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PREFACE

Dear colleagues,

| am pleased to introduce the Book of Proceedings of the 14™ International Scientific
Agricultural Symposium “AGROSYM 20237, which 1 hope you will find useful in your
work. Almost 700 contributions have been accepted for the Book of Abstracts. The themes of
AGROSYM 2023 cover all branches of agriculture and are divided into seven sessions: 1)
Plant production, 2) Plant protection and food safety, 3) Organic agriculture, 4)
Environmental protection and natural resources management, 5) Animal husbandry, 6) Rural
development and agro-economy, and 7) Forestry and agroforestry.

Many scholars and practitioners argue that technology can increase production and
feed more people while increasing supply stability and reducing the environmental impacts of
agricultural production. Technology has been particularly important for improving production
in annual crops such as maize, rice, soybean, wheat and cotton. Because trees have longer
cycles, their breeding programs take longer. New plant breeding techniques can improve
productivity, but there is a lively academic debate about their pros and cons.

While attention has been paid in the past mainly to the production side (cf.
productivity, efficiency), more attention is nowadays paid to the consumption side as well as
the intermediate stages (e.g. processing, distribution) of the food chain thus moving towards a
‘farm to fork’ approach. Globally, consumers are sending clearer signals about what they
want on their tables i.e. higher quality as well as healthier, safer, and tastier products.
Therefore, most agri-food companies have been exploring new, innovative ways to ensure
more control over the production processes as well as final products quality and safety.
Changes in investment strategy also have the potential to reduce the environmental and social
costs of agriculture. It is now clear to most investors that companies paying more attention to
sustainability and social responsibility, will have better returns on investments.

Agri-food systems have been central in the global debate on sustainable development
and the achievement of the Sustainable Development Goals (SDGs) by 2030. Indeed, agri-
food systems are at the center of various global challenges such as climate change, poverty,
vulnerability, food insecurity, biodiversity loss, resource scarcity and ecosystem degradation.
In this context, one of the goals of the sustainable agriculture movement is to develop farming
systems that mitigate or eliminate environmental harms associated with industrial agriculture.
It is also crucial to improve the resilience of food systems to crises, shocks and pandemics.

Many thanks to all the authors, reviewers and colleagues for their assistance in editing
the Book of Abstracts. Special thanks go to all co-organizers and partners for their unselfish
collaboration and comprehensive support.

- . ?
Do HKovoleris East Sarajevo, 07 October 2023
Prof. DuSan Kovacevi¢, PhD
Editor in Chief, President of the Scientific Committee of AGROSYM 2023
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Abstract

Soil coverage has been extensively used during the last decades to increase yield and decrease
inputs (irrigation, herbicides) in various fruit tree species. In the present trial, a black-white
plastic sheet was used to cover the soil between rows in a Kiwifruit orchard of the ‘Hayward’
cultivar. Treatments included the uncovered control, soil coverage with the white side
exposed to the sun, and soil coverage with the black side exposed. The yield, organoleptic
properties (pH, total soluble solids, titratable acidity), the percentage of dry matter, the total
phenol content, and the antioxidant capacity of the pulp were assessed at harvest, along with
the soluble sugar and organic acid concentration, while during the growing period, the soil
temperature and moisture were also assessed. Soil coverage resulted in a significant increase
in yield compared to control, while it resulted in lower total soluble solids at harvest. There
were not any significant differences concerning pulp soluble carbohydrate content, total
phenols concentration, and antioxidant capacity, while fruits produced under the treatment
with the white side exposed, exhibited higher ascorbic acid concentration. At the same time,
soil temperature was lower under the white side exposed compared to that measured in sites
where the black side was exposed. Soil moisture did not differ among treatments. Soil
coverage seems to be an efficient method to increase fruit yield in kiwifruit cultivation,
without any significant negative effect on fruit quality parameters.

Keywords: Actinidia Deliciosa, Antioxidant Capacity, Dry Matter, Phenolic Compounds,
Total Soluble Solids.

Introduction

Soil cover with either organic or inorganic materials has been an increasingly applied
technique in various crops (Steinmetz et al., 2016). Among the benefits of soil cover are
higher yields, earlier harvests, improved fruit quality, and increased water and fertilizer-use
efficiency (Coelho et al., 2022). At the same time, it prevents weed growth and water
evaporation, making a profitable management, in case it can improve crop production (Coelho
et al., 2022). Furthermore, it can alter insect biological cycle, if they need to complete a stage
in the soil, so it can result in minimization of pesticide use too. In the last decades, plastic
(polyethylene) films are used more and more, as they are easy to use and long-lasting
(Steinmetz et al., 2016). The latter is considered though as a negative property since they are
not easily degraded while during their degradation microplastics can occur which may have a
negative impact on the environment (Steinmetz et al., 2016).

Kiwifruit cultivation requires large amounts of water since it is a plant with high water
demands. At the same time, careful weed control is essential, due to the shallow root system,
which does not allow deep soil cultivation. Under these conditions, a plastic soil cover
(mulch) could be beneficial in reducing water needs and herbicide use. Since there are not
much data available for the efficacy of plastic mulch in kiwifruit, the present trial aimed at
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exploring the effectiveness of plastic mulch (plastic polyethylene sheet of black and white
surfaces) in terms of vine yield and fruit quality characteristics (organoleptic, physiological
and functional) as well as soil temperature and moisture.

Materials and methods

The experiment was conducted in Agrinio county, (Neapolis village, 38°38'04.1” N
21°19'08.8" E), Western Greece during the 2018 and 2019 growing periods. During the first
period, only the yield was measured while during the second one, all the measurements
described below took place.

A 15-year-old orchard (total area of 5 ha) of kiwifruit plants of cv. ‘Hayward’ with a trunk
height of 1.8 m, trained as a pergola and planted at distances of 2.0 x 4 m was selected as the
trial site. The soil was characterized as loam, with 7.25 pH, 1.76% w/w organic matter, 0.310
mS cm* electrical conductivity, and 3.05% w/w CaCOs;. The mean and the highest
temperature recorded for the 2019 growth period, were as follows: 26.3 <C and 37.8 °C in
June, 27.5 °C and 38.3 °C in July, 28.8 °C and 38.8 °C in August, 24.4 -C and 34.1 °C in
September, and 19.9 °C and 30.9 °C in October, respectively (data collected by a nearby
station). Approximately 83 mm of rainfall was recorded during the trial period (from the first
spray application to harvest). The applied cultivation practices (irrigation, fertilizing, pruning,
weeding (till the installation of the plastic cover), and spraying against fungi and pests) were
the same for all the vines of the orchard.

A black-white plastic sheet (2m wide) was used to cover the soil on both sides of the planting
row in early August, covering the area of four successive vines. The mulch was placed 1m
away from the trunk of the vines. The treatments included the uncovered control, soil cover
with the white side of the plastic mulch visible, and soil cover with the black side visible.

On the 20™ of August and on the 21% of September the soil temperature at 15 cm and 30 cm
depth was measured with a soil thermometer.

At harvest, on the 21% of October, all the fruits from the two central vines per plot were
harvested, the total yield was recorded and a sample of 25 fruits was transferred to the
laboratory for further measurements. The fruit weight, diameter, and length were measured
along with its firmness, after peeling off a small portion of the skin (at two equatorial sides of
the fruit). The dry matter (%) was also determined along with the pH, total soluble solids
(TSS), and titratable acidity (TA) of the pulp, after homogenizing the peeled fruits in a home
blender. The soluble carbohydrates and organic acids were measured in the pulp according to
(Denaxa et al., 2023). Furthermore, the total phenols (TPhen), total o-diphenols (oDs), total
flavonoids (TFLOIDS), total flavanols (FLANOLS), and the antioxidant capacity of the pulp,
based on diphenyl-picryl hydrazyl assays (DPPH) and ferric reducing power assay (FRAP)
were also measured in the pulp.

The experiment was arranged as a completely randomized design with four vines of four
replications per treatment (a total of 16 vines per treatment, 64 vines in total), where only the
two central vines were used, with the two vines at each plot’s edge serving as a buffer zone.

Results and Discussion

The soil temperature was significantly influenced by the presence of the plastic sheet (Table
1), especially at the top soil layer. Control plots exhibited higher temperature at 0-15 cm depth
than the soil covered with the white plastic, while in September the highest temperature was
recorded at both depths under the black cover. Similar effects of colored plastic covers have
been reported by other researchers too (Yadav et al., 2023).
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Table 1. Effect of soil cover on the mean soil temperature (°C ) at 15 and 30 cm depth.

Treatments 1% measurement (20" August) 2" measurement (21° September)
T —15cm T-30cm T —15cm T-30cm

Control 26.52 a 24.12 a 20.03 b 19.95b

Black 25.78 ab 24.32 a 20.95a 20.98 a

White 24.43 b 23.62 a 20.28 b 20.36 b

Means within the same column followed by different letter differ significantly based on
Tukey HSD test at a=0.05.

The total yield per vine was increased under the influence of soil cover with the plastic sheets
while other fruit physical parameters were not influenced (Table 2). Similar results in yield
increase have been reported in other species too (Ahmad et al., 2022; Shan et al., 2022;
Yadav et al., 2023).

Table 2. Effect of soil cover on the yield components and fruit physical properties.

Treatments Mean fruit | Mean fruit | Mean fruit | Firmness | Dry matter | Total yield
weight diameter | length (N) (%) per  vine
() (cm) (cm) (Kg)
Control 126.29a |56.12a 74.01 a 30.47 a 17.40 a 22.44 b
Black 121.94a |55.74a 74.17 a 30.42 a 16.51a 36.63 a
White 126.52a |57.12a 74.30 a 29.90 a 16.60 a 38.31a

Means within the same column followed by different letter differ significantly based on
Tukey HSD test at a=0.05.

Total soluble solids were significantly lower under the soil cover treatments, compared to the
control (Table 3). This could be an immediate effect of the higher yield since competition for
assimilates among fruits is expected to be higher under higher yields.

Table 3. Effect of soil cover on the pulp organoleptic characteristics.

Treatments pH Total soluble | Titratable acidity | TSS/TA
solids (TSS) | (% wiv citric
(°Brix) acid)
Control 2.79 a 7.63a 247 a 3.16a
Black 2.77 a 6.75b 210a 321a
White 2.87 a 6.48 b 2.08 a 3.12a

Means within the same column followed by different letter differ significantly based on
Tukey HSD test at a=0.05.

There were not many significant effects of soil cover regarding the concentration of soluble
carbohydrates in the pulp (Table 4).
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Table 4. Effect of soil cover on fruit soluble carbohydrates (g 100 g™ F.W.).

Treatments | Glucose Fructose Sucrose Inositol Total soluble sugars
Control 194 a 2.23a 0.38 a 0.22b 4.76 a
Black 142 a 1.66 a 0.18 a 0.23b 3.49a
White 1.64 a 2.10a 0.23a 0.32a 4.28 a

Means within the same column followed by different letter differ significantly based on
Tukey HSD test at 0=0.05.

Similarly, no significant difference was observed regarding the phenol content of the pulp and
its antioxidant capacity, indicating that the cover does not have much impact on the functional
properties of the fruit (Table 5).

Table 5. Effect of soil cover on pulp total phenolic compounds and antioxidant capacity
(based on FRAP and DPPH assays).

Treatments TPhen oDs FLANOLS | FLOIDS FRAP DPPH
Control 0.64a 0.028 a 0.0128 a 0.080 a 484 a 2.56 a
Black 0.84 a 0.027 a 0.0126 a 0.092 a 5.22 a 2.90 a
White 0.72 a 0.025a 0.0133 a 0.090 a 443 a 2.71a

TPhen, total phenols (mg equivalents gallic acid g© F.W.), oDs), total o-diphenols (mg
equivalents caffeic acid g™ F.W., FLANOLS, total flavanols (mg equivalents catechin acid g™
F.W.), FLOIDS, total flavonoids (mg equivalents caffeic acid g™ F.W.).

Means within the same column followed by different letter differ significantly based on
Tukey HSD test at a=0.05.

The ascorbic acid concentration of the pulp increased under the influence of the white plastic
cover, followed by that of the black plastic cover, indicating that the cover may exhibit
significant effects on vitamin C production (Table 6). Similar results have been reported by
other researchers too (Amare & Desta, 2021).

Table 6. Effect of soil cover on pulp organic acids (g 100g™ F.W.)

Treatments Malic acid Ascorbic acid Citric Acid Total organic
acids

Control 0.35a 0.15b 0.15a 0.69 a

Black 0.37 a 0.21 ab 0.18 a 0.75a

White 0.38a 0.32a 0.21a 091a

Means within the same column followed by different letter differ significantly based on
Tukey HSD test at a=0.05.

The impacts the plastic cover mulches may have on plant growth, productivity, and product
quality are believed to be the result of direct or indirect effects of the mulch on water use
efficiency, nutrient availability, root activity, photosynthetic capacity, and of course on soil
physical, chemical and biological properties (Amare and Desta, 2021).
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Conclusion

It seems that plastic soil cover may affect kiwifruit productivity and fruit quality. The higher
yield was recorded under the influence of white plastic, with great fruit properties regarding
both weight and size as well as dry matter percentage and total soluble solids which are the
major criteria indicating the suitability for harvest. Taking that into account along with the
possible saving of substantial quantities of water for irrigation, it can be assumed that plastic
mulch may become a significant tool in the sustainability of kiwifruit culture. Nonetheless,
more research is needed to examine the possible negative impacts of plastic mulches on soil
physicochemical and biological properties as well as long-term effects on kiwifruit vines.
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Abstract

The experiment to evaluate the tolerance of rootstocks to the salt content (NaCl) in the soil,
was developed during the three-years period 2019-2022. In this experiment, are included the 5
rootstocks used in Albanian nurseries, which are: SO4, 1103P, 779 P, 140 Ru and 110 R
(Richter).

The Tolerance Index (TI) was used to compare the level of rootstock tolerance to sodium
chloride in the soil. A higher TI value indicates higher tolerance of the rootstocks and better
adaptation to saline soils. The results showed that with increasing salt concentration, the dry
weight of shoots and roots decreased. The degree of dry weight reduction, under the same salt
concentration, varied depending on the rootstock type Based on the dry weight of shoots and
roots, the values of the Tolerance Index (T1) were calculated for each rootstock. The TI value
for the rootstock 779P was 398, for 140Ru it was 362, for SO4 it was 311, for 110R it was
332, and for 1103P it was 440. The ranking of rootstocks according to their Tl value, from
highest to lowest, is as follows: 1103P (440), 779P (398), 140Ru (362), 110R (332), and SO4
(311). The best rootstocks for growing vineyards in soils with a high content of Sodium
Chloride (NaCl), are 1103P, 779P, and 140Ru. On the other hand, SO and 110R rootstocks
exhibit low tolerance. These two rootstocks (SO4 and 110R), not be used to create vineyards
in soils with a high content of sodium chloride (Na Cl > 4 - 5).

Keywords: Rootstock, tolerance, index, soil, sodium chloride, etc.
Introduction

In the seedling production nurseries of grapevine rootstocks in Albania, antiphyloxera
rootstocks with hybrid origins have been used and continue to be used, such as Paulsen 1103,
Kober 5BB, SO4, Ruggeri 140, and 110R.

The chloride component of salty soils can be toxic. The Vitis berlandieri species is considered
tolerant, but Australian research has found the Vitis champini rootstock Ramsey to be quite
tolerant. Vitis vinifera is also tolerant. Rootstock 110R, or 110 Richter, is a relatively old V
berlandieri x V rupestris hybrid, made bay Franz Richter in 1902. Has high phylloxera
tolerance, but low nematode tolerance. Other rootstocks are 140 Ruggeri, is produced in 1894
in Sicily by Antonio Ruggeri, using V berlandieri and V rupestris. This rootstock should not
be planted on fertile, moist soils because of possible excess vigor. Paulsen 1103, was bred in
1896 by Federico Paulsen, the director of an American vine nursery in Sicily, by crossing V
berlandieri with V rupestris.

The increase in the surface area of soils with high salt content is a major concern for the
world. This phenomenon reduces soil fertility and limits the possibility of spreading and
cultivating the majority of agricultural crop.

