alternate rows was superior to
monoculture maize. Dry matter yield of the plots showed similar trend as for fresh forage
yield (Table 2). Monoculture maize had the highest dry matter yield (20.3 t ha™). Monoculture
maize and 1M3S treatment were not statistically different which indicated that 1M3S
intercropping system was comparable to monoculture maize in terms of dry matter yield. It
was reported that maize-soybean intercrops produced higher dry matter yield than either
species sole (Tans1 and Saglamtimur, 1992; Geren et al., 2008; Eskandari, 2012; Eslamizadeh,
2015).

Table 2. Fresh forage, dry matter and crude protein yield of the studied treatments

Treatments Fresh forage yield Dry matter yield Crude protein yield
tha™ tha' tha'

SM 55.6a 20.3a 1.56d

1M1S 45.1¢c 16.9c 1.91c

1M2S 48.4¢c 18.7b 2.28b

1M3S 51.7b 19.2a 2.50a

Different letters in the column mean significant difference (P < 0.05)

One possible explanation for the higher yields of intercrops is the ability of the crops to
exploit different soil layers without competing with each other. Besides, higher consumption
of environmental resources, agronomic practices, crop genotypes, photosynthetically active
radiation and soil moisture by intercropping raining period can affect the yield and potential
use of the intercropping system (Ofori and Stern, 1987; Anil et al., 1998; Lithourgidis et al.,
2006). Geren et al., (2008); Htet et al., (2016) indicated that, legume contribution to corn in
mixtures was significant and increased the total biomass yield of mixtures. In this study the
1M3S treatmens had the highest crude protein yield value 2.50 t ha™ (Table 2) than other
treatments. Sole maize had the lowest content dry matter (345 g kg™), while 1M3S treatment
had the highest value (370 g kg™). One of the main reasons of intercropping maize and
soybean is to increase silage crude protein level. Since crude protein is very important in
livestock feeding, silage that contains more crude protein is desirable. In this study in 2016
year, treatments 1M3S had the highest crude protein level (130 g kg™* DM), followed by
1M2S (122 g kg™t DM), 1M1S (113 g kg™), and monoculture maize (77 g kg™ DM) (Table 3).
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Table 3. Nutrient composition of maize and maize-soybean intercropped fresh forage (g kg™

DM).

Nutrient Treatments
composition

SM 1M1S 1M2S 1M3S
Dry matter 345d 353c 362b 370a
Crude protein 77d 113c 122b 130a
Neutral detergent 413ns 376ns 381ns 399ns
fibre
Acid detergent 228ns 191ns 213ns 218ns
fibre

Different letters in the row mean significant difference (P < 0.05).

These results showed that an increased proportion of legumes in intercrops increased the
crude protein contents in mixture. Results in the present study were in agreement with other
studies where legumes also increased crude protein concentration when in a mixture with corn
(Dawo et al., 2007; Dahmardeh et al., 2009; Baghdadi et al., 2016; Erdal et al., 2016; Htet et
al., 2016). It could be due to higher nitrogen availability for maize in intercropping compared
with the sole crop (Eskandari et al., 2009; Eskandari, 2012). According to the results from this
study, neutral detergent fibre values changed between 413 g kg™ DM (monoculture maize)
and 376 g kg™ DM (treatments 1M1S). The neutral detergent fiber content is important in
ration formulation because it reflects the amount of forage that can be consumed by animals
(Lithourgidis et al., 2006). High quality forages have low concentration of both neutral
detergent fiber and acid detergent fiber and high digestibility (Peterson et al., 1994). Since
lower amount of fiber components help for a better digestion, it stems that soybean
intercropped plots were superior to monoculture maize in terms of neutral detergent fiber and
acid detergent fiber. Generally, neutral detergent fiber concentration is greater for grasses than
for legumes (Dahmardeh et al., 2009). The acid detergent fiber concentration values,
consisting of cellulose and lignin, are important because they describe the ability of an animal
to digest the forage. As the acid detergent fiber increases, the digestibility of the forage
usually decreases. The value of acid detergent fiber at tretment 1M1S (191 g kg™) was lower
than that at all tretments. Similar results have been reported by Dahmardeh et al. (2009) and
Htet et al. (2016).

Conclusion

The conclusion of the present study is that intercropping of maize with soybean at various
planting densities was shown to be an effective way to influence fresh biomass production,
dry matter and crude protein content to maintain or enhance nutrient quality of fresh forage.
Intercropping of maize with soybean increased crude protein, decreased neutral detergent
fibre and acid detergent fibre concentrations in fresh forage. Finally, intercropping with 1M3S
treatment (1 row maize to 3 rows soybean) was most suitable according to the nutrient
composition in fresh forage.
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Abstract
The intensification of all processes of cultivation and production of agricultural crops is a
basis of the modern agriculture, which means sowing of thoroughbred seeds. Therefore, in the
leading countries of the world, special attention is paid on industrial seed farming. The right
management of seed farming enables complete realization of productivity of the variety and
maintaining its economic and biological properties.
In the modern conditions in seed farming great attention is paid to variety replacement and
variety renewal. Fast replacement of a variety provides the complete revealing of potential
opportunities of new variety, which  ensures the fastrefund. Renewal of the varieties
provides the maintaining of high-quality traits of varieties. Proceeding from the methods of
releasing of varieties, the duration of their use in production varies from one to five years.
Proceeding from international experience, those countries which provide fast replacement of
varieties and their renewal, receive big yield per hectare.
Nowadays, in Georgia there is no system of seed farming, the farms as usual use sub-
standard seeds therefore productivity of crops is catastrophically low (wheat —1,5 t/hectare,
corn - 2,5 t/hectare, potatoes - 15,0 t/hectare).
The system of seed purification of varieties is quite a long process and it takes 6-7 years.
Therefore for the reduction of duration of seed purificationwe set a goal to develop the
accelerated method of receiving seeds. On the basis of the researches conducted in 2013-2017
was developed the technique of the accelerated receiving of basic seeds of new and deficit
varieties in 3-4 years instead of 6-7 years.

Key words: seed farming, grade, wheat, elite, standard seeds.