Grapevine is a relatively stable plant against salt content in the soil. However, it is seriously
threatened in soils with high iron, chloride and sodium sulfate content. In order to facilitate
and expand the cultivation of vineyards even in these types of soils, starting from 1956,
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nurseries in Albania have used understocks with high tolerance to Sodium Chloride content in
the soil.

The metabolism and lifespan of the grapevine rootstock, along with the lifespan and actual
productivity indicators of the vineyard, depend on the level of tolerance of the used
understock.

Grapevine is a sensitive plant to excessive amounts of chlorides, sulfates, and carbonates in
soil and water. In Albania, salinization is a concerning issue in lowlands of the western
region. American species are more sensitive, while European varieties of grapevine, Vitis
vinifera, are more resistant. Under condition 1103P, it endures 0.9-1 g/l, while European
grapevine can withstand even 1.4-1.5 g/l NaCl content in soil.

Due to high salt content in soil, the concentration of chlorides in leaves increases, leading to
the disruption of the osmotic process. This results in reduced vegetative growth, accompanied
by the onset and progression of leaf chlorosis and necrosis, a process that continues until
complete dehydration of the plant.

The high salt content in soil causes low cell turgor, as the concentration of salt ions increases
within the cells.

To determine the dry weight of plant material using an analytical balance, the moist plant
material is weighed and recorded as weight P1. The material is placed in a thermostat for
drying at 105 degrees Celsius for 6 hours. It is then removed and allowed to cool, reweighed,
and recorded as weight P2. It is placed back in the thermostat for an additional hour, removed,
reweighed, and recorded as weight P3. If there is no difference between the consecutive
weights P2 and P3, the drying process is complete. Otherwise, the process is repeated until
complete drying of the plant material.

High soil salt content causes water shortage in plant cells. The water shortage indirectly
affects photosynthesis. The high salt content leads to cellular dehydration, decreased turgor,
and damage to enzymatic processes and functional structures of leaf tissues. Stomatal closure
occurs, hindering respiration and transpiration. Under these rootstocks, leaves with closed
stomata can only reassimilate internal CO; released from respiration.

The study and comparison of rootstocks resistance to biotic and abiotic factors are carried out
based on the codes and assessment levels of the vineyard international descriptor. Meanwhile,
the assessment of Rootstocks resistance to salinisation is done according to levels 1, 3,5, 7, 9
of the OIV Code 402.

The Tolerance Index (TI) was developed by La Rosa et al.1989 and has been used to compare
the tolerance of rootstocks to soil salt content. The value of the tolerance index is calculated
using the formula TI = 100 + Y n [x (Tx/T0) 100]. The TI value is based on the dry weight of
shoots and roots. According to Dardeniz et al. (2006), the higher the T1 value, the higher the
tolerance of the subcondition to soil salt content.

The ranking of rootstocks from the best for growing vineyards in soils with a high content of
Sodium Chloride (NaCl), Paulsen 1103, Kober 5BB, SO4, Ruggeri 140 or 110R.

Material and Methods

The experiment aimed to assess the influence of salt content (NaCl) in soil on the dry weight
of shoots and roots, as well as the Tolerance Index (TI), and was conducted over three
consecutive years, from 2019 to 2022, at the Experimental Base of the Agricultural University
of Tirana in Valias (Albania).

Five commonly used rootstocks in Albanian nurseries were included in the experiment:
1103P, 779P, 140Ru, SO4, and 110R.
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The rootstocks were rooted and tested in plastic pots with a volume of 10 liters. Pieces of
rootstock are prepared with two buds. The lower cut was made around 7 mm below the lower
bud, while the upper cut was made around 2.5 cm above the upper bud.
On March 10, 2019, the cuttings were directly placed in the pots for rooting and were kept in
controlled temperature greenhouse Rootstocks of 15-18°C.
The experiment included five rootstocks, each treated with six levels or variants of NaCl salt
concentration.
In each variant, five pots were treated and monitored, with two plants in each pot.
In total, the experiment consisted of 125 pots, with two plants in each (total 250
plants/rootstock).
The rootstocks were evaluated and compared in terms of the impact of salt concentration on
the dry weight of the root system and the above-ground system.
Six variants or levels of salt concentration were used in the irrigation solution, which were as
follows:

. V1 = Control, irrigation with regular water.

. V2 = Irrigation with water containing 1000 ppm NaCl.

. V3 = Irrigation with water containing 2000 ppm NaCl.

. V4 = Irrigation with water containing 3000 ppm NacCl.

. V5 = Irrigation with water containing 4000 ppm NaCl.

. V6 = Irrigation with water containing 50000 ppm NacCl.
For each variant and repetition, plastic labels have been placed where the type of substrate
and salt concentration variant are indicated.
Until July 30th, the pots were watered with regular water.
From July 30th to September 30th, for a period of 60 days, the pots were watered using a
NaCl salt solution, according to the previous variants.
At the end of September each year, 4 full plants were uprooted for each variant.
The root system of the uprooted plants was cleaned from soil and other debris.
Then, following the protocol of dry matter analysis, the shoots and roots of each variant were
removed and separated individually, and they were packaged in plastic bags.
Inside each bag, labels were placed indicating the name of the substrate and variant. The
packaged material was sent for drying and weighing at the Laboratory of the Department of
Horticulture at the Agricultural University of Tirana.
Using an analytical balance, the fresh weight of the shoots and the fresh weight of the roots
were measured and recorded as P1.
Next, the shoots and roots were placed in a thermostat at 105 degrees Celsius and kept for 6
hours. They were then taken out and left to cool for about an hour, and they were weighed to
record the weight as P2. They were again placed for further drying in the thermostat for
another hour and then weighed, recording the weight as P3. This process was repeated until
consecutive weighings showed no weight difference, indicating complete drying.
After drying and weighing, based on the dry weight of the shoots and roots according to the
variants and repetitions, the Tolerance Index (T1) values were calculated for each substrate,
and the substrates were ranked according to the value of the Tolerance Index (T1).
The Tolerance Index (TI) is calculated using the formula:

Where:
TI=100 + Xn [X (Tx/To) x 100
n - number of treatment levels (6)
X-0;0.1;0.2;0.3; 0.4and 0.5
« = Dry weight of shoots/Dry weight of roots of NaCl-treated plants.
Ty = Dry weight of shoots/Dry weight of roots of untreated plants (V1 variant plants).
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Based on the dry weight of shoots and roots, and the calculated values of Tolerance Index
(TI), the difference between variants and rootstocks has been identified. As demonstrated by
Derdeniz, the value of Tolerance Index is directly correlated with the level of tolerance of
Rootstocks towards high salt content in the soil. According to Derdeniz (2006), the ranking of
Rootstocks based on the value of Tolerance Index (TI) is the same as the ranking of
Rootstocks based on the degree of tolerance towards high sodium chloride content in the soil.

Results and Discussion

« The effect of sodium chloride (NaCl) on the dry weight of roots

According to the methodology, the drying and weighing of the dry matter of the root and
aboveground system were performed.

The dry weight of the root system, according to the Rootstocks and variations, is reflected in
the following table (Table 1).

Table 1. Dry weight of roots (according to rootstocks and variations)

Rootstocks Dry weight of roots (g)

Variants (according to % NaCl) | 779P | 140Ru | SO4 110R | 1103P
V1 (control) 7.3 4.9 10 5.7 6.9
V2 (1000 ppm) 5 3.7 7.9 4.7 4.5
V3 (2000 ppm) 4.5 3.2 7.3 3.8 4.2
V4 (3000 ppm) 3.7 3 6.3 3.3 3.1
V5 (4000 ppm) 3.4 2.7 5.2 2.7 3.2
V6 (5000 ppm) 3.2 2.6 4.9 2.6 2.8
Average 3.4 2.25 5.85 2.7 4,12

The results indicate that with the increase in salt concentration, vegetative growth and dry
weight of roots have been reduced.

The rootstocks ranking, starting from the condition with the highest weight to the condition
with the lowest dry weight of the root system, is as follows: SO4 with 5.85 g, 1103P with 4.12
g in second place, 779P with 3.4 g in third place, and 110R and 140Ru with weights of 2.7
and 2.25 g respectively in last place.

This shows that different rootstocks have different weights, which means that the type of
rootstock affects the dry weight of the root system and the tolerance towards sodium chloride
content in the soil.

Different rootstocks, maintained at the same salt concentration and technology levels, exhibit
different levels of dry weight and morphological, anatomical, and physiological modifications
of the root system.

 The influence of sodium chloride on the dry weight of leaves and shoots

The results obtained from weighing the dry matter of the above-ground system (shoots and
dried leaves) are reflected in the following table (Table 2).
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Table 2. Dry weight of leaves and shoots (according to rootstocks and variants)

Rootstocks Dry weight of leaves and shoots (g)

Variants (according to %

NaCl) 779P 140Ru | SO4 | 110R 1103P
V1 (control) 16.3 10.8 | 25.5 10 15.2
V2 (1000 ppm) 13.9 105| 213 9.8 12.2
V3 (2000 ppm) 12.7 89| 189 7.9 11.8
V4 (3000 ppm) 12.3 82| 16.9 6.9 10.6
V5 (4000 ppm) 11.6 75| 135 5.6 10.1
V6 (5000 ppm) 11.5 7.2 13 5.3 9.4
Average 13.5 8.8| 18.2 7.6 11.55

The results demonstrate that the increase in salt concentration has also influenced the
reduction of the dry weight of the aboveground system (leaves and shoots). In this case as
well, the degree of influence varies depending on the salt concentration and rootstock type.
The reduction in dry weight is caused by a decrease in the photosynthesis product, which is
negatively correlated with the increase in salt concentration (NaCl). This occurs because the
increase in salt concentration in the soil leads to an increase in Cl and Na content in the
leaves. Under such Rootstocks, substrates with high ability to absorb soil moisture exhibit
better turgor and higher tolerance and resistance to the increase in salt content in the soil or
nutrient substrate.

* Determination of the Tolerance Index value (TL, according to the substrates)

Based on the dry weight of the roots and shoots, the tolerance index value has been
calculated, and then the substrates have been ranked and compared based on the TI value.

The Tolerance Index (TI) enables the comparison and ranking of substrates based on their
tolerance to salt content. The higher the T1 value, the higher the tolerance of the substrates to
salinization.

The TI value is calculated using the formula: TT= 100 + Zn [X (Tyx/To) x 100

Initially, the values of Ty and the T,/T, ratio were calculated for each substrate and variant, as
shown in the following table (Table 3).

Please note that Ty is the value obtained from the ratio between the dry weight of the shoots
and the dry weight of the roots of plants treated with NaCl.

Table 3. Ty values, according to rootstock and variants.

Variants / Rootstocks T, values, according to variants and rootstocks
779P 140Ru SO4 110R 1103P
V1 (control) 2.24 2.21 2.55 1.76 2.22
V2 (1000 ppm) 2.78 2.84 2.7 2.09 2.72
V3 (2000 ppm) 2.83 2.79 2.59 2.05 2.81
V4 (3000 ppm) 3.33 2.74 2.69 2.02 3.42
V5 (4000 ppm) 3.42 2.7 2.6 2 3.16
V6 (5000 ppm) 3.6 2.8 2.66 2.04 3.36
Average 3.04 2.8 2.64 2 2.95

The results of the above table show that with an increase in salt concentration, the value of Ty
has increased, indicating that compared to the dry weight of shoots, the increase in salt
concentration has a greater effect on reducing the dry weight of plant roots.

Meanwhile, the calculated values of the ratio T,/To have been reflected in the following table
(Table 4).
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Table 4. Values of the ratio T,/To, according to the Rootstocks and variations.

Variants / Rootstocks T,/ Ty ratio values, by rootstocks
779P 140Ru SO4 110R 1103P

V1 (control) 1 1 1 1 1
V2 (1000 ppm) 1.25 1.29 1.06 1.19 2.23
V3 (2000 ppm) 1.27 1.27 1.02 1.17 2.27
V4 (3000 ppm) 1.49 1.24 1.06 1.15 1.54
V5 (4000 ppm) 1.53 1.23 1.02 1.14 1.43
V6 (5000 ppm) 1.61 1.27 1.05 1.16 1.52

The increase in salt concentration leads to an increase in the value of the T,/T, ratio. It is
evident that the variability of this ratio depends on the type of substrate. This occurs due to
the different biomorphological structures of substrates and their varying tolerance to high
sodium chloride content in the soil.

Based on the aforementioned indicators of dry matter weight and the calculated values of T
and the T,/Ty ratio, we calculate the value of TI (Tolerance Index) for each substrate. The
calculated values of Tl are presented in the following table (Table 5).

Table 5. Values of the Tolerance Index (T1) according to the rootstocks.
Rootstocks/Formula TI1 =100+ X" [X (T«/To) x 100] TI

779P Tl = 100 + [(0.2x1.25) + (0.3x1.27) + (0.4x1.49) + | 398
(0.5x1.53) + (0.6x1.61) x 100] = 100 + (2.98 x 100) =
100 + 298 = 398

140Ru Tl = 100 + [(0.2x1.29) + (0.3x1.27) + (0.4x1.24) + | 362
(0.5x1.23) + (0.6x1.27) x100] = 100 + (2.62 x 100) =
100 + 262 = 362

SO, Tl = 100 + [(0.2x1.06) + (0.3x1.02) + (0.4x1.06) + | 311
(0.5x1.02) + (0.6x1.05) x100] = 100 + (2.11 x 100) =
100 + 211 =311

110R Tl = 100 + [(0.2x1.19) + (0.3x1.17) + (0.4x1.15)
(0.5x1.14) + (0.6x1.16) x 100] = 100 + (2.32 x 100)
100 + 232 = 332

1103P TI = 100 + [(0.2x2.23) + (0.3x2.27) + (0.4x1.54)
(0.5x1.43) + (0.6x1.52) x 100] = 100 + (3.4 x 100) = 100
+ 340 = 440

+

332

+

440

The result shows that the value of TI varies depending on the condition.

Based on the calculated values, the ranking of rootstocks according to Tl value, starting from
the condition with the highest value and descending to the one with the lowest value, is as
follows: condition 1103P has 440, in second place is 779P with 398, in third place is 140Ru
with 362, in fourth place is 110R with 332, and with the lowest value, condition SO4 has
TI1=311.

Rootstocks with a high TI value are rootstocks with a high tolerance towards high soil salt
content.

Conclusions

The increase in salt concentration affects the reduction of vegetative growth and the reduction
of the dry weight of plant material, with a greater impact on the reduction of the dry weight of
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the root system. According to the TI value, the ranking of the rootstocks based on the highest
value to the lowest value is as follows: rootstock 1103P ranks first with 440, followed by
779P with 398, then 140Ru with 362, 110R with 332, and the lowest value is recorded by the
rootstock SO4 with TI=311. For evaluating the tolerance level of rootstocks to soil salt
content, the Ty value can also be used, which is the ratio of the dry weight of shoots to the dry
weight of roots of plants treated with the NaCl salt solution. In the conditions of Albania, for
cultivating vineyards in soils with high sodium chloride (NaCl) content, we recommend using
rootstocks 1103P, 779P, and 140Ru, while rootstocks SO4 and 110R should not be used.
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Abstract

Climate conditions for mint cultivation in Serbia are favourable, and there is an increasing
demand for medicinal and aromatic plants in the world, especially in European Union, United
States and Canada. However, it is estimated that the cultivation area of medicinal and
aromatic plants in Serbia decreased, from about 3500 ha at the end of the 20" century to
slightly above 2000 ha during the past two decades. In spite of that, the export of mint from
Serbia did not decrease, and during the five-year data (2015-2019), collected before the
pandemic, the average amount of exported mint was 469.8 metric tons with an average value
of 1.53 M USD. During the pandemic years (2020 — 2022), the average amount of exported
mint did not change, and it was 442.7 metric tons, but the average value of this export was
higher, reaching 1.77 M USD. The import of mint was considerably lower, the average
amount was only 31 metric tons during 2015-2019, with an average value of 0.27 M USD.
However, the import of mint increased considerably during the pandemic years, reaching
169.9 metric tons with a value of 0.79 M USD. For this reason, it is important to increase the
cultivation area under mint in Serbia and to conduct activities (e.g. to develop a network of
farms and collecting centres) that will revive mint production in Serbia.

Keywords: mint production, mint trade, medicinal plants market, aromatic plants.
Introduction

Mints are commercially important herbs, considered as the second most important essential
oil plants after Citrus species because of harvesting their essential oils, which are used widely
in perfumery, cosmetic and pharmaceutical industries. The most important and the most often
cultivated mint species is Mentha piperita L. It has wide adaptation ability in different climate
and soil conditions, however, temperate climates, including Serbia, are considered as more
suitable for high-quality plants (Daji¢ Stevanovi¢, 2011; Mihajlov et al., 2015; Mateji¢ et al.,
2020; Radovanovi¢ et al., 2023; Ili¢ et al., 2021; Amani Machiani et al., 2017). Hence, the
most important countries for the cultivation of this aromatic plant are Bulgaria, Italy, China
and the USA, which manufacture about 90% of the world's total peppermint essential oil
production (Telci et al., 2011). It is estimated that the cultivation area of medicinal and
aromatic plants in Serbia decreased, from about 3500 ha at the end of the 20™ century to
slightly above 2000 ha during the past two decades (Daji¢ Stevanovié¢, 2011; Radovanovié et
al., 2023) and it is important to estimate the situation on the global market before and after the
COVID-19 pandemic and to assess the possibility to increase mint sales on the global market.
The pandemic considerably influenced the agriculture sector worldwide, including the
production and selling of horticultural and medicinal plants (Markovi¢, 2022a,b; Mouratidou
et al., 2021; Lioutas and Charatsari, 2021). Also, Amani Machiani et al. (2017) stated that the
global demand for peppermint essential oil has increased during the years before the
pandemic. For this reason, the aim of this study is to determine how the pandemic influenced
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the export and import of mint in Serbia and to estimate current possibilities for the export of
mint in case of expanded production.

Material and Methods

In this research, the official statistical databases of Serbia were used for obtaining the data on
the export and import of mint given in tons and USD. These data were collected from the
databases of the Republic Bureau of Statistics (https://data.stat.gov.rs/?caller=SDDB), for the
period 2015-2022. The trend analysis was used to calculate trends for the years 2020, 2021
and 2022 in order to determine the expected changes in export and import based on five years
data (2015-2019) collected before the pandemic and to compare obtained data with real data
collected for the pandemic years 2020, 2021 and 2022. Microsoft Excel 2007 was used for
trend analysis. Also, in order to obtain more accurate data, the mint trade in Serbia during the
pandemic years (2020, 2021. 2022) was compared to the average data for the five-year period
before the pandemic (2015-2019).
Results and Discussion

The data for the export and import of mint for the market with the largest share in the export
or import in Serbia (European Union) and the global world market (total export and import),
are presented in Tables 1 and 2. The export of mint was increasing during past years, and
during the pandemic years 2020 and 2021, it was higher than the average export for a five-
year period (2015-2019) and also higher than estimated by trend analysis (Table 1). However,
in 2022, the amount of export dropped slightly compared to previous years, and it was 15.9%
lower than it was estimated by trend analysis. Despite that, the price of export increased by
24.9% than was estimated by trend analysis. The price of exported mint was 3430 USD/ton in
2020 and it increased by 27.5% to 4736 USD/ton in 2022. The main market for export also
changed; in 2015 and 2016, the main export market was in the EU with more than 80% of
total export (Table 1). However, the amount of mint exported to the EU decreased to 73-76%
during 2017-2019, and it was below 70% in the period 2020-2022. This tendency was
noticeable in the years before the pandemic, so we cannot conclude that the pandemic caused
changes in main export markets.

Table 1 Export of mint from Serbia during 2015-2022.
**EU share in

European

] total trade | World World
union
Year (%)
t usb* |t usD* |t usb* |t UsD*

2015 3314 |928.1 |802 |67.0 |413.4 |1386.1
2016 478 | 13658 |854 |760 |559.6 |1797.9 _

2017 2896 | 8236 |759 |63.1 |3818 |1306.2 E;;gga;ﬁd values
2018 4318 [13111 |738 [731 |5847 | 17946 | 5012 2019 data
2019 3025 |879.2 |738 |639 |409.7 |1375.7
2015-19* | 366.7 | 1061.6 | 78.1 |69.3 |469.8 |1532.1
2020 3342 | 9895 |669 |57.7 |499.6 |17138 |4751 | 15249
2021 306.3 | 1083.8 | 69.6 |61.3 |4404 |1769.2 | 4399 | 1416.9

2022 256.0 | 987.0 66.2 53.9 386.8 | 1832.0 | 460.2 1469.1
*Note: The value is given in thousands of USD; 2015-19 presents the average value for the five-year
period.
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**Percentage of export to EU compared to total export.

Table 2. Import of mint to Serbia during 2015-2022.

European Union World World
vear t USD* t usD* |t USD*
2015 77 1126 37.6 253.8
2016 114 1111 242 223.7 etimated |
2017 4.9 108.8 205 228 b:;ggagﬁ values
2018 25.7 233 32.4 284 2015.2019 data
2019 36.8 316.1 40.3 354.7
2015-19* | 17.3 176.3 31.0 268.8
2020 39.2 362.5 54.4 393.6 35.1 3475
2021 615 499.4 132.7 614 42.9 399.8
2022 57.1 612.2 169.9 7955 485 444.9

*Note: The value is given in thousands of USD; 2015-19 presents the average value for the five-year
period.

The amount of imported mint was lower than exported, but it is still high (Table 2). However,
the price of imported mint (USD/ton) dropped significantly after the pandemic, because it
ranged from 6750 USD/ton (2015) to even 11121 USD/ton (2017) before the pandemic, and it
dropped to 4626 USD/ton in 2021 and 4682 USD/ton in 2022.

Although market changes can be connected with many variables and caused by many other
factors, it is evident that there is a rising demand for mint, both on the global and local
markets and that mint production in Serbia should be expanded. Besides the fact that the
largest producers and exporters of peppermint on the global market are India, Japan, the USA,
and Great Britain followed by Russia, Italy, Germany, Bulgaria, Slovakia, Norway and
Poland (Mastowski et al. 2021; Ststrikova, Salamon, 2011; Benzaid et al. 2010; Verma et al.
2010; Yilmaz, Telci, 2022), in Serbia, there are favourable conditions for successful mint
production (Daji¢ Stevanovié, 2011). The development of efficient crop production
technology and increasing areas under mint productio in Serbia would also enable the
development of the rural area in Serbia and the possibility to create new jobs for the local
community. Besides, it is important to improve mint production technology, adapted to
environmental conditions in Serbia, to make mint production simple, easy and economically
justified with the aim to produce high-quality plants.

Conclusions

Although the Covid-19 pandemic considerably influenced the agriculture sector worldwide,
including the production, distribution and trade of edible, medicinal and ornamental plants, it
did not influence the market of mint in Serbia. However, the demand for mint is increasing
worldwide and mint production has great potential in Serbia due to favourable environmental
conditions. According to this, it is important to work on improving production technology
suitable for successfully growing high-quality mints in Serbia, as well as to increase the
cultivation area under mint in Serbia and to conduct activities including developing a network
of farms and collecting centres, which will revive mint production in Serbia.
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Abstract

The olive is one of the most valuable fruit trees in Mediterranean basin. It is grown under both
rainfed and irrigated conditions, and can withstand high air temperatures during the summer
months. As climate changes and summers are getting hotter in Mediterranean countries where
the olive tree thrives, it is of outmost importance to find ways to alleviate the heat and drought
induced stress. In the present trial, three alleviating products were tested, i.e., the osmolyte
glycine betaine, the reflectants kaolin clay particles and talc. Products were foliarly applied
either once (in July) or twice (July and again August) in ‘Megaritiki” olive cultivar, grown
under rainfed conditions. The photosynthetic activity of the trees measured in August (10
days after the foliar application) was higher in trees treated with kaolin in July, while there
was not any significant difference concerning the SPAD index measured. The talc application
in July and the kaolin application in July and August resulted in the highest yield while the
talc application was the one with the highest olive oil production per tree. Olive oil quality
indexes (acidity, peroxide number, UV absorbance indexes) did not differ among treatments,
while all indexes were within the range for the characterization of the olive produced as Extra
Virgin olive oil (EVOO). The talc application resulted, also, in high total phenol
concentration and antioxidant capacity of the oil produced, exhibiting a significant alleviating
action.

Keywords: Kaolin, Talc, Acidity, Peroxide Values, Total Phenolics.
Introduction

Olive (Olea europaea L.) is one of the most important tree crops in arid and semi-arid regions
(Khaleghi et al., 2015; Mahzoon et al., 2020), where high temperatures and water scarcity
prevail (Khaleghi et al., 2015). Olive cultivation occupies about 90% of the Mediterranean
basin, mainly in Spain, Italy and Greece (Ashraf et al., 2021; Cabezas et al., 2021), at
latitudes between 30° and 45° (Khaleghi et al., 2015), representing 95% of global olive
cultivation (Cabezas et al., 2021). The cultivation of olive trees and the quality of the products
produced (table olives and olive oil) are directly influenced by environmental conditions and
could be negatively affected by prolonged exposure to high temperatures (heat stress) and
water scarcity (Khaleghi et al., 2015). These conditions are aggravated by the impact of
climate change on Mediterranean olive groves, which significantly affects production and
irrigation requirements (Cabezas et al., 2021). Under these conditions, it is necessary to use
methods and products to alleviate the stresses intensified by climate change and preserve olive
productivity and product quality (Khaleghi et al., 2015).

Foliar application of solar radiation-reflecting agents, such as talc and kaolin clay particles,
helps to alleviate heat stress (Khaleghi et al., 2015; Mahzoon et al., 2020), as it increases leaf
reflectance, reduces transpiration rate and leaf temperature and increases photosynthetic
activity (Khaleghi et al., 2015), resulting in improved product quality and oil content. Their
application is therefore recommended in arid olive groves (Mahzoon et al., 2020). Glycine
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betaine (GB) is a quaternary ammonium compound (Ashraf and Foolad, 2007) that maintains
membrane integrity during abiotic stresses (Sakamoto and Murata, 2002), resulting in
increased plant tolerance (Sakamoto and Murata, 2002; Ashraf and Foolad, 2007; Annunziata
et al., 2019). In a large variety of plant species, natural GB accumulation is not sufficient, thus
exogenous application is required for the plant to adequately respond to stress (Ashraf and
Foolad, 2007; Annunziata et al., 2019).

The objective of the present research was to investigate the effectiveness of three commercial
formulations in alleviating these stresses, with the aim of producing high quality olive oil in
rainfed olive groves.

Material and Methods

For the present experiment, a rainfed olive grove was selected in the Ypsilantis region of
Viotia county, central Greece. A total of 28 adult, full producing trees of similar growth, of
the Megaritiki cultivar were used. The treatments consisted of either a sole spray application
(tunk mix with water) in July or two applications, in July and again in August on different
trees with the following registered phytosanitary products: kaolin clay particles (Surround
WP, at the dose rate of 3kg/hl), talc (Invelop WP, at 3kg/hl) and glycine betaine (Bluestim
WP, at 500g/hl), while trees sprayed with water served as control. Measurements of
photosynthetic activity and leaf chlorophyll index were taken during the summer months
approximately 15-20 days after the spray applications. Harvesting was carried out separately
for each olive tree and a sample of approximately 1.5 kg was transferred to the Agricultural
University of Athens for oil extraction using a semi-industrial oil mill of the Abencor type
(cold malaxation - 27-28°C for 45 minutes) (Figure 1).

Figures 1. From left to right: crusher, malaxer and centrifuge.

Yield, oil content and olive oil production were determined for each treatment. Acidity (g
oleic acid 100 g™ olive oil), UV absorption indices (K232 and K270), peroxide number (meq.
active O, kg™ olive oil), total phenolic compounds (mg gallic acid equivalents kg™ olive oil),
total o-diphenols (mg caffeic acid equivalents kg™ olive oil), and antioxidant capacity by two
methods (DPPH and FRAP) (umol Trolox equivalents kg™ olive oil) were determined in olive
oil.

The experiment followed a completely randomized design. Significant differences between
the treatments were determined using the Tukey’s HSD test at a significance level of a=0.05.
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Results and Discussion

Trees treated with glycine betaine and kaolin clay particles exhibited better values of
photosynthetic activity parameters during the first measurement in July (Table 1). The results
are in agreement with an experiment carried out by Denaxa et al. (2012) on two-year-old
olive trees cv Chondrolia Chalkidikis, under two irrigation levels (full irrigation and drought).
A higher rate of photosynthesis in August was observed in olive trees where kaolin clay
particles were applied in August (Table 2), while the highest fruit and olive oil production per
tree was determined when talc was applied in July, followed by kaolin (Table 3). Increased
production after kaolin application in July in grapevines has been also recorded (Correia et
al., 2014).

All olive oils from all treatments had the characteristics of extra virgin olive oil (EVOO) in
accordance with Commission Regulation (EEC) No 2568/91, as amended by Commission
Regulation (EU) No 2016/1784 of 30 September 2016. The highest concentration of total
phenolics was found in the olive oils obtained from the application of talc, as well in those
produced from trees applied with kaolin (Table 5). Similarly, Saour and Makee (2003) report
that olive trees sprayed with kaolin exhibited enhanced photosynthesis which resulted in
increased synthesis of natural antioxidants (polyphenols) in the olive fruits. Higher
concentrations of total o-diphenols were found in olive oils from trees that had been treated
with glycine betaine in July (Table 5). Olive oils obtained from talc applications showed the
highest antioxidant capacity by both methods (Table 5).

Table 1. Effect of the treatments on the parameters of the photosynthetic activity of the leaves
during the first measurement (July).

A gs Ci E
Treatments (umol/m?s) | (mol/m?s) | (umol/mol) | (mmol/m?s) SPAD
Control 3.61b 0.055 b 228 a 0.55a 744 a
Glycine betaine 590a 0.152a 272 a 0.64 a 70.2a
Kaolin 5.61a 0.081 ab 221 a 0.60 a 70.8 a
Talc 3.83b 0.084 ab 285 a 0.62 a 77.2a

Means within the same column followed by the same letter are not significantly different according to Tukey's
multiple means test at a significance level of 0=0.05.

Table 2. Effect of the treatments on the parameters of the photosynthetic activity of the leaves
during the second measurement (August).

) ) Ci E
Treatments | A (umol/m?s) | gs (mol/m?s) (umol/mol) (mmol/m?s) SPAD
Control 3.18b 0.096 a 263 a 0.59 a 69.2 a
July application

Glycine 3.06 b 0.095 a 284 a 058a 704 a
betaine

Kaolin 3.20b 0.072 a 288 a 0.61a 713 a

Talc 3.09b 0.080 a 288 a 0.58 a 715a

July and August applications

Glycine 3.20b 0.072a 288 a 061a 713a
betaine

Kaolin 3.61b 0.081 a 221 a 0.58 a 68.8 a

Talc 3.77 ab 0.083 a 292 a 0.58 a 72.1a

Means within the same column followed by the same letter are not significantly different according to Tukey's
multiple means test at a significance level of a=0.05.

Table 3. Effect of treatments on production parameters (July-August).
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. : 0 Olive oil
Treatments Yield (kg/tree) Oil content (%) oroduction/tree (kg)
Control 142 ¢ 30.64 a 4.38¢c
July application

Glycine betaine 22.8 abc 29.49 a 6.51 abc
Kaolin 19.5 abc 30.64 a 6.0 cb
Talc 279 a 32.07a 8.73a

July and August applications

Glycine betaine 18.6 bc 29.21a 5.73 cb

Kaolin 23.7 ab 28.92 a 6.76 abc
Talc 23.1 abc 31.38 a 7.29 ab

Means within the same column followed by the same letter are not significantly different according to Tukey's
multiple means test at a significance level of 0=0.05.

Table 4. Effect of treatments on the quality characteristics of olive oil (July-August).

Acidity Peroxide
(g oleic number
Treatments acid/100g K232 K270 AK (meq. active
0.0.) 0O, /kg O0.0.)
Control 0.33a 1.08 a 0.07 a -0.02a 1.00a
July application
Glycine 0.31a 1.02a 0.06 a -0.03a 1.00 a
betaine
Kaolin 0.31la 1.13a 0.07 a -0.03 a 1.00 a
Talc 0.32a 154 a 0.11a 0.02 a 1.12 ab
July and August applications
Glycine 0.31a 124 a 0.08a -0.01a 1.00 a
betaine
Kaolin 0.33a 1.08 a 0.07 a -0.03a 1.00 a
Talc 0.31a 1.46 a 0.09a -0.01a 1.37b

Means within the same column followed by the same letter are not significantly different according to Tukey's
multiple means test at a significance level of 0=0.05.