Introduction

Seed farming is a branch of agriculture, which plays an important role in receiving of a big
and qualitative yield [1,2,3,4,5].In the modern conditions in seed farming great attention is
paid to variety replacement and variety renewal. Fast replacement of a variety provides the
complete revealing of potential opportunities of a new variety, which ensures the fast refund.
At distribution of new varieties isimportant the development of separate elements of
technology of their cultivation, which is differentiated depending on features of a variety. An
important part of seed farming is the variety renewal, which provides maintaining of its high-
quality traits [4. Proceeding from the methods of release of varieties, the duration of their use
in production varies from one to five years. It is possible to sow hybrid seeds only for one
year, in case of correct conducting of seed farming, hybrid varieties can be sown for 4-5
years.

The correct conducting of seed farming requires knowledge of biology of the variety
[Naskidashvili Petre et al.(2013), Kevkhishvili Vladimer.(1998), Kevkhishvili Vladimer.
(2001).]. Variety is a spontaneous, stable and discreet biological system. Degree of resistance
of variety depends: on the consistence of the pollination way, on the level of a modification
variation, on the level of cross-pollination by cultures, as in the self-pollinated varieties, as
well as in the cross- pollinated ones. For example,in the cross-pollinated cultures,self-
pollination decreases the productivity, also the development of plants is slowed down, many
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traits get worse, ineach subsequent generation the regression is increased (5-14 generations).
The reasons of deterioration in high-quality traits and features are: 1.Mechanical
contamination and the pollination by the other varieties; 2. Splitting; 3. Diseases of plants. 4.
Identification of mutations [Samadashvili Tsotne., Naskidashvili Petre.(2014), Popolzukhin
Petre et al.(2008)];

Mechanical contamination often causes biological contamination of the variety.Biological
contamination takes place in case of the absence of isolation of the sown plots. For the
evaluation of mechanical contamination on seed sites is carriedout field approbation.

Seed farming ensures maintaining of high-quality traits in the process of production and
provides the growth of productivity by 25-40% [1,4]. Seed farming is in close connection
with the seeds maintaining,which studies questions of production of seeds and methods of
definition of increase in their quality.

Nowadays, in Georgia there is no system of seed farming, the farms as usual use sub-
standard seeds therefore productivity of crops is catastrophically low (wheat - 1,5t on
hectare, corn - 2,5 t/hectare, potatoes - 15,0 t/hectare ,at the same time these indices in the
Europe are correspondingly : 6,5 t/hectare, 9,0 t/hectare, 60 t/hectare). The Law on seed
farming, adopted in Georgia define the international names of categories of seeds:breeder
seed, prebasic (superelite) seed, basic (elite) seed and certified (reproductive) seed.

Breeder seeds are the seeds received from agricultural crops and which are produced by the
breeder of a variety or the person employed by him. Breeder provides maintenance of all
valuable characteristics of the variety. Breederenters the variety at the StateRegister.
Production of such seeds takes place at primary stage of seed farming under the name of
breeding seeds. The seeds which meet requirements of the standard are called standard seeds.
These seeds guarantee a high yield [SamadashviliTsotne., NaskidashviliPetre. (2014)].

World breeding achievements gave us the opportunity to carry out variety replacing once in 6-
8 years. The system of seed purificationis quite a long process and it takes 5 years. Therefore,
for the reduction of duration of seed purification we set a goal to develop a method of the
accelerated receiving of elite seeds.

Material and Methods
For the initial material from the nurseries of selection weretakenwinter wheat varieties
Bezostaya-1 and Saul-9. Both varietiesare recommendedfor the production in all wheat
producing regions of Georgia. In 2013, on the Sartichalatesting station selected  3000-3000
original ears and sown in the rows on the Mukhraniagricultural experiment station. In 2014-
17 studying of the generations and nurseries was carried out in four replications. Studying
area of each variety made 50 sq.m.For thedevelopment of the accelerated method of seed
purification four options were taken:
| option — the nursery of selection of the first year, nursery of selection of the second year,
nursery of multiplication of the first year, nursery of multiplication of the second
year,multiplication of the third year, superelite (5 years).
Il option — the nursery of selection of the first year, nursery of selection of the second year,
nursery of multiplication of the first year, nursery of multiplication of the second vyear,
superelite (4 years).
I11 option — the nursery of selection of the first year, nursery of selection of the second year,
nursery of multiplication of the first year, superelite(3 years).
IV option — the nursery of selection of the first year, nursery of multiplication of the first year,
nursery of multiplication of the second year, superelite(3 years).
Phenological and biological studying of wheat varietieswas carried out according to the
method developed by UPOV.
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During the vegetative period it was studied viability of plants,the survival, thetillering, the
blossoming, the maturing .The assessment of wheat variety resistance to basic diseases was
carried out: to yellow and stem rust, septoria, head blight and mildew.. Economic signs of
each separate varietywere studied: the plant height, productive tillers, ear length andnumber
of cones on an ear, number of grains in an ear, the weight of grains of one ear, and the weight
of 1000 grains. The productivity was defined in four replications on the area 0of2sqg.m. For the
establishment of varietal purity of both varietieson separate sections were studied theindexes
of varietal purity, for the assessment of reliability of average sizes were defined an standard
deviation, average error and variation factor. (Tables 1 and 2).

Researches were conducted on Sartichala testing territory of Gardabani district and Mukhrani
testing station of Mtskheta district. Soil and climatic conditions of both territories satisfied
biological requirements of a winter wheat. In the researcheswas applied the modern
technology of receiving seeds of wheat (well-timed and high-quality processing of the soil,
complex of agricultural measures, wide-row crops, carrying measure of fight against
diseases, wreckers and weeds). In 2014-2017 the vegetative period of wheat was
characterized by various climatic conditions,which was reflected in a drought and sharp
fluctuations of high temperatures.