Table 5. Effect of treatments on total phenolics, total o-diphenols content and on antioxidant
capacity of olive oil according to the DPPH and FRAP methods (July-August).

Total phenolics | TO® DPPH FRAP
Treatments (g gallic acid ( CafF]leiC acid (umol Trolox/kg | (umol Trolox/kg
equiv./kg 0.0.) | ‘96 0.0) 0.0)
equiv./kg 0.0.)
Control 300.0 abc 22b 910 abc 840 abc
July application
Glycine betaine 183.3 bc 60 a 460 e 430 ¢
Kaolin 286.7 abc 33b 860 bcd 850 abc
Talc 356.7 a 31b 1190 a 1250 a
July and August applications

Glycine betaine 150.1¢c 40 ab 580 de 410 c
Kaolin 286.7 abc 32b 610 cde 570 bc
Talc 343.3ab 39 ab 960 ab 1030 ab

Means within the same column followed by the same letter are not significantly different according to Tukey's
multiple means test at a significance level of 0=0.05.

49




Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Conclusion

In conclusion, taking into account both the physiological parameters of the leaves and the
level and the production parameters assessed in the present trial, it is safe to say that the
application of the stress-alleviating products was successful in reducing the level of stress
during the summer months (photosynthetic capacity 3,77 umol/m?s under talc treatment
against 3.18 umol/m?2s). Among the products tested, both kaolin and talc proved to be equally
effective in alleviating the effects of high temperatures and high solar radiation intensity, as
they were the ones that led to an increase in production (23.7 kg/tree with kaolin and 27.9
kg/tree with talc against 14.2 kg/tree under control conditions) and an improvement in the
quantity, quality and functional properties of the olive oil.
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Abstract

The production of lettuce is very profitable due to the short vegetation period and the
possibilities of its cultivation throughout the year. On average, the salad contains 94% water,
2% sugar, 0.6% crude cellulose, 0.6% mineral matter and 1.2% crude protein. It is rich in
vitamins C, B; and B,, and many mineral elements. Great influence on the quantitative and
qualitative properties of lettuce in addition to the variety and production conditions has a
proper diet. The application of mineral fertilizers results in high yields, but their inadequate
application can cause various problems such are: decrease in dry matter content, deterioration
of salad quality, increase in soil acidity, degeneration of physical properties, increase in
erosion and instability in land aggregates. In order to reduce the use of chemicals and increase
the yield in the same time, the improvement of plant production is moving in the direction of
introducing biofertilizers. In recent years there has been a trend of decreasing the usage of
mineral nutrients, primarily nitrogen, phosphorus and potassium (Haytova, 2013), in which
bio stimulators play a significant role. Therefore, the goal was to determine the impact of
biofertilizers on the yield and quality of lettuce and to investigate the possibility of
streamlining the crop by using biostimulators in lettuce nutrition. The two-factor experiment
was set on a private plot in district Vranjes, East Sarajevo by using the randomized block in 3
replications. The highest yield of lettuce was obtained in the variant with the application of
the biofertilizer Bioplant flora (630.50 g — please state the unit), whereas the lowest was
recorded in the control variant of fertilization (468.00 g). The highest percentage of dry matter
was noted in the third variant of fertilization (Bioplant flora) in the variety Majska kraljica
(6.45%), whilst the lowest percentage was reached in the control variant of the same variety
(4.14%).

Keywords: lettuce, biofertilizer, yield, quality.
Introduction

Lettuce is rich in vitamins E, By, By, B3 and Bg, folic acid, vitamin C and minerals such as
sodium, potassium, magnesium, calcium, phosphorus and iron, which is why it is very
beneficial to health. Some of the advantages of lettuce regarding its healthful properties: it has
an anti-inflammatory effect, reduces cholesterol, improves sleep, acts as an antioxidant, is
beneficial for heart health and has an anti-cancer effect (Ergovi¢, 2019). The biological
characteristics of lettuce and its specific growth and development are the basis for
determining an optimal production method. To achieve appropriate high vyields, it is
supplemented with different fertilizers, which are of great importance during the growth and
development of lettuce and also affect its qualitative characteristics. Applying different
fertilizer systems, organic and mineral, high yields of good quality can be achieved in
greenhouse vegetable production (Bogdanovi¢ et al., 2011; Bogdanovic et al., 2012).
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However, improper mineral fertilization, especially in winter when plants do not get enough
light, creates ideal conditions that lead to the accumulation of significant amounts of nitrates,
especially in leafy vegetables. Negative consequences of using mineral fertilizers lead to the
leaching of nitrates into groundwater, toxic effect of heavy metals and harmful organic
substances, and the appearance of weeds. In this context, the following sections of the paper
will explain the role and importance of biofertilizers and how their proper application affects
the growth and yield of various vegetable crops, especially leafy vegetables (Bogdanovic,
2014).

Materials and methods

In order to test different types fertilization on the yield and quality of two varieties of lettuce,
the study was conducted in 2022 in an open field in Vranjes, in the area of the city of East
Sarajevo (Entity of Republic of Srpska, Bosnia and Herzegovina). The two-factor experiment
was set by using the randomized block in 3 replications.

The size of the experimental plot was 2m? (1m x 2m). The total area of the experimental field
was 36 m>. The distance between the plants was 0.30m, and the distance between the rows
was 0.20m. A total of 600 plants per/36m?® The manual irrigation was applied in the trial
field. The basic characteristic of the land on which the experiment was set up were: 5.52 pH
(in KCI); <1% CaCOs3; 5.56% humus; 0.17 % total nitrogen; 3.40 P,Os mg/100g; 29.84 K,0O
mg/100g.

This experiment included three fertilization variants (factor A) and two lettuce varieties
(factor B). The tested factor (A) included the following variants: a; - control variant, a, -
Slavol and a; - Bioplant flora. Within the second factor studied (B), two varieties were
analyzed: b; - Majska kraljica, and b, - Ljubljanska ledenka. The average yield per sample
was determined based on the average mass of the aerial part of the plant and the number of
plants on the sample plot.

Among the hemic properties, the following were analyzed: the content of dry matter (%), and
the vitamin C content in the leaf (mg 100g™). Dry matter content was determined by the
difference between the initial weight of the sample and the weight after drying. The drying of
the plant material was carried out in a drying oven at 105°C to a constant mass. Vitamin C
(mg 100g™) was determined by the titration method.

The obtained results were processed by the variance analysis method for a two-factor
experiment (ANOVA). The significance of differences between individual environments was
tested by LSD test.

Results and discussion
Total yield
According to Lazi¢ at al (2001) yield of lettuce is different and can go from 1.5 to 4 (kg m)

depending on variety and time of production. The average green lettuce yield in our research
is 5.6 (kg m™).
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Table 1. Total yield (kg m?)

Fertilization Variety Average for
Majska kraljica Ljubljanska ledenka fertilization
(by) (b2)

Control variant (a,) 4.39 4.96 4.68
Slavol (a,) 5.76 6.31 6.04
Bioplant flora (a;) 5.70 6.91 6.30
Average for variety 5.28 6.06 5.67
LSD A B AxB
5% 1.56 1.28 2.21
1% 2.23 1.82 3.15

Regarding the use of biofertilizer, the highest yield was achieved on the a;z variant (6.309) ,
which is statistically higher in comparison to the control variant a; (4.68g). Differences in
yield between variant a; and az were not statistically significant. Team of authors concludes
that the use of microbial fertilizer stimulates the growth of the stem at an average of 29%
compared to control variant (Boskovi¢ 2010; Govedarica et al., 1998; Puki¢ et al., 2007,
Geci¢ et al., 2007). This effect of microbial fertilizer can be explained by the ability of
nitrogen fixation to produce certain physiologically active substances such as auxin,
gibberellin, cytokinin and vitamin. They stimulate the aerobic respiration of the plant cells, i.e
activitiy of many enzymes, process of photosynthesis, water and mineral absorption.
Differences between varieties in obtained yields were not statistically significant, which is
parallel to the results of Kulina (2019).

Vitamin C content
Vitamin C is an important factor in human nutrition. This vitamin takes part in numerous
biological processes and is the strongest antioxidant among the vitamins.

Table 2. Vitamin C content (mg 100g™)

Fertilization Variety Average for
Majska kraljica Ljubljanska ledenka fertilization
(ba) (b2)

Control variant (a;) 8.53 10.66 9.59
Slavol (a,) 10.66 8.10 9.38
Bioplant flora (as) 12.37 10.66 1151
Average for variety 10.52 9.80 10.16
LSD A B AxB
5% 1.89 1.53 2.67
1% 2.69 2.18 3.80

Regarding the use of biostimulators, the highest content of the mentioned vitamin was
recorded in variant a; (11.51mg 100g™), which is statistically higher than variants a;(9.59mg
100g™) and a, (9.38mg 100g™). By analyzing the interaction, it was determined that the
variety b1 on the variant a; (12.37mg 100g™) had a statistically significantly higher content of
the given vitamin compared to the other examined variety from the fertilization variant a,
(8.10mg 100g™).
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Dry matter content (%)

The content of dry matter in lettuce ranged from 4.14 to 6.45%. The highest percentage of dry
matter content was recorded in the third variant of fertilizer (Bioplant flora) in the Majska
kraljica variety - 6.45%, while the lowest percentage was achieved in the control variant of
fertilization in the same variety

Table 3. Dry matter content (%)

Fertilization Variety Average for
Majska kraljica Ljubljanska ledenka fertilization
(by) (b2)

Control variant (a;) 4.14 4.54 4.34
Slavol (a,) 4.92 4.95 4.93
Bioplant flora (a;) 6.45 5.23 5.84
Average for variety 5.17 4.90 5.03
LSD A B AxB
5% 0.28 0.22 0.37
1% 0.39 0.31 0.53

From the analysis of the variance (table 3) we can establish that on the third fertilizer variant
ag there is statistically significantly higher percentage of dry matter content (5.84%) in
comparison to the a, (4.93%) and controll (a;) fertilizer variant (4.34%). The results of these
researches show that the percentage of dry matter content in lettuce is associated directly with
the fertilization. Cabilovski et al (2010) have shown similar results. Likewise, Paradikovié et
al (2009) conclude that the percentage of dry matter content of marigold (Tagetes sp.), which
belongs to the same family as lettuce, was under a significant influence of biofertilizer.

Conclusion

Based on the results of the research "Influence of biofertilizers on yield and quality of lettuce
produced in the open field", it can be concluded that the yield achieved during the research
was at a satisfactory level. The lowest yield was in the control variant of fertilization, and the
highest in the variant Bioplant Flora. The differences between the achieved yield within the
varieties were not statistically significant. The use of biofertilizers had a positive effect on the
content of vitamin C. The maximum content of vitamin C was recorded in the variant
Bioplant Flora. Application of biofertilizer had a positive effect on the total dry matter content
of lettuce plants compared to the control treatment. The highest content of dry matter was
recorded on the variant fertilized with Bioplant flora.
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Abstract

The trial was set in a greenhouse in the area of Capljina (BiH) with the aim of determining the
development of pepper transplants. Two research factors of were studied, the term of putting
the containers on nutrient solution (immediately after sowing, after previous germination and
in the stage of cotyledons) and substrate volume of individual seeding place (27, 37, 47 ml).
Percentage of well-developed transplants was analyzed as well as morphological
characteristics: transplant height (cm), diameter of transplant (mm) and number of leaves. The
highest percentage of well-developed transplants (97.3%) was obtained in the containers
placed on nutrient solution when transplants had developed cotyledon leaves. The term of
putting the containers on nutrient solution showed a highly significant effect on transplant
height (8.02 cm), diameter of transplant (2.72 mm) and the number of leaves (6.00). The
substrate volume of a seeding place showed a highly significant effect on transplant height
(7.05) and the number of leaves (5.00). Interaction of factors had a highly significant effect on
the transplants height. The maximum height of the transplants (9.12 cm) was determined by
placing the container on the nutrient solution when transplants had developed cotyledon
leaves on substrate of 37 ml volume and highly significantly differed from others, with the
exception of the same term of putting the containers on nutrient solution and 47 ml volume
(8.90 cm), from which it did not significantly differ. The obtained results showed that the
floating system technology is an alternative for the production of high-quality pepper
transplants on family farms.

Keywords: transplants, pepper, floating containers, nutrient solution.
Introduction

Although they are considered the best quality, transplants from containers produced in
specialized centres are price unacceptable for producers who grow vegetables on the open
field. In addition to the standard container method, vegetable transplants can also be grown in
floating containers on a nutrient solution. The floating hydroponic system (Floating System,
Floating Hydroponic) is the simplest form of hydroponic production (Hani¢, 2011). Float
system is a less-intensive and low-cost technology that enables efficient control of the
nutrition of the growing plants (Kantas, 2020). Although it was originally intended for the
production of tobacco transplants, Ross and Teffeau (1995) consider this technology suitable
for the cultivation of vegetable, flower and ornamental plant transplants and it is gradually
being adapted and introduced as a new way of growing vegetable transplants such as tomato
and pepper (Wyatt, 1998; Verdial et al., 1998; Verdial et al., 1999) and leaf vegetables (Jakse
and Kacjan-Marsi¢, 2010). Tursi¢ (2008) reported on the advantages of pepper transplants
production using a new method on family farms. This simple method of hydroponic
production is especially acceptable for smaller production of vegetable transplants for own
production needs (Matotan, 2008). In the classic floating system, containers float on a nutrient
solution that contains all the necessary nutrients in an easily accessible form and in an optimal
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ratio, which ensures a continuous supply of the plant during its growth. At the same time, the
conditions for the development of the disease are less favourable because the above-ground
part is not irrigated, and the leaves remain dry (Rideout, 2004). The great advantage of
floating hydroponics is safety due to the reduced risk of root damage and plant death, because
the root system is in direct contact with a large amount of nutrient solution, and due to the
rational use of water and nutrients, it contributes to the preservation of the environment (Toth,
2015). There is no loss of water through evaporation and percolation, which is particularly
important nowadays when awareness of the importance of water and environmental protection
has grown. This system produces transplants faster than classic growing technology in
containers, and according to Matotan et al. (2007) for the same planned planting period can
start one week later. It is possible to produce a larger number of transplants of the same
quality on the same surface than with the classic technology of growing in containers (Sefo et
al., 2008). In general, it is very important for transplants producers to correctly select
substrate volume of individual seeding place in the container so that the plants are not
exposed to morphological and thus physiological changes. This has been pointed out by
numerous authors (NeSmith and Duval, 1998; Xu and Kafkafi, 2001; Filkovi¢ et al., 2009;
Loncari¢ et al. 2009; Bjeli¢ et al., 2010; Govedarica-Luci¢ et al., 2016). It is important to
choose the appropriate size of the individual seeding place in the container because there is a
direct relationship with the development of the transplants (Leskovar, 2001). Furthermore,
water quality management is an important part of successful transplants production (Smith et
al., 2010) emphasizing the influence of pH and EC values of the nutrient solution (Barbaro et
al., 2011). The composition of the nutrient solution is an important aspect affecting the
success of float system (Kantas, 2020). Despite the advantages, this way of growing pepper
transplants in the researched area is not widespread, and the trial was set up to point out the
importance and provide guidelines for the introduction of cheaper production technology.

Material and Methods

In order to establish the possibility of producing pepper transplants in floating containers on
nutrient solution using a technology adapted to family farms in unheated greenhouses in
Nerezi near Capljina (BiH) during 2018. on cv. Istra F1, a two-factor trial was set according
to the method of completely randomized design (CRD). The factor, term of putting the
containers on nutrient solution (A) was observed through three levels: 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 levels: 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). Fifteen containers of each variant were
sown, which is a total of 45 containers. The seeded containers occupied an area of 8 m? in a
pool with a total area of 22.5 m? and a volume of water of 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 aimed to keep the EC value (electrical conductivity) 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-
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developed transplants suitable for replanting was also established. The research data obtained
for growth parameters of the transplants grown on nutrient solution were statistically
evaluated 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 20.

Results and Discussion

The research found for each variant a high percentage of well-developed pepper seedlings
suitable for transplanting, which is extremely important for reducing production costs. The
highest percentage of well-developed transplants suitable for replanting, 97.3%, was obtained
in the containers placed on nutrient solution when transplants had developed cotyledon leaves,
while the lowest percentage, 91.2%, was in the containers placed immediately after sowing
(Table 1). Leskovar (2001) reported an increase in germination by 5 to 10% in containers that
were previously in the germination chamber, as well as in this study. Therefore, the conditions
of constant moisture in the floating system enabled normal seed germination and the
achievement of high percentages of normally developed transplants, thus achieving one of the
preconditions for successful production.

Table 1. The percentage of well-developed pepper transplants on nutrient solution

Seeding place substrate | Term of putting the containers on nutrient solution, A

volume, B (ml) After sowing After germination | In cotyledon stage
Bl 97.7 96.7 97.8

B2 82.0 94.5 98.1

B3 94.0 93.2 96.1

Average 91.2 94.8 97.3

Height, stalk diameter, number of leaves are important parameters for determining the quality
of the transplant's vegetative growth. The term of putting the containers on nutrient solution
showed a highly significant effect on all the analysed properties of pepper transplants while
the substrate volume of a seeding place showed a highly significant effect on transplant height
and the number of leaves (Table 2).
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Table 2. Influence of individual factors on measured properties of pepper transplants

Term of putting the containers | Transplant height | Stalk diameter Number of
on nutrient solution, A (cm) (mm) leaves

Al 4.60 c 2.26 b 4.30c

A2 6.53 b 2.52 ab 4.97b

A3 8.02a 2.72 a 5.63a

LSD p=s06 0.35 0.22 0.27

LSD p=1% 0.47 0.30 0.36

Seeding place substrate | Transplant height | Stalk diameter Number of
volume, B (ml) (cm) (mm) leaves

Bl 5.26b 241 a 4.80b

B2 6.84 a 2.53a 520 a

B3 7.05a 2.55a 4.90 ab

LSD p=s% 0.35 n.s. 0.27

LSD p=1% 0.47 n.s. 0.36

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
solution immediately after sowing were lowest. This order of values obtained was expected
due to more favourable conditions during germination and initial growth before placing the
containers of individual variants on the nutrient solution where the young plants continued to
grow. The highest were the transplants on the largest substrate volume (47 ml) and it is
significantly different from the variant on the smallest substrate volume (23 ml), of which the
transplants obtained on medium substrate volume of individual seeding place (37 ml) are also
significantly higher. NeSmith and Duval (1998) reported that the limitation of root growth in
containers of smaller size of individual seeding place is the reason for the weaker growth of
pepper seedlings. Also Filkovi¢ et al. (2009) obtained significantly the highest of pepper
seedlings in containers with the largest volume of substrate (40 cm®) i.e. with the smallest
number of sowing places. The only factor that showed a significant influence on the diameter
of the pepper stem was the time of putting the containers on the nutrient solution and pepper
transplants in the containers placed on nutrient solution in cotyledon stage had the largest
diameter. Although the differences were not significant, the largest diameter had the
transplants grown on the largest volume of substrate (47 ml), i.e. in pots with the smallest
number of sowing places. The significantly largest number of leaves was in the containers
placed on nutrient solution when the transplants were in the cotyledon stage. Pepper
transplants grown on the medium substrate volume of individual seeding place had the
highest number of leaves, which is significantly more compared to the smallest volume
substrate, but it is at the same level of significance as the variant of the largest volume of the
substrate. Likewise, Filkovi¢ et al. (2009); Rotim (2012) reported an increase in the number
of leaves in pepper seedlings in containers with the largest volume of substrate compared to
containers with a larger number of smaller seeding places.

The interaction of term of putting the containers on nutrient solution and substrate volume of
individual seeding place had a highly significant effect only on the property transplant height
(Table 3).
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Table 3. Influence of interaction of individual factors on measured properties of pepper
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 423 |4.03 |554 (220 [236 |223 |4.00 |4.90 |4.00
A2 550 | 7.37 |6.72 | 243 |256 |257 [4.80 |[510 |5.00
A3 6.05 | 9.12 | 8.90 | 2.61 |2.68 |2.86 560 |[5.60 |5.70
LSD p=5% 0.62 n.s. n.s.
LSD p=1% 0.82 n.s. n.s.

The maximum transplant height, 9.12 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 largest seeding place substrate volume, 8.90 cm, from which it did not
significantly differ. Although the interactions were not significant, the highest values for the
properties stalk diameter, 2.86 mm, and number of leaves, 5.70 (6.00), were in the containers
placed on the nutrient solution when the seedlings developed cotyledon leaves on the largest
substrate volume of individual seeding place. The obtained results are explained by the better
conditions for root growth, and thus the initial growth and development of young plants in
containers on a nutrient solution. Similar results were reported for the quality of tomato
seedlings on nutrient solution (Sefo et al., 2018).
Conclusions

The percentage of well-developed transplants and the analysed growth parameters can be
successfully used to show the quality of pepper transplants grown on the nutrient solution.
The highest percentage of well-developed pepper transplants was in containers placed on
nutrient solution with plants in cotyledon stage. A continuous increase in the values of the
analysed growth parameters was determined by gradually placing the containers of different
variant on the nutrient solution, and significantly higher values were also obtained by placing
the containers when the plants were in the cotyledon stage. Furthermore, transplant height
(cm), diameter of transplant (mm) and number of leaves grew almost uniformly with
increasing substrate volume, and transplants with the best characteristics were grown in
containers with the largest substrate volume of individual seeding place (47 ml), i.e. in
containers with the smallest number of sowing sites (84). The results indicate the importance
of this simple, less intensive hydroponic technique, as a satisfactory alternative to the classic
container production of pepper transplants, whose development and application in the
researched area will stimulate the commercial production of quality transplants on family
farms.
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Abstract

Important components of pea yield area: the number of pods per plant, formed seeds within a
pod, and the mass of one thousand seeds. The main goal of this research was to determine the
variations of the most important productive traits of spring forage pea varieties of different
origins under different production conditions. The field experiments were cultivated in 2016
(Y1) and 2017 (Y2) at two localities: in the vicinity of Banja Luka (L1) (experimental field of
the Agricultural Institute of the Republic of Srpska) and in the vicinity of East Sarajevo (L2)
(experimental field of the Faculty of Agriculture in East Sarajevo). For sowing, inoculated
seed of five spring fodder pea varieties were used: NS Javor (G1), Baccara (G2), NS Dukat
(G3), NS Junior (G4) and Sasa (G5). Research was conducted to determine the influence of
variety, location, and year on the number of pods per plant (NPP), pod length (LP), number of
seeds per pod (NSP), seed weight per pod (MSP), and pea grain yield per unit area (PGY).
Based on the analysis of the mean values of the examined traits, highly significant differences
among varieties were found for all the examined traits, as well as VL interactions. Variety V;
showed the greatest effect on PGY, variety V, on NSP and MSP, variety V, on NPP, and
variety Vs on LP. Locations exhibited highly significant effects on MSP and PGY, while a
significant effect of location was observed for NSP. For the investigated traits of NSP, MSP,
and PGY, location L; demonstrated a greater effect. In 2016, a PGY of 4,091 t ha' was
achieved, and in 2017, it was 3,973 t ha'. The highest PGY was recorded for variety V1, at
4,673 t ha', and the lowest for Vs, at 2,569 t ha’. A higher PGY was observed at L;, with
4,076 t ha', compared to *L,, with 3,988 t ha'.

Keywords: pea, locality, yield, year, variety.
Introduction

Peas represent an excellent leguminous component in various cropping systems (Ambrose et
al., 1997). It is used in the nutrition of domestic animals in the form of green fodder, dry
fodder matter, animal meal, unripe grain, ripe grain and straw (Miki¢ et al., 2006). Pea yield
can be represented by four components: preserved plant until harvest, formed pod, formed
seed in the pod and mass of one thousand seeds (Ghobary, 2010). The mentioned yield
components show a certain plasticity in terms of reflecting the yield level, so that there is a
compensation between the number of pods and the formed seeds in the pod, or between the
formed seeds in the pod and its mass (Timmerman-Vaughan et al., 2005). Kosev and Miki¢
(2012) found that there are significant positive correlations between the number of fertile
nodes, the number of pods and the number of seeds per plant, as well as between the number
of seeds and pods per plant. Grain yield and above-ground mass of vegetable and fodder pea
varieties are characterized by great variability, caused by habitat conditions and
meteorological conditions during growth and development (Annicchiarico and lannucci,
2008). Variations in the yield of peas are influenced by different climatic conditions in the
growing seasons (Zajac et al., 2012). The number of seeds per plant, as the most variable
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component of pea yield, is strongly influenced by extremely high temperatures and water
stress, especially in the phases from the beginning of flowering to the beginning of seed
filling (Guilioni et al., 2003). Extremely high temperatures lead to the deterioration of
generative organs in a very short period of time, and in combination with water stress, they
have a negative effect on the biomass yield, and beyond that, on the grain yield. The length,
mass and number of pea pods depend on the position on the fruiting tree. The longest pods
have the largest mass and number of grains and develop on the lowest nodes (first and second
nodes), while the shortest pods grow on the third and fourth nodes, which are located in the
middle of the tree, and the shortest pods are located on the fifth and sixth nodes, which
located at the top of the tree, while the grain formed in the central part of the pea has the
largest mass (Zajac et al., 2012). The main goal of this study was to determine the variations
of the most important productive traits of spring fodder pea varieties of different origins under
different production conditions.

Materials and Methods

The field experiments were cultivated in 2016 (Y;) and 2017 (YY) at two localities: in the
vicinity of Banja Luka (L;) (experimental field of the Agricultural Institute of the Republic of
Srpska), altitude of 163 m (17°49'19 " latitude and 44°48'13" longitude), and in the vicinity of
East Sarajevo (L) (experimental field of the Faculty of Agriculture in East Sarajevo), altitude
550 m (43°49'01" latitude and 18°20'57" longitude). The basic soil treatment was carried out
in the autumn, at a depth of 25 cm, and the pre-sowing preparation at a depth of 10 cm. Basic
fertilization with 350 kg of ha™ NgP24K24 was done together with the basic cultivation of soil.
The sowing was done at 12.5 cm spacing and a interspace of 8 cm in the main plot of 5 m>.
For sowing, inoculated seed of five spring fodder pea varieties were used: NS Javor (G1),
Baccara (G2), NS Dukat (G3), NS Junior (G4) and Sasa (Gb5).
In a sample of 10 randomly selected plants per plot, the following were determined: number
of pods per plant (NPP), pod length (LP) (cm), number of seeds per pod (NSP), seed weight
per pod (MSP) (g), and pea grain yield per unit area (PGY) (t ha™) (grain yield on
experimental plots recalculated to a unit area of ha). The total amount of heat for peas is from
1300 to 2800°C, and it depends on the length of the vegetation. When analyzing temperature,
in addition to daily averages, extremes are very important, that is, the lowest and highest
temperatures in certain periods of growth and development of peas. Optimum mean daytime
temperatures in the vegetative stage are from 12 to 16°C, and during pod formation from 16
to 22°C, and for good pea metabolism, the optimal difference between day and night
temperatures is 6 to 10°C. The average temperature for the vegetation period (I11-VI1) in 2016
in the Banja Luka area was 16.5°C, while the sum of precipitation was 344.8 mm. The
average temperature for the vegetation period (I111-V11) in 2017 was 17.2°C, while the sum of
precipitation was 437.6 mm In the location of East Sarajevo, the average temperature for the
vegetation period (IV-VII) in 2016 was 16.9°C, and in 2017 it was 16.7°C, while the sum of
precipitation was 343.5 mm in 2016, and 327.7 mm in 2017. All data were processed with the
SPSS statistical package. The analysis was performed based on the mean values of the
obtained results and the analysis of variance (ANOVA) to determine the significance of the
differences.
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Results and Discussion

Based on the analysis of the mean values of the examined traits, highly significant differences
of varieties were determined for all the examined traits (NPP, LP, NSP, MSP and PGY)
(Table 1). Variety Vi showed the greatest effect for PGY, variety V, showed the greatest
effect for NSP and MSP, variety V, for NPP, and variety Vs for LP. The smallest effect for
the traits NPP and LP was shown by variety V,, while for the traits NSP, MSP and PGY the
smallest effect was shown by variety V4. Mihailovi¢ and Miki¢ (2004) state that the variety
NS Junior, thanks to its tendency to branch, had the highest number of pods per plant, which
was also confirmed by these studies. These variations may be the result of the hereditary
potential of the varieties and their interaction with the soil and climatic conditions, which is in
agreement with the statements of Khichi et al. (2016). The tested pea varieties showed a
significant difference in LP. V5 had the longest pod, and V; had the smallest pod. Lakic¢ et al
came to similar results, when it comes to pod length in the variety Sasa. (2019). Localities
showed highly significant effects for MSP and PGY, while a significant locality effect was
shown for NSP. For the investigated characteristics of NSP, MSP and PGY, the L; location
showed a greater effect. In 2016, a higher yield of peas was achieved, compared to 2017. An
analysis of climate parameters found that 2017 was less favorable, which also affected the pea
yield. April and May were colder and with more precipitation compared to multi-year
averages, so these weather conditions were not favorable for the sprouting and initial growth
of peas, while summer is considered one of the hottest with many days with temperatures
above 40°C. Temperatures above 26°C in the period immediately after flowering can
significantly reduce grain yield due to the decay of flowers (Popovi¢ et al., 2002). Also, short-
term temperatures of 30°C can affect the quality of pods (Sing and Singh, 2011).

Table 1. Analysis of variance

F-value
NPP LP NSP MSP PGY
\V 227.58** 9.20** 58.76** 97.67** 468.75**
L 0.02ns 2.17ns 7.64* 8.74** 6.11**
Y 1.59ns 0.50ns 0.21ns 0.04ns 10.93**
G*L 4.19* 13.38** 9.04** 7.01%* 5.87**
G*Y 1.10ns 2.96* 0.01ns 0.01ns 2.10ns
L*Y 1.67ns 0.02ns 0.03ns 0.03ns 0.58ns
G*L*Y 1.85ns 0.28ns 0.07ns 0.08ns 0.92ns

*- Significant at the 0.05 level, **- Significant at the 0.01 level, V - varieties, L — locality, Y - year, NPP - number of pods
per plant, LP - length of the pod, NSP - number of seeds in the pod, MSP - mass of seeds per pod, PGY - pea grain yield.

65




Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

16

14,457
o asne 47T 4507 4453 e
12
10
8
6
4
2
0
Vi V2 V3 V4 V5
s NPP mm LP o NSP MSP e PGY

Graph 1. Mean values for number of pods per plant (NPP), length of the pod (LP), number of
seeds in the pod (NSP), mass of seeds per pod (MSP) and pea grain yield (PGY) for varieties
(V1, V2, V3, V4, Vs) and locations (L, Ly).

The greatest effect for NPP was shown by the locality of variety V4 (L1 — 14,457 and L, —
13,363) as well as for LP (L; — 6,956). For the traits NSP and MSP, the greatest effect of
location was manifested in the variety V, and was for NSP (L; — 6,836 and L, — 6,910), and
for MSP (L; — 1,499 g and L, — 1,520 g). The highest yield was found in variety Vi (L, —
4,771 t hat), while the highest PGY was found in variety V5 (4,597 t ha™) at L (Graph 1).
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Graph 2. Mean values for of lengths of the pod (LP) for varieties (V1, Va2, V3, V4, Vs) and
years (Y1, Y2).
The effect of VY on LP was determined. Four cultivars (V1, V2, V4 and Vs) had longer pods
in Yy, while cultivar V3 had longer pods in Y,. The largest pod was 6.474 cm for VsY;, and
the smallest pod was 5.299 cm for VY, (Graph 2). The length of the pod is a varietal
characteristic, but it can also be influenced by the height of the plant, the ecological
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conditions of the area where peas are grown, the availability of nutrients, especially in the
phase of pod formation (Khan et al., 2013). Pea varieties differ in the length and shape of the
pods and the number of grains per pod (Kumar, 2016).