Results and Discussions
During the vegetative periodphenologicalstudy was conducted: on emergence, tillering,
maturing, resistance to lodging, resistance to diseases.
In 2014-17 the economic indicators did not differ significantly and they completely revealed
the characteristic traits.
During 2014-17 the height of plants varied: in Bezostaya-1 between 90.4-104.4 cm, in Saul-
9 - 95.2-106.8 cm, ear length in Bezostaya-1 up to 7.6-11.1 cm, in Saul-9 —up to 10.4-11.8
cm, productive tillers of variety Bezostaya-1 within 1,7-2,5, of variety Saul-9 respectively-9
- 2,8-3,8. By number of grains in one ear of a control plant of variety Bezostaya-1 - 39.5-
45,3, weight 2.2-3.0 g; in an ear of a control plant in Saul-9 respectively 42.1-52.3, weight
2.3-2.6 g; weight of 1000 grains of a variety Bezostaya-1 - 45.1-47,5 grams, of variety Saul-
9 the weight of 1000 grains - 43.5-45,6 grams.
The results of studying in nurseries of selection in 2014-17 are presented in the Tables No. 1-
2. Apparently in 2014 the number of off-types of variety Bezostaya-1 in the nursery of
breeding of the first year was 15 plants, of variety Saul-9 - 7. In the nursery of the second year
of breeding - respectively 1 and 0 plants. The received results meetthe standard requiredfor
the seeds of the first category.
The number of off-types in the nursery of multiplication of the first year as a result of sowing
the seeds received in the nursery of selection of the first year in variety Bezostaya-1 was 18,
in variety Saul-9 - 8. By the data received in 2015, variety Bezostaya -1 did not meet the
standard. Number of atypical plants in nursery of multiplication of the first year as a result of
sowing the seeds received in the nursery of selectionof the second year in variety Bezostaya-1
was 6, in variety Saul-9 - 2. Bothindicators completely met the standard.
In the nursery of multiplication of the second year the number of off-types in
varietyBezostaya -1 did not increase -5 plants, and invariety Saul- 9 was sharply reduced and
was only 2. In nursery of multiplication of the third year the number of off-types sharply
increases and in variety Bezostaya-1 reached 33, and in a variety Saul-9 - 18. In the first case
the seeds were sub-standard, and in the second — on the verge.
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Table 1. Nursery of reproduction of seed purificationof wheat variety Bezostaya-1 2014-2016

Year / nursery

Number of typical plants 1 m2

Number of off-typesl m2

Statistical analysis, %

\Y

\Y

VI

VII

VI

total

v

\Y

VI

VII

VI

total

varietal

purity
(%)

Standard
Error of
means

Variation
factor

The nursery of selection
of the first year of 2014

418

387

407

398

367

402

478

489

3346

15

99,54

0.06

0.18

The nursery of selection
of the first year 0f2015

348

367

390

407

415

312

385

382

3006

99,97

0.03

0.08

The nursery of selection
of the second year of
2015

378

412

422

413

378

356

413

447

3210

18

99,44

0.06

0.17

2015
Nursery of
multiplication of the
first year

516

498

479

490

513

506

459

476

3937

99,85

0.05

0.15

2016
Nursery of
multiplication of the
first year

453

464

476

450

478

487

453

442

3703

99,92

0.06

0.16

2016
Nursery of
multiplication of the
second year

417

432

403

387

401

432

412

456

3340

99,85

0.06

0.17

2016
Nursery of
multiplication of the
third year

367

349

373

385

361

390

402

368

2995

33

98,9

0.09

0.26
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Table 2. Nursery of reproduction of seed purificationof wheat variety Saul 2014-2016

Number of typical plants 1 m2 Number of off-typesl m2 Statistical analysis, %
Year / nursery vi | v varietal Standard Variation
| 1 i v \% VI VIl | VIII | total | 1 m | v vV | VI total | purity(% Error of
1 ] factor
) means

The nursery of selection
of the first year of 2014

478 | 489 | 482 | 523 | 436 | 487 | 405 | 472 | 3772 2 0 1 1 0 0 1 2 7 99,81 0.06 0.17

The nursery of selection
of the first year of 2015 | 476 | 482 | 503 | 489 | 512 | 545 | 390 | 423 | 3820 | 0 | 0 [ 0o |0 |0 | O | O] O 0 0 0 0

Nursery of selection of
the second year of

2015 480 | 455 | 419 | 435 | 502 | 478 | 418 | 422 | 3602 | 2 | 1 | 1 | 1| 1|0 | 1] 1 8 99,78 0.04 0.11

2015
Nursery of
multiplication of the

first year 506 | 506 | 492 | 509 | 517 | 501 | 478 | 507 | 4016 | O 1 0 0 0 0 0 1 2 99,95 0.03 0.09

2016
Nursery of
multiplication of the

first year 496 | 437 | 466 | 493 | 516 | 507 | 512 | 504 | 3931 | O 1 0 0 0 0 0 1 2 99,95 0.03 0.09

2016
Nursery of
multiplication of the

second year 417 | 468 | 498 | 503 | 518 | 546 | 518 | 576 | 4044 | O 0 0 0 1 0 0 1 2 99,96 0.03 0.08

2016
Nursery of
multiplication of the

third year 403 | 433 | 412 | 456 | 456 | 501 | 439 | 465 | 3565 | 3 2 2 2 3 0 2 4 18 99,47 0.08 0.25
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On the basis of the obtained data it is possible to present the scheme of options of the
accelerated technique of receiving elite seeds as following:

Scheme of receiving of superelite seeds

| Year Nursery
2014 The nursery of selection of the first year(3000 ears-family)
' }
The nursery of selection of Nursery of multiplication
2015 | the second yea_r(6000 ears - of the first year
family)
v v
Nursery of multiplication of Nursery of multiplication superelite
2016 : .
the first year of the first year (3 year)
o017 | Nursery of multiplication of > superelite
the second year (4year)
A4
o018 | Nursery of multiplication of | superelite
the third year (5year)

On the basis of the data, obtained after using the technique of the accelerated receiving of
elite seeds, confirmed with a statistical analysis, it is possible to receive the elite seeds in 3-4
years (scheme) instead of the classical scheme (7 years) provided by seed purification. The
technique of the accelerated receiving of the elite seeds gives to farmers to use elite seeds and
by that to provide annually a big and steady crop before the variety replacement.

Conclusion
On the basis of the experiment conducted during 2014-2017 and the analysis of the received
data, we can draw the following conclusions:
For the production of elite seeds, it is possible to use the accelerated method, which gives a
chance to accelerate this process for 2-3 years.
For the production of elite seeds it is possible to use the following scheme: nursery of
selection of the first year, nursery of selection of the second year, nursery of multiplication of
the first year, nursery of multiplication of the second year, superelite (4 years) or nursery of
selection of the first year, nursery of selection of the second year, nursery of multiplication of
the first year, superelite (3 years) or nursery of selection of the first year, nursery of
multiplication of the first year, nursery of multiplication of the second year, superelite (3
years).
For the farmers, who own the large areas of land and need a large amount of sowing
material it is better to use the following scheme: nursery of selection of the first year, nursery
of selection of the second year, nursery of reproduction of the first year, superelite (4 years).
For the farmers, who own the small areas of land for producing of necessary amount of
sowing material it is better to use this scheme: nursery of selection of the first year, nursery of
selection of the second year, nursery of reproduction of the first year, superelite (3 years).
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Four-year researches have convinced us, that the scheme for the production of elite seeds:
nursery of selection of the first year, nursery of reproduction of the first year, nursery of
reproduction of the second year, superelite (3 years) doesn't guarantee the receiving of
standard seed material at the subsequent reproduction, therefore using of this scheme isn't
recommended.
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Abstract

Single-plant selection under ultra-low density (interplant distance of 100 cm), between 3
common bean (Phaseolus vulgaris L.) cultivars, the Greek cultivars, Iro and Pirgetos and an
imported one, was performed in a honeycomb design experiment established during 2017 in
the main farm of the Western Macedonia University of Applied Sciences in Florina resulting
in first generation sister lines. Divergent selection of individual plants characterized as
providing high (H) and low (L) yield led to 3 H and 3 L first generation genotypes, for each
cultivar respectively. Salinity tolerance during germination and early seedling growth was
evaluated for 18 first generation sister lines and 3 original cultivars at 0, 60, 120 and 180 mM
NaCl in a randomized complete block design experiment with four replications. Germination
percentage (G%), mean germination time (MGT), coefficient of velocity of germination
(CVG%), time to 50% germination Tsp, sensitivity index (SI) and fresh and dry weight of
radicles and hypocotyls were measured. Salinity stress delayed germination and affected
early seedling growth significantly, with the biomass of radicles plus hypocotyls decreasing
with increase in salinity stress, in all genotypes tested. Significant differences were observed
among first generation sister lines and the original cultivars in their response to the highest
salinity stresses. Significant differences between H and L yielding lines were also shown on
Sl in salt stress especially within the cultivar Iro. Further research is needed to confirm the
results of the present study so that any existing variation is beneficially exploited.

Keywords: Ultra-low plant density, Salt tolerance, bean germination, Sensitivity index.

Introduction
Common bean (Phaseolus vulgaris L.) is the most widely cultivated legume crop,
representing near 50% of grain legumes for human consumption (McClean et al., 2004;
Acosta-Gallegos et al., 2007). Common beans are essential in Mediterranean diet schemes
and they are recognized as a significant source of high quality and low cost protein. Common
bean is the most significant among the other pulses in Greece and in the recent years the
cultivated areas are increased steadily especially in Northern and Central parts of the country
(Vakali et al., 2017). Modern agriculture depends by far on uniform crop varieties in order to
meet a growing demand for food by the world’s population, and in most cases several
landraces have progressively been replaced by elite cultivars which have high agronomic
performance to ensure increasing production and income, satisfying the farmers and
consumer’s needs (Mavromatis et al., 2007). Farmers mainly use foreign certified bean
varieties despite the existence of Greek varieties (Vlahostergios, 2001), which however give
unstable productive results. The existence of genetic heterogeneity in Greek genotypes is
offered for plant selection with methods of classical improvement and main criterion plant
yield (Papadopoulos et al., 2007). An intracultivar single-plant selection under ultra-low
density has been extensively used to exclude plant-to-plant interference for resources as nil-
competition boosts phenotypic expression and erases the masking effects induced by the
negative relationship between yielding and competitive ability thus making selection of
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desirable genotypes within a narrow gene pool applicable (Fasoula and Tokatlidis,
2012;Tokatlidis, 2015).

Soil salinity is an important constraint affecting agricultural productivity worldwide with
over 100 million hectares worldwide affected (Qadir et al., 2008). Salinity stress could be
caused by poor irrigation water containing high amounts of salts, accumulation of salts in the
top layer of the soil and the capillary rise of salts from underground water into the root zone
due to excessive evaporation. Salinity impairs seed germination, reduces the ability of plants
to utilize water and causes a reduction in growth rate as well as changes in plant metabolic
processes (Munns and Tester, 2008). The probable cause of salinity toxicity is due to osmotic
stress associated with lack of cell-wall extension and cell expansion leading to cessation of
growth and ion toxicity interfering with nutrient imbalance within the plant thus lowering net
photosynthetic rates in the affected plants (Khadri et al., 2007; Cabot et al., 2009). Legumes
are considered a relatively salt sensitive family with the common bean germination and
growth being affected at low salinity levels less than 2 dSm™. Effects of salinity during
germination and early seedling growth have been reported in even lower concentrations in
different bean genotypes (Bayuelo-Jimenez et al., 2002; Gama et al., 2007; Gutierrez et al.,
2009). One way reducing the deleterious effects of soil salinity on bean crop production is the
development of salt-tolerant cultivars either exploiting intraspecific variability or by
transferring genes from closely related wild species adapted to high salinity (Jimenez et al.,
2002).

The present study was undertaken to characterize intraspecific variability for NaCl salinity
tolerance in first generation sister lines of three different bean varieties during seed
germination and early seedling growth. The range of variation that could exist may be
utilized for identifying and developing improved genotypes which could perform better under
adverse conditions.

Materials and Methods

Three common bean determinate type genotypes, two Greek cultivars Iro and Pirgetos
developed by the Hellenic Industrial and Fodder Crops Institute and an imported one
Northern Type were cultivated in the experimental farm of the University of Applied
Sciences of W. Macedonia in Florina Greece (40°46" N, 21°22°E, 707 m asl), in a sandy
loam soil with pH 6.3, organic matter content 14.0 g kg™*, N-NO3 100 mg kg™, P (Olsen) 50.3
mg kg™ and K 308 mg kg™ and water holding capacity 21.8% (0 to 30 cm depth). The ultra-
low density (interplant distance of 100 cm), was achieved with individual plants occupying
equidistant hills in a zig-zig pattern. This density was used to preclude interplant competition
and allow plant yield efficiency to be fully expressed. The trial was composed of 350
individual plants from each genotype evenly and systematically allocated according to a
replicated honeycomb design (Fasoula and Tokatlidis, 2012). A total of 400 Kg/ha 0-20-0
and 200 Kg/ha 11-15-15 fertilizers were applied at planting, while additional N (50 g per
plant of a 27-0-0 fertilizer) was top-dressed when plants had reached the appropriate
developmental stage. Complete weed control was obtained by tilling and hand whereas
irrigation was performed by a drip irrigation system. Plants were harvested individually and
grain yield was measured at the physiological maturity stage and recorded at a per-plant
basis.