Conclusion

Important components of PGY are NPP, LP, NSP and MSP. LP is a varietal trait, but it is also
influenced by the ecological conditions of the area where peas are grown, the availability of
nutrients, especially in the phase of pod formation. During these studies, it was determined
that the PGY pea variety is influenced by growing conditions (L, Y), but also by the
interaction of VL. The maximum NSP was determined in the V; variety, followed by the Vs
variety, where a positive influence of LP on the NSP was also determined. The NSP is
affected by external environmental conditions, which were not favorable during flowering and
fertilization. The V, variety showed great sensitivity to environmental conditions because it
had a longer flowering period in conditions of high temperatures, which affected the reduced
NSP, even though its pod was long. Pea varieties showed a significant difference in MSP.
During these studies, the V, variety had the highest MSP, and the V, variety the lowest. These
variations may be the result of the hereditary potential of the varieties and their interaction
with the soil and climatic conditions. In the years of testing, the highest PGY was in the
variety Vi, then in the variety V3, and in third place was the variety V,. The pea varieties
intended for the combined method of utilization had a significantly lower average grain yield.
The variety V4 had the lowest PGY.
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Abstract

Field peas and vetch are significant plant species for producing roughage livestock feed,
which can be used as green fodder, hay, or silage. Due to their specific characteristics, like
susceptibility to lodging and high buffering capacity, they are commonly grown in mixture
with cereals as support crops, and this practice aims to prevent or reduce lodging, decrease
buffering capacity, and simultaneously obtain biomass suitable for the ensiling process. Silage
is the preservation of green fodder, which can be stored for an extended period in a moist state
in silos or pits. Silage holds a high nutritional value and retains almost all the nutrients and
vitamins from the green plant material. In the process of silage production, lactic acid bacteria
play a crucial role by converting the sugars present in the ensiled plants into lactic and
partially acetic acid. The study of organoleptic, chemical, and microbiological properties is
used in assessing the quality of silage, therefore, the aim of this research was to analyze and
interpret the mentioned parameters of pea silage from the Jugovi¢ farm. The examination
results of the organoleptic properties of pea silage indicated that the silage had an olive-green
to pale yellow color, slightly refreshing to sharply acidic smell, a pH value of 4.62, and a
well-fermented consistency. Some examined parameters of the chemical composition of the
silage (protein content, crude fiber content, crude fat content, and ash content) confirmed that
the tested silage was satisfactory in terms of its chemical composition. Microscopic
examination of silage samples confirmed the dominance of lactic acid rod-shaped bacteria and
streptococci, which were also characteristic of high-quality silage. The results of our research
confirm that the tested silage, in terms of color, odor, consistency, pH value, chemical
composition, and microscopic analysis, fell within the range of well-prepared silage.

Keywords: Silage, organoleptic properties, chemical properties, microbiological properties.
Introduction

Field peas and vetch are significant plant species for producing roughage livestock feed,
which can be used as green fodder, hay, or silage. Due to their specific characteristics, like
susceptibility to lodging and high buffering capacity, they are commonly grown in mixture
with cereals as support crops, and this practice aims to prevent or reduce lodging, decrease
buffering capacity, and simultaneously obtain biomass suitable for the ensiling process
(Pordevi¢ et al., 2010).

Silage is the preservation of green fodder, which can be stored for an extended period in a
moist state in silos or pits. People have been producing silage since ancient times, and some
literary sources indicate that the technique of silage preparation dates back over 3000 years
(Wilkinson et al., 2003). In the ensiling process, lactic acid bacteria participate in fermenting
the sugars present in the ensiled plants into lactic and acetic acids. These acids suppress the
growth of undesirable bacteria, including butyric acid bacteria. According to Kung et al.
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(2018), the ratio of lactic to acetic acid can be used as a qualitative indicator of fermentation,
with high-quality silages having a ratio of these acids around 2.5 to 3.0.

Silage has a high nutritional value and retains almost all the nutrients and vitamins from the
green plant material (Puki¢ et al., 2009). The process of ensiling plant crops is influenced by
several factors, among which the most significant are: the type of plant being ensiled, the
sugar content, the buffering capacity of the plant, etc. Jemcev and Puki¢ (2000) state that
maize is an ideal silage crop, unlike leguminous plants that are difficult to ensile due to their
low sugar content (3-6%) and high protein content (20-40%). The minimum concentration of
sugars required in ensiled plants is referred to as the sugar minimum. If the sugar content in
plants falls below the sugar minimum, they won't ensile properly; whereas, if it's higher, they
will ensile correctly. According to a study by Macédo et al. (2018), various factors including
dry matter content, soluble carbohydrates content, buffering substances content, and
microbiological composition of the forage, can alter the final product of the ensiling process.
In the case of an improper ensiling process, undesirable microbial populations such as
pathogens and toxin-producing microorganisms can develop in the silage, consuming such
silage can negatively affect the health of animals. Properly prepared silage must be stored
correctly to prevent it from becoming a suitable environment for microbial growth.

buki¢ et al. (2009) state that feeding silage improves food digestion in animals, enhances the
palatability of other feed components, contributes to increased productivity in cows, and
supports the healthy development of calves. For decades, various additives have been
available on the market to enhance the quality and storage longevity of silage (Muck et al.,
2018). Through the application of lactic acid bacteria inoculants, the fermentation process is
accelerated, and silage quality is improved. According to research by Weinberg and Chen
(2013) and Ni et al. (2017), inoculants also improve the taste of silage and prolong its storage
time. Many farmers have adopted the practice of preparing pea silage using round bales
wrapped in plastic film. Numerous researchers indicate that the risk of silage spoilage can be
reduced by following these steps: harvesting in early stages of maturity, wilting to 50-60%
moisture content, forming dense and compact bales wrapped in plastic film within two hours
of baling, storing in a clean, well-drained area to minimize tearing and damage to the film,
regular inspection and repair of torn or damaged bales using self-adhesive tape (Tietz, 2007,
Sullivan and McKinlay, 1998).

The study of organoleptic, chemical and microbiological properties is used to assess the
quality of silage, therefore, the objective of this research was to analyze and interpret the
mentioned parameters of pea silage from the Jugovi¢ farm.

Material and methods

The analysis of pea silage samples from the Jugovi¢ farm was conducted at the laboratories of
the Faculty of Agriculture in East Sarajevo. The organoleptic, chemical, and microbiological
properties of the silage samples were studied. Among the organoleptic properties, the color,
odor, consistency, and pH value of the silage samples were analyzed. In order to assess the
quality of the silage, the following parameters were examined:

- pH value of the silage from silage extract using a pH meter;

- protein content (total nitrogen) using the micro-Kjeldahl method, which involves
sample digestion using concentrated sulfuric acid in the presence of a catalyst,
neutralization after digestion by adding NaOH, and titration of the resulting ammonia
with a standard HCI solution in an automatic Velp apparatus. The protein quantity is
determined computationally by multiplication with the appropriate factor;
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- cellulose content (crude fiber) according to Weende and Wijkstrom was determined
using the Fiber Bag FBS 6 apparatus by Gerhardt. The method involves treating the
samples with a sulfuric acid and sodium hydroxide solution, followed by separating
the residue through filtration and measuring it after drying;

- the percentage of crude ash content was determined by igniting 1g of air-dried sample
at 550°C for one hour and measuring the residue. The ash content is expressed as a
percentage of the mass;

- the quantity of crude fats was determined through Soxhlet extraction (Pordevi¢ i sar.,
2003);

Microscopic examination of silage microorganisms was performed using the imprint method
and observation under a light microscope (Puki¢ et al., 2018).

Results and Discussion

In the conditions of increasingly pronounced feed deficits and high costs, Pordevi¢ et al.
(2000) argue that silage production represents the most viable solution for obtaining cost-
effective and high-quality animal feed. One crucial parameter is the quality of the silage itself,
and the aim of our research was to examine the organoleptic, chemical, and microbiological
properties of silage produced on a smaller agricultural farm. Among the organoleptic
properties, we analyzed the color, odor, consistency, and pH value of the silage samples, and
the results of our research are presented in Table number 1. The color of the tested silage
samples ranged from olive green to pale yellow. The smell of the silage varied from slightly
refreshing to strongly acidic, attributed to acetic acid, while the pH value measured 4.62
(Table 1). In their study, Kung and Shaver (2002) mention that a pleasant odor is indicative of
well-fermented silage. Numerous literary sources indicate that various volatile organic
compounds can be found in silage (Krizsan et al., 2007; Daniel et al., 2013; Weiss, 2017),
including ethyl and propyl esters of acetate and lactate (Weiss, 2009, Weiss et al. 2015).

Table 1. Organoleptic Properties of Pea Silage

Color Odor pH Consistency

the silage consisted of
whole pea and oat
plants in round bales
4,62 without chopping,
with plants in an
intact state, the
sample was moist

olive green to pale | slightly refreshing to
yellow strongly acidic

The consistency of the tested silage was composed of whole pea plants combined with oats.
The mass was compressed into round bales in an intact state (not chopped), it was moist, and
contained a significant proportion of leaves. The presented results of our research have shown
that the examined silage, in terms of color, odor, consistency, and slightly higher pH values,
fell within the range of well-prepared silage. This is in line with Puki¢ et al. (2018), who
stated that good silage is characterized by the following indicators: green color, a fruity and
bread-like odor, and a pH range of 4.0-4.2. In Table 2, various parameters of the chemical
composition of the examined silage are presented.
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Table 2. Chemical Composition of Pea Silage

Protein Content (%)

Mineral Content
(Ash) (%)

Crude Fat Content
(%)

Crude Cellulose
Content (%)

12,66

5,42

1,67

26,27

Crude proteins are one of the most important quality parameters of animal feed. The average
protein content in the tested silage sample was 12.66%, which is consistent with the research
of Uzun and Asik (2012), where the average crude protein values ranged from 10.72% to
15.31%. The content of crude cellulose in the pea and oat silage was 26.27%, and it was
influenced by the mixture's structure and the stage of plant development. The average crude
fat content was 1.67%, which is in line with the research by Mustafa et al. (2002), who
obtained a crude fat value of 1.4-2.3% in their tested pea silage samples. The research results
show a slightly lower value of crude ash (5.42%) compared to the values obtained in the
research by Mustafa et al. (2003), whose average crude ash values ranged around 6.8%. A
slightly lower mineral content can be explained by the fact that the pea and oat silage was
prepared in later stages of crop utilization. The next parameter of silage quality was the
microscopic analysis of the silage sample obtained through the imprint method, depicted in
Figure 1.

Figure no. 1. Microscopic analysis of the pea silage sample

Microscopic examination of silage samples confirmed the dominance of lactic acid rod-
shaped bacteria and streptococci, which are also characteristic of high-quality silage.

Conclusion

Silage represents one of the primary and cost-effective sources of feed used in livestock
nutrition. Quality is a crucial parameter of silage, and the aim of this study was to analyze and
interpret the organoleptic, chemical, and microbiological properties of pea silage produced on
a small-scale farm owned by the Jugovi¢ family. The research results indicated that the
properties of the silage, in terms of color, odor, consistency, and pH value, fell within the
range of well-prepared silage. Some examined parameters of the chemical composition of the
silage (protein content, crude fiber content, crude fat content, and ash content) confirmed that
the tested silage is satisfactory in terms of its chemical composition. Microscopic examination
of silage samples confirmed the dominance of lactic acid rod-shaped bacteria and
streptococci, which are also characteristic of high-quality silage.
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Abstract

Phenological traits, fruit characteristics and yield of five plums cultivars (‘Topper’,
‘Presenta’, ‘Elena’, ‘Hanita’ and ‘Katinka’) were studied in the region of Sarajevo (Bosnia
and Herzegovina) over one-year period (2022). The average time for the flowering of tested
cultivars was in the second half of April. The time of maturation ranged from July, 19
(‘Katinka’) to September, 11 (‘Presenta’). The average fruit weight ranged from 21.30 g, in
the cultivar ‘Katinka’, to ‘36.92° g in the cultivar ‘Elena’. Significant differences in fruit
weight were found among plum cultivars. The average yield per tree was lowest in the
cultivar ‘Katinka’ (6.49 kg) and highest in the cultivar ‘Topper’ (13.82 kg). There were no
significant differences in the yield per tree between the cultivars ‘Topper’, ‘Presenta’ and
‘Hanita’. The cultivar ‘Topper’ stood out for the highest cumulative yield efficiency (0.25 kg
cm™). Soluble solids content was lowest in the cultivar ‘Katinka’ (14.60 %) and highest in the
cultivar ‘Presenta’ (19.10 %). The cultivars ‘Elena’ and ‘Hanita’ are characterized by the
highest content of acids, while the cultivar ‘Katinka’ was characterized by the lowest acid
content. The pH values were in the interval 3.06-3.29. The best rated cultivar for fruit
appearance and taste was ‘Elena’.

Key words: Prunus domestica L., flowering, maturation, fruit characteristics, yield.

Introduction

The European plum (Prunus domestica L.) is a stone fruit species, mostly grown in the
temperate zone of the northern hemisphere. Average plum production worldwide in the period
2019-2021 amounted to 12.08 million tons (FAOSTAT, 2023). The plum is the most
important fruit species in Bosnia and Herzegovina (BiH) and the total area under plums in this
country in 2022 was 12.71 ha (Agency for Statistics of BiH), while the realized production for
the same period was 4.60 t ha™. The plum production in BiH is characterized by some
negative characteristics: a large share of old orchards, out-of-date cultivars, and inadequate
application of cultural practices.

One of the most important commodities, consumed worldwide, owing to its degree of
acceptance by consumers is plum fruit. The ruits of European plums are suitable for fresh
consumption, drying, and processing into different products (jam, juice, compote, brandy).
Unfortunately, fresh consumption of plums is quite small. The highest profit in plum
production is gained by growing table cultivars. According to Ogasanovi¢ et al. (2005) the
cultivar is the most important factor in the fruit production, but the choice of rootstock is also
important for successful production. The rootstocks have a major impact on the vigor, yield
and fruit quality. Bohacenko et al. (2010), in addition to economic and physical parameters,
such as yield, weight of fruit, shape, color of skin, stone weight, sensitivity of the fruit to
biotic and abiotic factors, in the commercial use of the fruit, the chemical parameters also play
an important role.
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In recent years, a large number of plum cultivars have been created with improved
characteristics, such as better adaptation to different environmental conditions, increased
disease resistance, self-fertility, higher yield and better fruit quality. Breeding programs in
Germany are important in the process of creating new plum cultivars. The introduction of new
foreign cultivars and their study in the climatic and soil conditions of BiH allow better choice
of cultivars, and may improve the production of plums.

The aim of this study was to examine the influence of cultivars on the phenological traits, fruit
characteristics and yield of plum cultivars originated in Germany. On the basis of the results
obtained, some cultivars will be recommended for growing in the region of Sarajevo, as well
as in other regions with similar environmental conditions.

Materials and methods

The study was conducted in the plum orchard at the Experimental Station ,,Butmir” on the
Federal Institute of Agriculture Sarajevo, Bosnia and Herzegovina (BiH). During the one-year
period (2022), the phenological (flowering and ripening phenophase) traits, fruit
morphological (fruit weight, dimensions and shape index, stone weight and share, stalk
length), chemical (soluble solids content, total acids content and pH of fruit juice) and
sensorial (appearance and taste) characteristics, vigour (trunk cross-sectional area - TCSA)
and yield parameters (yield per tree and yield efficiency - YE) of five plum cultivars
(‘Topper’, ‘Presenta’, ‘Elena’, ‘Hanita’ and ‘Katinka’) were studied. The orchard was planted
in the spring of 2007. The planting distance was 4.0 m between the rows and 2.0 m within the
row. The training system was the Spindle. Standard cultural practices were applied, including
drip irrigation. The rootstock for each cultivar was clonal rootstock ‘Fereley’. Every cultivar
was represented by six trees (three replications with two trees).