Divergent selection of individual plants characterized as providing high (H) and low (L) yield
led to 3 H and 3 L first generation genotypes, for each cultivar respectively. The 18 first
generation sister lines and the 3 original cultivars were evaluated for salt tolerance during
germination and early seedling growth at 0, 60, 120 and 180 mM NaCl concentration. Seeds
were surface sterilized with 2% sodium hypochloride solution for 5 minutes, rinsed with
sterile distilled water for several times and blotted onto sterile paper. Ten seeds from each
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genotype were manually scarified by removing 1 mm of the testa with a scalpel and placed in
covered, sterilized disposable Petri dishes containing filter paper moistened once with 10 ml
of distilled water or NaCl solution. The Petri dishes were tightly sealed with Parafilm to
prevent evaporation of water and changes in the solution concentration. A randomized
complete block design with a split plot arrangement of treatments and four replications was
used with NaCl treatments as main plots and the genotypes randomized within each main
plot. The experiment took place in a dark automatically controlled growth chamber with a
mean temperature of 25°C and relative humidity 85-90%.

Seeds were considered germinated when the radicle reached 2 mm in length. Percentage
germination was recorded every 24 h for 6 days. Germination percentage (G%), mean
germination time (MGT), time to 50% germination Tso and sensitivity index (SI), ratio of
median response at the three salt concentrations to the median response at the control, were
calculated. At the final day fresh weights of radicles and hypocotyls were recorded and
subsequently were dried at 50°C for 72 h and dry weights were measured.

Comparison of means was conducted by Least Significance Difference Test (LSD) after
analysis of Variance c(ANOVA), for two-factor randomized complete block design.

Results and Discussion
Final germination, germination percentage compared to the original genotypes for all first
generation sister lines and mean days to 50% germination T50 are presented in Table 1 for
the all NaCl treatments. Germination responses to 60 mM NaCl were not significantly
different than the controls and are not shown. In all genotypes tested the germination rate was
delayed in response to the highest salt concentrations and also the mean time to germination
increased with the addition of NaCl. This is in agreement with other studies where moderate
and high salt stress has adversely affected seed germination through osmotic effects
(Bayuelo-Jimenez et al., 2002; Gholami et al. 2009). The increase in T50 was greater at 180
mM than 120 mM with all sister lines regardless the yielding type performing better under
both treatments reaching 50% germination in significantly less time than the original
genotypes. No significant differences in mean germination time were shown between high
yielding lines compared to the low yielding lines in all three original genotypes.
With regard to final germination percentage many first generation sister lines were relatively
salt tolerant, exceeding 80% germination at 120 mM NaCl whereas two sister lines of
genotype Pirgetos and one of Northern type exceeded 90% germination (Table 1). The 180
mM NaCl salt stress treatment markedly reduced final germination for all genotypes tested
but all first generation sister lines performed either equally or better compared to their
original genotype. Our results demonstrated genetic variation in seed germination responses
to salinity among first generation sister lines and their original genotypes. Similar
observations have been reported in bean (Papadopoulos et al., 2007) and in lentil
(Vlahostergios et al., 2018) where compared to the mother populations, higher yields
combined with reduced abiotic and biotic stress incidences were observed in their first-
generation sister lines. The same genotypes which germinated over 90% in the 120 mM NacCl
stress also reached germination percentages between 65-78% at the highest salt treatment of
180 mM which is higher than what is observed in most saline agricultural soils (75-150 mM;
Gutierrez et al. 2009).
The sensitivity index of each genotype was estimated by the relative increase in mean
germination time with the addition of NaCl compared to the control. There were differences
on the stability of response to germination between original genotypes and first generation
sister lines and also between high and low yielding lines especially within genotype Iro in
both high salt treatments.
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Table 1. Germination responses and Sensitivity Index (SI) of high (H) and low (L) yield first
generation sister lines compared to the three original bean genotypes at 0, 120 and 180 mM

NaCl stress.
Salt concentration
0mM 120 mM 180 mM
Gen/ Yield G OG* T50** G OG T50 SI G OG T50 Sl
sister type % % d % % D % % d
lines
Pirgetos 93 1.30+0.10 80 2.50+0.05 19 50 270049 2.1
(A)
Al H 88 95  1.00+0.17 73 91 140+£0.16 14 55 110 1.50+0.28 1.5
A2 H 100 108 1.10+0.21 78 97 140+£0.18 12 55 110 1.70+0.12 1.5
A3 H 95 103  0.90+0.14 93 116 1.30+0.31 15 75 150 1.40+0.14 1.5
Ad L 97 105 0.70+0.19 95 119 1.50+0.16 2.1 78 155 1.80+0.36 2.6
A5 L 95 103  1.20+0.18 83 103 1.70+0.35 14 50 100 1.90+0.32 1.6
A6 L 97 105 1.10+0.20 85 106 1.70+£0.16 15 75 150 2.00+0.37 1.8
Iro 93 1.50+0.11 70 224005 15 45 2.20+0.22 15
(B)
Bl H 100 108 1.20+0.24 88 125 1.50+0.29 13 78 172 2.20+0.20 1.8
B2 H 100 108 1.40+0.17 75 107 1.50+0.19 11 60 133 2.10+0.39 1.5
B3 H 95 103  1.20+0.10 68 96 1.90+041 16 60 133 1.90+0.69 1.6
B4 L 98 105 1.20+0.14 88 125 1.40+040 1.2 48 106 1.60+0.59 1.3
B5 L 95 103  1.40+0.12 68 96 1.40+0.10 1.0 53 117 1.70+£036 1.2
B6 L 98 105 1.30+0.25 83 117 1.60+0.20 1.2 58 128 1.70+0.12 1.3
N. type 98 1.30+0.18 65 2.50+0.50 1.9 45 2.60+£0.49 2.0
©)
C1 H 98 100 1.20+0.20 83 127 1.30+0.30 1.1 45 100 1.70+£0.07 1.4
Cc2 H 98 100 1.30+0.14 75 115 1.50+0.29 16 63 139 2.50+0.52 1.9
C3 H 98 100 1.30+0.22 78 119 1.80+0.55 14 50 111 2.10+0.37 1.6
C4 L 98 100  0.90+0.28 78 119 1.10£038 12 40 89 1.80+0.29 2.0
C5 L 100 103  1.00+0.22 93 142 1.40+0.20 14 65 144 1.80+0.32 1.8
C6 L 95 97  1.00+0.22 83 127 1.70+£0.16 1.7 65 144 1.90+0.36 1.9

* % germination of the Original Genotype

** Days to 50% germination =SE

Table 2. Seedling growth of high (H) and low (L) yield first generation sister lines combined
for all three original bean genotypes under NaCl stress.