Flowering was recorded by recommendation of the International Working Group for
Pollination: start of flowering—10 % open flowers, full bloom-80 % open flowers, end of
flowering—90 % of the petal fall (Wertheim, 1996). The time of ripening was taken as the date
of full maturation. Fruit characteristics were measured on a sample of 30 fruits in three
replications per cultivar. Fruit and stone weight were measured by technical balance Acom
JW-1-300 (Acom Inc., Pocheon, South Korea) with an accuracy of +0.01 g., while fruit
dimensions and length of stalk were determined by with a sliding scale (Inox 1/20 mm, with
an accuracy of £ 0.01 mm). Fruit shape index and stone share were calculated using the
formulas fruit length x fruit length / fruit width x fruit thickness and stone weight) x 100/ fruit
weight, respectively. The TCSA was calculated on the basis of trunk circumference measured
at a height of 30 cm above ground level. Yield efficiency was calculated by dividing the yield
per tree by the TCSA. Soluble solids content was determined by a refractometer (Pocket PAL-
1, Atago, Japan), total acids (expressed as malic acid) by titration with 0.1 N NaOH, while the
pH value was determined using the pH meter (CyberScan 510). Sensory characteristics of the
fruit (appearance and taste) were evaluated by a five-member jury, scoring the cultivars using
a scale from 1 to 5.

IBM SPSS Statistics 20 was used to conduct the Statistical analyses (SPSS Inc., Chicago, IL,
USA). The obtained data for fruit characteristics and yield are represented by the mean value
for three replicacates + standard error and were statistically processed by Fisher's model of
analysis of variance (ANOVA) using the F-test (Fisher, 1953) for R<0.05 and R<0.01. When
the F-test was significant, the testing the differences of arithmetic means were determined
using Duncan's multiple range test for a significance level of P<0.05.
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Results and discussion

The phenological characteristics of plum cultivars are shown in Table 1. Flowering of tested
plum cultivars was occurred in the second half of April. The earliest start of flowering was
recorded in the cultivar ‘“Topper’ (April, 11) and the latest in the cultivar ‘Katinka’ (April,
14). The difference between cultivars with the earliest and the latest start of flowering was
three days.

Table 1. The flowering phenophase of assessed plum cultivars in 2022

Flowering dates Duration No. of days
Cultivar of _ Ripening from _ full
Start Full End flowering  time flowering to
(days) harvest
Topper 11 April 16 April 19 April 8 27 August 130
. . : 11
Presenta 12 April 15 April 19 April 7 September 145
Elena 12 April 16 April 22 April 10 31 August 131
Hanita 13 April 16 April 21 April 8 15 August 116
Katinka 14 April 18 April 24 April 10 19 July 86

Full flowering started three to five days after flowering onset. The end of flowering was in the
interval of 19 April (‘Topper’ and ‘Presenta’) to 24 April (‘Katinka’). The duration of
flowering ranged from 7 (‘Presenta’) to 10 (‘Elena’ and ‘Katinka’) days. The investigated
plum cultivars matured in a span of 54 days, from July 19 (‘Katinka’) to September 11
(‘Presenta’). The number of days from full flowering to harvest ranged from 86 to 145.

The lowering of plum cultivars in the region of Sarajevo was later compared to Belgrade
(Milatovié et al., 2018a; 2018b; Milatovi¢ et al., 2019), Cadak (Milosevi¢ et al., 2018) and
Troyan region (Popski, 2016; Boryana et al., 2017). Harvest dates for the cultivars ‘Katinka’
and ‘Hanita’ in Sarajevo were later than in Belgrade (Milatovi¢ et al., 2018a; 2018b), while
the cultivars ‘Hanita’ and ‘Presenta’ had earlier harvest dates than in Cagak (Milosevié et al.,
2018). Similar results for harvest dates for cultivars ‘Topper’ and ‘Elena’ were reported by
Milatovié et al. (2019). Contrary to our results, the results of Boryana et al. (2017) have
established an earlier harvest date for cultivars ‘Katinka’ and ‘Elena’. The results for the start
of flowering and harvest dates for plum cultivars were earlier compared to the statements of
authors Blazek and Pistekova (2009). Differences in flowering time and fruit maturation can
be explained by different environmental conditions between the study regions.

Fruit weight ranged from 21.30 g, in the cultivar ‘Katinka’, to 36.92 g in the cultivar ‘Elena’
(Table 2). All of the studied cultivars are characterized by medium large fruit (fruit weight
between 20 g and 40 g). The cultivar ‘Elena’ had the highest statistically significant stone
weight (2.04 g). On the other hand, the cultivar ‘Katinka’ is distinguished by its smallest stone
(weight of 1.20 g). Significant differences in fruit and stone weight were found among plum
cultivars. Stone share in the fruit weight ranged from 5.59 % (‘Elena’) to 6.63 % (‘Presenta’).
Significant differences were not found between cultivars fin the share of stone in the fruit
weight. Stalk length was significantly the shortest in cultivar ‘Katinka’ (1.45 cm), and the
longest in cultivar ‘Topper’ (1.92 cm). The analysis of the results related to fruit weight, stone
weight and stalk length showed that cultivar was a significant source of variability.
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Table 2. Fruit characteristics of assessed plum cultivars in 2022

Cultivar Fruit weight (g) Stone weight (g)  Stone share (%) Stalk length (cm)
Topper 26.79+2.60b" 1.69+0.04c 6.51 +0.82 1.92+0.01 a
Presenta  22.33+0.07c¢ 1.47+0.03d 6.63 +0.12 1.68+0.04b
Elena 36.92+1.45a 2.04+£0.06 a 5.59+0.13 1.63+0.05b
Hanita 3273 +£0.85a 191+£0.03b 5.92+0.14 1.83+0.04a
Katinka 21.30+£041¢ 1.20£0.01 ¢ 5.68£0.14 1.45+0.06 ¢
ANOVA 7 ” n.s. ”

"Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05
“Significant differences for P<0.05; ~Very significant differences for P<0.01; n.s. — not significant according to F test

Significant differences were found between cultivars for fruit dimensions (Table 3). Fruit
length, width and thickness were highest in the cultivar ‘Elena’ (45.08 mm; 36.23 mm; 36.48
mm). The cultivar ‘Katinka’ had the lowest fruit length (37.54 mm), while the lowest values
of width (27.01 mm) and thickness (31.01 mm) of fruit were found in the cultivar ‘Presenta’.
Based on the fruit dimensions, the shape index was calculated, whose values ranged from 1.51
(‘Katinka’) to 2.28 (‘Presenta’).

Our results of fruit weight of plum cultivars were, with insignificant deviations, in agreement
with the statements of Blazek and Pistekovd (2009). Results of fruit characteristics are in
accordance with previous findings for cultivars ‘Katinka’, ‘Hanita’ and ‘Presenta’ (Popski,
2016; Milatovi¢ et al., 2018a; 2018b). The values obtained for fruit characteristics in this
study for cultivar ‘Elena’, were higher than those recorded by Milatovi¢ et al. (2019). The
results for fruit weight for cultivars ‘Katinka’ and ‘Elena’ are higher compared to the
statements of authors Boryana et al. (2017).

Table 3. Fruit dimensions of assessed plum cultivars in 2022
Fruit dimensions (cm)

Cultivar Length Width Thickness Shape index
Topper 42.22+1.32b" 32.19+0.94b 32.07+1.32b  1.73+0.02b
Presenta  43.62+0.25ab 27.01+0.10d 31.01£020b 2.28+0.03a
Elena 45.08+0.68a 36.23+0.61a 3648 +047a  155+0.05¢
Hanita 43.16 £ 0.62 ab 34.60 £0.24 a 3534+0.19a 1.53+0.03¢c
Katinka 37.54+0.36¢c 30.03+0.57c¢ 31.28+044b  1.51+0.03¢
ANOVA 7 ” ” ”

"Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05
“Significant differences for P<0.05; ~Very significant differences for P<0.01; n.s. — not significant according to F test.

According to many authors, the key parameters that determine the quality and acceptance of
the fruit by consumers are the content of soluble solids and total acids, as well as ratio
between them (Nergiz and Yildiz, 1997; Crisosto et al., 2004). Soluble solids content of five
plum cultivars grafted on ‘Fereley’ rootstocks ranged from 14.6 % to 19.10 % (Table 4). The
highest values for soluble solids were found in the cultivar ‘Presenta’, while the lowest values
were found in the ‘Katinka’ cultivar. However, significant differences among cultivars were
found. According to Milenkovi¢ et al. (2006) early maturing plum cultivars developed at the
Institute of Fruit Growing in Cacak, contain from 12.5 % to 14.8 % of soluble solids, while
the medium and late maturing plum cultivars have from 16.8 % to 32.0 %. In the literature,
the content of soluble solids in cultivars of European plum usually ranges from 16%—18%
(Mileti¢ and Petrovi¢, 1996; Oparnica and Jovanovié, 2000; Nenadovié-Mratinié et al.,
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2007). The content of soluble solids in a large number of cultivars in the conditions of the
Belgrade region was in the interval from 12.3 % to 21.9 %, and these values were correlated
with maturation time (Nenadovié-Mratinié et al., 2007; Milatovi¢ et al., 2011, 2016, 2017,
2018a; 2018b; 2018c; 2019; Radovic¢ et al., 2020). According to Blazek and Pistekova (2009)
and Popski (2016) the content of soluble solids were from 11.75 % to 27.90 %.

One of the important parameter of fruit quality is the content of total acids. The highest values
of content of total acids were found in the cultivars ‘Elena’ and ‘Hanita’ (1.57 %; 1.56 %),
while the lowest values were obtained in the cultivar ‘Katinka’ (0.84 %) (Table 4).
Differences in the content of total acids among cultivars were significant. The average content
of total acids in the conditions of Belgrade for European plums was from 0.47 % to 1.94 %
(Milatovié¢ et al., 2018a; 2018b; 2019; Radovi¢ et al., 2020). The acid content decreases
rapidly after harvest, during storage of fruit (Milatovi¢, 2019). The cultivar ‘Katinka’ was
characterized by the highest pH of fruit juice (3.29), while the cultivar ‘Elena’ had the lowest
(3.06).

Table 4. Chemical and sensorial characteristics of fruit of assessed plum cultivars in 2022

Cultivar Solube solids Total acids H Sensory evaluation (1-5 scale)
(%) (%) P Appearance Taste

Topper  17.96 = 0.06 b' 2'89 + 0.01 2522 £ 001 58340170 34020.10¢

Presenta 19.10£0.03a 127 =001 3152000 554, 45, 370 = 0.06
b bc bc

Elena  17.99+0.03 b ;'57 =001 5064001¢c 490£006a  4.90+006a

Hanita  16.12 % 0.00 ¢ ;'56 + 0.01 Egs £ 008 3934017 337£027c
0.84 = 0.01

Katinka 14.60 +0.00 d q 329+0.0la 450+0.52 ab 4.03+0.09b

*x ES3 ES3 ES3 EZ3

ANOVA

"Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05
“Significant differences for P<0.05; ~Very significant differences for P<0.01; n.s. — not significant according to F test

The best rated cultivar for fruit appearance and taste was ‘Elena’. On the other hand, the worst
rated cultivar for appearance was cultivar ‘Presenta’, while cultivar ‘Hanita’ was worst scored
for taste. Our results of good appearance and good taste for cultivars ‘Hanita’ and ‘Katinka’
are in accordance with those of Milatovi¢ et al. (2018a; 2018b).

The yield per tree in 2022 was lowest in the cultivar ‘Katinka’ (6.49 kg) and highest in the
cultivar ‘Topper’ (13.82 kg) (Table 5). Significant differences in yield per tree were not found
between cultivars ‘Topper’, ‘Presenta’ and ‘Hanita’. Also, differences between the cultivars
‘Flena’ and ‘Katinka’ were not significant in yield per tree. Among the studied cultivars, the
lowest vigor was found in the cultivar ‘Topper’ (57.93 cm?), while the highest vigor was in
the cultivar ‘Presenta’ (94.81 cm?). Yield efficiency ranged from 0.07 kg cm™to 0.25 kg cm™.
The cultivar ‘“Topper’ had the highest yield efficiency.
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Table 5. Yield parameters and vigor of assessed plum cultivars in 2022

Cultivar  Yield (kg tree™) TCSA (cm?) YE (kg cm™)
Topper 13.82+0.27a 57.93+7.36b 0.25+0.03 a
Presenta 11.72+0.38 a 9481 +2.71a 0.18+0.01 b
Elena 7.74+0.73 b 91.57+8.57a 0.11+0.02 cd
Hanita 11.50+1.35a 65.82+10.51b 0.13+0.02 ¢
Katinka 6.49+0.56 b 74.85 £5.62 ab 0.07+0.01d
ANOVA 7 ” ”

"Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05
“Significant differences for P<0.05; ~Very significant differences for P<0.01; n.s. — not significant according to F test

The vigor of plum cultivars in the region of Sarajevo was higher and yield was lower
compared to the Czech Republic (Blazek and Pistekova, 2009) and Calak (Milosevi¢ et al.,
2018) region. Our results of yield per tree, vigor and yield efficiency of cultivars ‘Hanita’ and
‘Katinka’ were significantly lower compared to previous findings of Milatovi¢ et al. (2018a;
2018b). The values obtained for yield per tree, vigor and yield efficiency for cultivar ‘Elena’
were lower than those recorded by Milatovi¢ et al. (2019). Our results for yield per tree for
cultivar ‘Katinka’ aren’t in agreement with previous findings of Popski (2016) who reported
that this cultivar had an average yield per three of 0.80 kg. Contrary to our results, the results
of Boryana et al. (2017) have established higher yield per tree for cultivars ‘Katinka’ and
‘Elena’. Yield per tree, vigor and yield efficiency of plum cultivars are the result of the
influence of different factors such as environmental conditions, rootstocks, age of trees and
cultural practices.
Conclusions

The average time of flowering for the tested cultivars was in the second half of April. The
range of fruit maturity was from July 19 to September 11. The cultivars ‘Elena’ and ‘Hanita’
had the highest fruit weight. All of the studied cultivars are characterized by medium large
fruit. Significantly higher yield was found in cultivars ‘Topper’, ‘Presenta’ and ‘Hanita’. The
cultivar ‘Presenta’ was characterized by the highest soluble solids content, while the cultivar
‘Katinka’ had the lowest acid content. Besides, cultivar ‘Elena’ had the best scores for
appearance and taste. On the basis of the obtained results, for cultivation in the region of
Sarajevo, it is possible to recommend all cultivars.
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Abstract

Onions are cultivated for use in a green state and mature bulbs. Producers can use knowledge
of the relationships between the transplanting date and onion set size as a tool to adjust
production to obtain the best bulbs. It is considered that transplanting dates of onion sets
reflecting the effect of edaphic factors and all environmental conditions on a large scale on
growth, bulb yield, and bulb quality differ widely from region to region, and that the size of a
set is closely related to subsequent bulb yield, and large sets have been observed to produce
greater yields. The experiment was conducted during three planting periods in March and
April, 2022. Planted onion sets were divided into two groups: onion sets with a diameter less
than 1.5 cm and onion sets with a diameter greater than 1.5 cm. Harvesting was performed in
July 2022 for all planting dates, after which morphological measurements and vital C content
were measured. This study established the main onion bulb production characteristics,
vitamin C, and mass of the bulbs depending on the transplantation date and onion set size,
which were essential structural parameters for providing authentic information about onion
production in the open field. The results showed that early planting and wider onion sets were
essential for obtaining higher yields in open field production. The vitamin C content was the
highest on the third planting date.

Keywords: planting period, set size, bulb, onion, vitamin C.
Introduction

Onion (Allium cepa L.) belongs to the Alliaceae family and the genus Allium, and it is an
important crop for bulb plants grown globally. Onions are cultivated for use in a green state
and mature bulbs. Usually, the onion is a plant of open, sunny, dry areas, but most species are
initiated in cliffs on waterless foothill slopes, in stony or rocky open areas, or in dry, open
(Hanelt, 1990). The right level of farming practices, such as the distance between plants, plant
density, date of planting, and time of harvest, can produce the desired outcomes for farmers
(Alemu et al., 2022). Optimum transplanting dates play a vital role in maximizing growth,
bulb yield, and the quality of onions (Ali et al., 2016). Early planting has the longest growth
cycle, and thus, the highest yield (Bhattarai et al.,1995). On the other hand, late planting at
high temperatures results in early maturity and thus a lower yield. The size of a set is also
closely related to subsequent bulb yield, and it has been observed that large sets produce
greater yields (Thompson, 1934). Large sets accelerate the onset of bulbing and,
consequently, the onset of maturity (Heath and Holdsworth, 1948). Growers can use the
knowledge of the relationships between the transplanting date and onion set size as a tool to
adjust storage temperatures postharvest so that it is possible to manipulate both seed/bulb crop
production of onions in general (Khokhar, 2009). The effects of planting date and onion set
size on onion production and their significant effects on both productivity and quality have
been studied and reported by several scholars in different parts of the world (Teshome et al.,
2021). Vitamin C is considered to be an indicator of food processing quality because of its
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low stability during thermal treatment (Podsedek, 2007). The interaction effect of variety and
temperature on the vitamin C content was significant. As Seifu et al. (2018) pointed out,
although the magnitude of vitamin C reduction was not consistent across cultivars, it
decreased as temperature increased. The transplanting date was closely related to the
temperature of the production process. Idah and Obajemihi (2014) also reported a negative
influence of temperature on the vitamin C content in onion powder. Thermal degradation of
vitamin C is one of the mechanisms of non-oxidative degradation (Munyaka et al., 2010).
However, vitamin C accumulation in different plant organs is dependent on multiple
metabolic processes such as biosynthesis, recycling, degradation, and transport. Moreover,
vitamin C content is influenced by endogenous stimuli and environmental factors, of which
light is of primary importance (Bhullar and Gruissem, 2013).