Fresh weight Dry weight
g seedling’ g seedling’
NaCl Genotype - .
MM yielding Radicle  Hypocotyl Total Radicle Hypocotyl Total
0 H 1.11 2.25 3.36 0.10 0.27 0.37
L 1.45 2.78 4.23 0.13 0.31 0.44
LSD* o5 0.29 0.36 0.61 ns 0.03 0.05
60 H 1.05 1.74 2.79 0.11 0.23 0.33
L 1.25 2.16 3.41 0.12 0.26 0.38
LSD g5 0.19 0.27 0.48 ns 0.02 ns
120 H 0.41 1.03 1.43 0.04 0.13 0.17
L 0.47 1.25 1.72 0.05 0.14 0.19
LSD g5 0.05 0.21 0.48 ns ns ns
180 H 0.20 0.55 0.75 0.02 0.08 0.10
L 0.18 0.52 0.69 0.02 0.07 0.09
LSD (05 ns ns ns ns ns ns

* LSD: Least Significant Difference at P<0.05, ns: No significant differences
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Salt stress inhibited seedling growth in all genotypes tested with the magnitude of reduction
being highly dependent on the salt concentration and hypocotyl growth to be more sensitive
than radicle growth (data not shown). Seedling growth of high and low vyielding first
generation sister lines, averaged over all three original genotypes is shown in Table 2. Fresh
weight of radicle, hypocotyl and total fresh seedling weight was significant different between
low and high yielding lines with the low yielded genotypes to have performed better in the
low and moderate salt concentrations. Similar response was shown even in the control
treatment. The low yielding lines had much lower seed size with irregular seed surface which
could explain faster water absorption and thereby higher seedling growth at the initial stages
(Debouck, 1999). In the highest salt stress concentration there were no significant differences
between the two yielding type sister lines. When dry weights were compared significant
differences were shown only in hypocotyl dry weight under the low salt treatment.

In conclusion, the results of this study demonstrate that there is intracultivar variation on salt
tolerance during germination and early seedling growth within first generation sister lines and
these could be used to identify and develop improved genotypes which could perform better
under adverse conditions. Further research is underway to confirm the results of the present
study and to exploit any existing variation.
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Abstract

Durum wheat is one of the most important cereal crops in Greece, both because of its
nutritional value and its economic importance, and itsgood adaptation to the soil and climate
conditions of the country as well. To study how the Greek durum wheat cultivars perform in
the cold environment of Florina under low input conditions,eight Hellenic durum wheat
varieties (cvs. Anna, Elpida, Selas, Mexikali, Athos, Papadakis, Aiantas and Thraki) were
used. The complete randomized block design was applied with four replications and the
experiment was established in the farm of the Western Macedonia University of Applied
Sciences in Florina. The following morphological traits were measured: height and total
height, the blooming, the length of spike, the number of fertile grain per spike, the length of
grain as well as the germination capacity, the yield, the weight per thousand grains, the
hectoliter weight, the protein content and the ashes. Differences were found between durum
wheat varieties regarding germination and vyield as well as the agronomic traits. No
significant differences were found concerning the protein content and the ashes. More early
blooming variety was the variety Thraki and the more late blooming was Athos. Regarding
yield, durum wheat cultivars Anna, Mexicali and Athos were ranked first, followed by
cultivar Thraki.lt was concluded from the results of the present study that most of the
examined cultivars performed satisfactory under low temperature and low input
conditionsand could be used by wheat breeders to produce new promising varieties under
similar conditions.Further research is needed to confirm the results of the present study.

Keywords: durum wheat, yield potential, cold resistance, low input conditions.

Introduction
Durum wheat is one of the most important cereal crops in Greece, because of its economic
and nutritional value. Durum wheat has a number of traits which make it ideal for pasta-
making. It also has high protein content, while its strong gluten matrix retains the starch
molecules during cooking (Feillet 1984). One of the most decisive factors in the reliable
production of winter cereals, including durum wheat, is resistance to extreme climatic
conditions in winter.
The main factors causing winterkill (alone or in combination) are related to low temperature
per se (such as extreme air or soil temperatures, below the critical temperature of a particular
wheat cultivar), or prolonged periods of low sub-zero temperatures; in particular, mid-winter
temperatures below -15°C result in the rapid loss of winter hardiness (Gusta et al., 1997).
Handling a complex trait such as winter hardiness in a breeding program is a difficult task,
due to the large number of genes involved and the numerous interactions with the
environment (Saulescu and Braun 2001). A factor limiting breeding for increased frost
tolerance is the variation in the occurrence of frost stress across years. But the main difficulty
in breeding cold tolerant wheat is that high freezing tolerance is generally associated with
lower vyields and later maturity. However Friedrich et al., (2013) studied the association of
frost tolerance with other important traits in durum wheat reported that frost tolerance was
not negatively associated with other important agronomic and quality traits.
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So in order to discuss the improvement of winter hardiness, it is necessary to evaluate the
relationship between yield, quality, and winter hardiness to increase the acceptance of winter
durum new cultivars. The association between frost tolerance and quality is controversially
discussed by breeders. Lafferty (2010) considers the combination as challenging, but not
impossible and suggests a selection of quality on a level of classical quality spring durum
varieties, moderate frost tolerance on bread wheat level and excellent yield performance.

The creation and use of high-yielding varieties that are resistant to abiotic stresses (such as
drought, salinity, extremely low or high temperatures) and adapted to extreme environments
is considered necessary (Acevedo and Fereres 1994, Lazaridou and Xynias 2017).Winters in
Florina area, and especially the previous winter (2017-18) are characterized by very low
temperatures so the evaluation of the existing genetic material of durum wheat (a crop
adapted to dry- heat conditions) characterized by tolerance to cold is the only approach that
could contribute to the problem.

The aim of the present study was to investigate the combination of frost tolerance with
important agronomic and quality traits and with high grain yield in durum wheat
varieties. This study was undertaken to evaluate the behavior of eight Hellenic durum wheat
varieties in the cold environment of Florina under low input conditions.

Materials and methods

For the purpose of the study eight durum wheat cultivars (Anna, Elpida, Selas, Mexikali,
Athos, Papadakis, Aiantas andThraki) developed at the Cereal Institute of Thessaloniki
(Cereal Institute of Thessaloniki 1985) were used. The examined cultivars were sown in early
November 2016 in a field at the University of Applied Sciences of W. Macedonia Farm in
Florina Greece, in a sandy loam soil. Seedbed preparation included mould board plough, disc
harrow and cultivator. Nitrogen and P,0s at 80 and 40 kg ha™, respectively, were incorporated
into the soil as diammonium phosphate (20-10-0) before sowing. The crop was kept free of
weeds by hand hoeing when necessary. The plots were consisted of five rows of which the
three inner were harvested. The randomized complete block design (Snedecor and Cochran
1980) with four replications was used. The following morphological traits were measured:
height after tillering and total height, the blooming, the length of spike, the number of fertile
grain per spike, the length of grain as well as the germination capacity, the yield, the weight
per thousand grains, the hectoliter weight, the protein content and the ashes. The blooming
was measured as number of days from the sowing to heading. Finally an observation about
thefrost tolerance of the above mentioned durum wheat cultivars was made. Data were
statistically analyzed and the means were compared according to HSD test at p=0.05.

Results and Discussion
Significant differences were recorded between the examined cultivars in yield (significant
differences at p = 5%, Table 1). Yield ranged from 1103.4 kghain cultivar Aiantas to 3824.1
kghain cultivar Anna (Table 1). More productive cultivars are Anna and Mexicali followed
by Athos. The insufficient yield performance of cultivars Elpida and Aiantas may be due to
very low germination capacity of those cultivars. Symptoms of frost stress were observed at
the cultivar Athos in the leaves of three out of four replications, in plants of one replication of
cultivar Mexicali, Papadakis, and Selas. All other cultivars did not show any symptoms.
Nevertheless the cultivars Athos and Mexicali are among the most productive cultivars so the
frost didn’t cause a serious damage for the cultivars, in other words the cultivars managed to
overcome this damage. Anna is the most productive variety and the most tolerant, although it
is known from the literature that the traits that are associated with freezing tolerance, such as
delayed spring growth or small cells, can have negative effects on yield (Saulescu and Braun
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2001). The above results suggest that there must be no effect of the frost tolerance on the
durum wheat cultivars performance.

Regarding the final height and the height after tillering, the differences were significant
(Table 1). Total height ranged from 0.641 m in cultivar Aiantas to 0.768 m in cultivar Anna.
Anna is the tallest cultivar but generally the height (after tillering and final) is low for all
cultivars studied because of the extremely low temperatures of the winter. Aiantas and Thraki
are the shortest varieties although Aiantas is the tallest variety after tillering.

Table 1. The germination capacity, the yield, the height after tillering and the
final height of eight durum wheat cultivars

Cultivar Germination Yield Height after ~ Final Height
capacity % Kg/ha tillering(m) (m)

Anna 74.25ab 3824.1a 0.248b 0.768a
Elpida 10.25d 1561.6bc 0.244b 0.744ab
Mexikali 78.75ab 3565.5ab 0.249ab 0.702bc
Athos 78.25ab 3044.1ab 0.231b 0.711bc
Thraki 71.25ab 2573.5bc 0.236b 0.643d
Papadakis 80.00a 2256.5bc 0.235b 0.668cd
Selas 56.25bc 2250.3bc 0.231b 0.681ab
Aiantas 33.75¢ 1103.4bc 0.275a 0.641d

Means in columns followed by different letters, are significantly different at p<0.05
by Tukey’s HSD test.

In all other morphological traits (the length of spike (m), the number of fertile grain/spike the
length of grain) statistically significant differences were observed between the examined
cultivars. (Table 2).

Table 2. The length of spike, the number of fertile grains/spike the length of grain of eight
durum wheat cultivars

Cultivar Blooming length of  number of fertile length of
(days to spike (m) grain/spike grain
heading) (m)
Anna 156 0.144a 27.90ab 0.0069a
Elpida 160 0.142a 29.50a 0.0069a
Mexikali 155 0.127b 21.22b 0.0066ab
Athos 170 0.121b 24.16ab 0.0062b
Thraki 165 0.129ab 23.22ab 0.0070a
Papadakis 167 0.135ab 25.80ab 0.0066ab
Selas 160 0.137ab 24.74ab 0.0067ab
Aiantas 159 0.144 a 25.57ab 0.0066ab

Means in columns followed by different letters, are significantly different at p<0.05
by Tukey’s HSD test.

Khan et al. (2013) reported significant and positive direct effect of spike number and large
indirect effects of days to heading and plant height on grain yield. In the present study it was
found that the grain yield is not related to the number of kernels per spike, but to the plant
height and the number of days to heading. (Tables1,2). The tallest and earliest varieties (Anna
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and Mexikali) were the most productive, except cv. Athos, which is the latest variety and
simultaneously among the most productive. The same was reported by Mekhlouf et al.,(2006)
who found out that the grain yield ability, and the tolerance to low temperatures were
unrelated and were represented by separate PC (principal components) components.

In all other quality traits studied, statistically significant differences were observed between
the examined cultivars except protein content which is very low in all cultivars studied
probably due to extreme conditions of the year (Table 3).

Table 3. The weight /thousand grains, the hectoliter weight, the protein content, and the ashes
of eight durum wheat cultivars

Cultivar hectoliter weight the protein Ashes
weight /thousand content %
grains %
Anna 57.6 82.50 10.65a 1.65ab
Elpida 56.0 80.10 10.90a 1.53b
Mexikali 50.0 80.90 10.69a 1.63ab
Athos 454 85.30 10.39a 1.66a
Thraki 57.2 80.50 10.90a 1.57ab
Papadakis 48.0 83.30 11.10a 1.56ab
Selas 49.0 80.10 10.52a 1.65ab
Aiantas 48.2 78.50 11.25a 1.57ab

Means in columns followed by different letters, are significantly different at p<0.05
by Tukey’s HSD test.

The results of this study were in agreement with Friedrich et al.,(2013) who
found that frost tolerance was not negatively associated with other
important agronomic and quality traits. In the present study the most
tolerant varieties Anna, Elpida, Thraki and Aiantas had good quality
features. Szucs et al. (2003), after eight years of experiments, reported that the durum
wheat genotypes studied had average state of hardening and winter hardiness equal or better
than those of winter T. aestivum varieties. From the present study it seemed that actually the
durum wheat cultivars used had almost equal cold tolerance than those of T. aestivum
varieties cultivated in the field in area near this experiment.

Conclusions

It was concluded that there are considerable differences in performance between the
genotypes studied in the cold environment of Florina. From the present study it is found that
the grain yield is not related to the number of kernels per spike, nor to the genotypic capacity
to cold tolerance, but to the number of days to heading. The earliest varieties were the most
productive. The above results suggest that there must be no effect of the frost tolerance at the
productivity of durum wheat cultivars. Therefore, the breeding objective should not be to
maximize winter hardiness, but to develop cultivars with the minimum winter hardiness
necessary for a satisfactory performance for that region. A first estimate of these results leads
to the conclusion that sufficient performance is not necessarily associated with cold
resistance. However further research is needed to confirm the results of the present study.
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Abstract

In Hungary, the second best-selling potted and balcony plant is geranium (Pelargonium) after
cyclamen (Cyclamen sp.). Of the more than 240 types of Pelargonium, the most sensitive and
most infected is the garden geranium (Pelargonium hortorum). Due to the large crossing of
natural species, a large number of hybrid varieties are grown. The research was carried out in
Kecskemet at the Gyenes Flower gardening. In horticulture, there are more than 80 different
colors of the geranium standing, running, semi-trailer types, and the most recent F1 hybrid
types and English gnawing. The geranium plants are grown in 3 greenhouses on Klasmann's
peat. The research describing crop protection was carried out between 2013 and 2018. The
greatest damage was caused by the Western flower thrips (Frankliniella occidentalis). The
following insecticides were used against it: Mospillan, Admiral, Cyperkill and Lannate. The
leaves and a bud damage caused destroyed the plants to a large extent. Major damage was
caused by the greenhouse leaflet (Trialeurodes vaporariorum) and to the peat fly (Bradysia
sp.). The larva of peat fly damaged the geranium cuttings, which could cause the geranium to
develop and therefore death of the plant. Of the diseases, botrytis (Botrytis cinerea) was the
most typical. Typical geranium rust (Puccinia pelargonii-zonal) did not occur in horticulture,
due to the adequate prevention. Horticulture expands year by year and changes the
proportions of the types of geranium according to customer needs.

Keywords: Geranium (Pelargonium), Gyenes Flower gardening, plant protection,
Frankliniella occidentalis, Botrytis cinerea

Introduction
The geranium (Pelargonium) is part of the Geraniaceae family. Among the genus of the
geranium there are annual or perennial herbaceous species, rarely woody (semi-shrubs or
shrubs) (Nagy, 1975; Honfi et al., 2011). The most common species is the garden geranium
(Pelargonium hortorum) (Szanté et al., 2003). To Europe, the first geranium (Pelargonium
triste) was imported by the Dutch around 1600 from South Africa.
Today, the cultivated geranium species are of hybrid origin. The bloom depending on the
variety and the season lasts 20-40 days. It is an extraneous pollinating plant. The geranium
home country (South Africa), pollen mediated by the birds, while in Hungary the need for
artificial pollination when the core recovery. Generally, fertility is poor. The germination
strength is 71%.
The types of geranium are divided into two major groups according to the propagation
method: F1 hybrids can be grown from seed heterosis and vegetative shoots propagated
heterozygous varieties (Armitage and Kaczperski, 1992; Hass-Tschirschke, 1994; Burri,
2004). Heterosis breeding of varieties mainly deal with the United States. Horticulture
varieties grown in Europe did not extend to plant cultivation. Vegetative propagated varieties
can be grouped by growth. Small individuals grow to 20-30 cm (for example: variety of
Radio, variety of Friesdorf). Middle-height individuals are 30-40 cm high (e. g. variety of
Adonis, variety of Rubin). High individuals are 40 cm high (for example: variety of
Hungaria) (Nagy, 1975).
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The temperature requirement of the geranium moves within wide limits. Optimum
temperature is 16-18 °C day and night of 12-14 °C vegetative periods. During cuttings it is
20 °C, but it can withstand 25-30 °C during the summer planting. It then blooms with the
most intense water supply. The optimum temperature of the hybrid varieties is 18-24 °C
(Dobay, 1998).

In addition to the optimal light conditions, the geranium develops and blooms favorably.
With 25,000 lux illumination both in cultivation and outdoors, there is rapid growth, rich in
flowering, rich in branching, stem does not stretch. It does not damage the 50,000 lux light
when the required water content is available in the soil (Nagy, 1991).

Most of the geranium species live in their natural habitat in a dry, whimsical precipitation
distribution area. Relative humidity should not exceed 70-75% in the glasshouse and foil.
Particularly in the cool, dark, winter months, night and morning condensation are dangerous.
If the temperature reaches the dew point, the water will precipitate on the glass, foil and drop
into the plants, leading to the spread of the Botrytis (Glits and Folk, 2000). Winter irrigate
geranium enough for 2-3 weeks.

The geranium species live in their original habitat on sandy humus soil. In cultivation, soil is
not particularly demanding, just like other ornamental plants. The soils in the pH range of
6.3-7.2 are ideal. Nitrogen, phosphorous and potassium-rich, but excessive N content causes
strong vegetative development, hindering flowering. The N deficiency causes short leaves
and small leaves. Lime-rich sensitive, it induces chlorosis in plants. In the soil, the salt
concentration cannot rise above 0.5% otherwise the lower leaves will be smothered by salt
suffocation. Effective defense is frequent, abundant, relieving irrigation. Rooting medium
consists of 70-80% peat, 20-30% clay minerals, 10-20% bark + 2.5-3 kg / m® carbonated lime
+0.5 kg / m* complex fertilizer (Nagy, 1975).

Land disinfection is inevitable because the source of soil used in propagation and cultivation
is very high. In addition to soil-fungi, bacteria and weeds, we find viral infected plant parts in
the soil. The soil is disinfected by steaming at high temperatures at 92-95 °C for 4-6 hours
(Gerbar, 1992).

Among the most commonly used geranium pests to count the greenhouse whitefly
(Trialeurodes vaporariorum) during the cutting propagation and growing. In summer, on the
leaves of the geranium the Silver Y (Autographa gamma), on the geranium flower the cotton
bollworm (Helicoverpa armigera