This study established the main onion bulb production characteristics, vitamin C, and mass of
the bulbs depending on the transplantation date and onion set size, which are essential
structural parameters for providing authentic information about onion production in the open
field.

Material and methods

The experiment was set up in village Masi¢i, municipality of Gradiska in the Entity of
Republic of Srpska, Bosnia and Herzegovina. In early spring 2022, a soil analysis was first
performed, which determined that it was a slightly acidic to acidic reaction soil, after which
the basic treatment was carried out, as well as additional soil treatment. Fertilization was
performed according to recommendations based on soil analysis performed at the Faculty of
Agriculture in Banja Luka. An untreated variety was used: Majski srebrnjak (NS SEME,
Serbia). The bulb is white, juicy, and flat. In terms of food, it is used as an onion in early
spring or as a ripe bulb in May. Recommended production from onion sets: sowing from
March 1% to April 5". The experiment was conducted during three planting periods. 1%
planting period was 3/15/2022, the 2" was 3/25/2022 and the 3™ was 4/4/2022. Planting was
performed in rows at a distance of 20 cm between rows and 10 cm between plants (50 plants
per square metre). The experiment was performed in four repetitions, with 20 plants per
repetition. During the growing season, usual agrotechnical measures were used, such as
irrigation, hoeing, and fertilization. Top dressing was performed twice during the growing
season. The first top dressing was done at the stage when three true leaves were formed for
each planting period separately, and the second top dressing was done at the young bulb
formation stage and for each planting period separately. Harvesting was performed on July 6,
2022, for all planting dates, after which the bulb height (cm), bulb diameter (cm), and bulb
shape index (bulb height/bulb diameter) were measured (UPOV, 1999). Bulb mass (g) and
yield (kg/m?) were measured using a standard scale and formula. Vitamin C content was
determined colorimetrically. A standard curve was prepared using five different
concentrations of the ascorbic acid standard. From the equation for the direction of sample
absorption, the concentration of vitamin C was obtained and expressed as mg/100 g frozen
weight (FW) of the sample. Measurements were performed in triplicate (Bhandari and Kwak,
2015). The obtained data were statistically analyzed, and differences were calculated using
analysis of variance with the computer program VVSTAT (Vukadinovi¢, 2017).

83


https://earth.google.com/web/search/Ma%c5%a1i%c4%87i/@45.01435134,17.26678886,103.60170494a,287.09960215d,35y,-124.58298762h,44.97867264t,0.00000121r/data=CnMaSRJDCiUweDQ3Njc1N2RhN2IwNGMxNmQ6MHhhYjAwYzg2MmZhODk3YWMxGfL-iduygUZAIa7b-6_ORDFAKghNYcWhacSHaRgBIAEiJgokCSrakwC0YkZAEars2Qt6XUZAGbUmtJGozzFAIbCrzhuXvzFA

Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Results and Discussion

The shape of the bulb can be a globe, a flattened globe, sometimes with a flat top, spindle-like
or almost cylindrical, or narrower or wider (Brewster, 2008). Bulb shape index is a significant
biological and commercial trait. Bulb shape impacts the price on the market, the proceeding
process, disease resistance, etc. The bulb shape index represents the ratio between the height
and bulb diameter. Bulb shape is an important indicator of onion growth and breeding
(Pavlovi¢ et al., 2007).

Table 1. Variance analysis of bulb height and diameter (cm) with average bulb shape index.

1* planting date 2" planting date 3" planting date
(A1) (A2) (A3)
Narrower Wider Narrower Wider Narrower Wider
onion sets onion sets onion sets onion sets onion sets onion sets
. (B1) (B2) (B1) (B2) (B1) (B2)
Bulb height 471 6.63 5.72 6.85 5.93 5.67
5.43 6.12 5.59 6.58 5.02 5.77
5.32 5.56 5.39 5.96 5.29 5.52
5.14 5.70 5.31 5.60 5.32 5.60
Blocks Effect A Effect B Interaction A*B Error
Fexp 0.978™ 0.954™ 2.694™ 2.733"
LSDg 05 0.4011 0.4848 0.8396 3.16
LSDo.n1 0.6076 0.6964 1.2064
4,97 6.56 4.68 6.29 4.63 5.55
Bulb diameter 454 5.34 4.46 5.08 4,28 461
413 5.24 413 4.57 4,16 452
412 4.82 419 4.75 4.13 5.00
Blocks Effect A Effect B Interaction A*B Error
Fexp 15.690** 3.155™ 51.020** 1.158™
LSDy o5 0.3051 0.2804 0.4536 1.20
LSDg o1 0.4623 0.4026 0.6978
Bulb shape 1.16 1.09 1.26 121 1.25 1.15
index

ns= Not significant at 1% level of probability; *= Significant at 5% level of probability; **= Significant at 1%
level of probability

Ud-Deen (2008) conducted research on effect of mother bulb size and planting time on
growth, bulb and seed yield of onion and reported that large mother bulb with early planting
gave the highest bulb length (3.95 cm), whereas the lowest bulb length (2.82 cm) was found
in small mother bulb planted in 2™ planting date. This research had the highest (in comparison
to Ud-Deen the longest) average bulbs in the 2" planting date and narrower onion sets which
were 5.50 cm. As shown in Table 1, even the shortest average bulbs were 2.58 cm which were
planted 1% planting date and had wider onion sets; this showed that the spring planting date
gave the highest bulbs. Kahsay et al. (2013) reported that in their research bulb diameters of
onion plants were strongly affected by the main influence of diversity as well as spacing
between plants (p < 0.001), and the interaction of these two factors did not significantly affect
bulb diameter. The maximum bulb diameter was 5.56 cm, whereas in this study, the
maximum diameter was 4.44 cm in 1% planting date and narrower onion sets. There was no
statistically significant interaction effect of the onion set size and planting date on bulb height
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and diameter. In addition, there was a statistically significant influence of planting date on
bulb diameter. From Table 1, it is also shown that the average shape in this research was 1.06
to 1.26, which indicates the circular shape of the bulbs (UPOV, 1999).

Table 2. Variance analysis of bulb mass (g) and yield of onion bulbs (kg/m?).

1% planting date 2" planting date 3" planting date
(A1) (A2) (A3)
Repetition average Narrower Wider Narrower Wider Narrower Wider
onion sets | onion sets | onion sets | onionsets | onion sets | onion sets

(B1) (B2) (B1) (B2) (B1) (B2)
Mass of bulbs (g) 50.58 93.92 51.42 82.45 48.75 62.67
Yield of onion bulbs 2.53 4.70 257 4.14 2.44 3.13
(kg/m°)

Blocks Effect A Effect B Intir‘i%t'on Error
Fexp 16.967** 4.670* 42.645** 3.567 ns
LSDg 05 6.4976 0.2804 12.5823 1840.05
LSDg 01 9.8434 0.4026 18.0781

ns =Not significant at 1% level of probability; * Significant at 5% level of probability; **= Significant at 1%
level of probability

The average bulb mass was 65 g. The highest weight had the bulbs on the 1% planting date,
with a wider onion set (93.92 g). In general, wider onion sets had a higher average bulb
weight than narrower onion sets on all three planting dates. There was no statistically
significant interaction between the factors, but a statistically significant correlation was
observed between the size of the onion sets (p < 0.01) (Table 2 and Figure 1). The average
yield per square meter was calculated based on the vegetation area of the onion plants and
average mass of the bulbs (Table 2). A similar study by Ud-Deen (2008) showed that the
interaction between mother bulb size and planting time had a significant effect on the growth,
yield components, and yield of bulbs and seeds. The maximum bulb weight per plant (50.25
g) and bulb yield (1.75 kg/m?) were observed in large mother bulbs on the 2™ planting date,
whereas the minimum bulb weight per plant (38.98 g) and bulb yield (0.53 kg/m?) were found
in small mother bulbs on the 2™ planting date, which is almost half of the bulb weight in our
study.
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Figure 1. Average Vitamin C content (mg/100g FW)

The results of the vitamin C content in bulbs showed that the highest concentration of vitamin
C was in the 3" planting date, with the maximum value of vitamin C recorded in the 3"
planting date with wider onion sets (15.81 mg/100 g FW). In addition, no statistically
significant influence of this factor on onion was observed. Sami et al (2021) conducted
research on onion bulbs of five different varieties, namely yellow, red, green and baby onion.
The results showed that the highest value of vitamin C was detected in the red variety (45.07
mg/100 g FW), then the variety Baby (38.12 mg/100 g FW), while the variety Green showed
the lowest (10.10 mg/100 g FW). However, these values were higher than those in our study.

Conclusion

The overall results obtained from this study revealed that early planting and wider onion sets
were essential for obtaining higher yields in open field production. There was no statistically
significant interaction effect of the onion set size and planting date on bulb height and
diameter. The vitamin C content was the highest on the third planting date.
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Abstract

As an annual cultivated species, potatoes are one of the most important agricultural crops and
occupy one of the first places in world agriculture, along with wheat, corn, and rice. Potato
tubers are one of the rare foods that are completely nutritious. The largest part of the dry
matter of the tuber is starch, approximately 75%. Research on the starch content as one of the
most important parameters of tuber quality was carried out in the course of two years (2016
and 2017) in three locations (East Sarajevo, Bijeljina, Rogatica) with five varieties of potato
(Agrija, Faluka, Kenebek, Kuroda, Dezire). The obtained results of the three-factor
experiment were processed by analysis of variance. The starch content was significantly
influenced by the variety and agroecological conditions of the researched localities.

Keywords: potato, variety, locality, starch
Introduction

Potato is a crop that belongs to the Solanaceae family, the genus Solanum and is native to
South America. Among all the species belonging to this genus, whose tubers are used in
human nutrition, the most important for agriculture is Solanum tuberosum ssp. tuberosum
(Kesaulya et al., 2015), a tetraploid with 48 chromosomes, grown under long day conditions.
It is considered that in Europe Solanum tuberosum ssp. tuberosum originated from another
species of Solanum antigens (Jovovi¢ et al., 2013). Markovi¢ et al. (2006) state that potatoes
are one of the main cultivated crops, both because of the areas in which they are grown and
their importance in human nutrition. The nutritional value of potatoes depends on the content
of useful nutrients (starch, proteins, vitamin C), but harmful substances (nitrates, nitrites,
glycoalkaloids).

The most important parameters of tuber quality are sugar content, starch, and antioxidant
activity. Starch content in tubers is an important criterion of potato quality during the
industrial processing of potatoes into alcohol. Starch content in tubers depends on climatic
conditions, growing technology, variety, and tuber size (Gvozden, 2016). Knowing the
genetic diversity of the potato population is a useful tool for the selection of parents during
hybridization and for obtaining varieties with high vyields and desired characteristics
(Arslanoglu et al., 2011). Varieties that have oval tubers, a high dry matter content, and starch
are suitable for industrial processing into french fries and chips (Ismail et al., 2015). The
starch content in tubers is also influenced by the availability of nutrients, especially
phosphorus and potassium in the soil (Khan et al., 2010). Phosphorus, as one of the most
important nutrients, affects the conversion of sugar into starch.
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Material and methods

The field experiment was set up according to the random block system scheme in four
replications with a plot area of 15 m2 (four rows of 5 m length with 20 plants in a row;
distance between rows 0.75 m and between plants in a row 0.25 m). Field experiments were
set up in 2016 and 2017 at three different locations: the experimental field of the Faculty of
Agriculture in East Sarajevo (fluvisol soil type, 550 m above sea level, 43°49'01"” N and
18°20'57" E), village Koj¢inovac in Bijeljina (soil type seemingly, 90m above sea level,
44°468'02" N and 19°14'01"E) and the property of Solanum produkt in Rogatica (soil type
district cambisol, 1100m above sea level, 43°51'16 " N and 19°05'57" E). In addition to
different agroecological conditions, the chemical properties of the soil also varied
significantly in the selected localities (Table 1).

Table 1. Agrochemical properties of soil

Area Depth  pH/H, pH/KCI humm N  Soluble mg 100 g™
(cm) @) us
% % P,0s K,0O
East Sarajevo 0-30 7,16 6,39 4,12 0,27 41 36,41
Bijeljina 0-30 7,67 6,61 466 0,3 > 40 36,91
Rogarica 0-30 5,02 3,85 255 0,16 8,98 25,38

The research included five different potato genotypes: Agrija, Faluka, Kennebec, Kuroda, and
Desire. Soil preparation (primary and additional tillage) was carried out during autumn, and
with the pre-sowing preparation mineral NPK fertilizers were applied in spring (10:20:30).
Potatoes were planted in both years in East Sarajevo in mid-April, in Bijeljina in early April
and in Borike in the beginning of May, and KAN was used as the supplement.

After removing the potatoes and taking samples, the tuber (%) starch content was determined
by polarimetry according to Ewers. The results obtained were processed by analysis of the
variance of the three-factor trial using the Gen Stat 12th statistical program (Gen Stat, 2009).
Air temperature and precipitation are meteorological elements that have the greatest influence
on the volume of plant production, the height, and the quality of the yield of cultivated plants.
In East Sarajevo, the mean monthly temperatures in 2016 (16.9°C) and 2017 (17.45°C) during
the growing season were higher than average (16.2°C). In the tuber-filling phase (July and
August), the mean monthly temperatures in both years ranged from 19.5°C to 22.8°C. In
2016, there was more precipitation (520.1mm) compared to 2017 (459mm) and the multi-year
average (473mm). In Bijeljina, the mean monthly temperatures in 2016 (19.25°C) and in 2017
(19.83°C) during the growing season were higher than the multi-year average (18.18°C).
There was more precipitation during the potato growing season in 2016 (472 mm) compared
to 2017 (385.2 mm) and the multiyear average (425.4 mm). In Rogatica during the potato
growing season (May-September), the mean monthly temperatures in 2016 were (14.76°C),
and in 2017 (16.1°C) they were higher than the multi-year average (14.46° C). More
precipitation was recorded in 2016 (522.6 mm) compared to 2017 (394.8 mm) and the
multiyear average (341.9 mm) (Table 2).
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Table 2. Precipitation sum and average monthly temperature

month v vi v wvin x  Average
season total
> 2016 °C 129 139 195 21,1 186 156 16,9
s mm 60,5 82,1 96,4 1045 1055 71,1  520,1
& 2017 °Cc 92 153 203 21,8 226 155 175
w mm 132,4 73,8 55 66,5 38,7 93,2 4596
o 2016 °C 138 166 220 235 212 184 193
=4 mm 61,8 86,4120,7 84,8 66,0 52,3 472
© 2017 °C 11,6 17,9 232 246 247 17,0 198
o mm 92,8 67,5 39,9 47,3 354 102,3  385,2

2016 °C 9,9 11,1 16,7 180 157 123 14
< mm 72,7 70,4158,9 130,3 957 67,3 5953
g 2017 °C 6,0 12,7 175 186 19,2 125 144
mm 165,1 51,7 90,0 97,8 16,6 85,8 507

Research results and discussions

Depending on the variety and growing conditions, fresh tubers contain 13.1-36.8% of dry
matter (on average 22.2%), while the rest is water with about 63.2-86.9% (on average 77.8%
). The largest part of the dry matter is starch, about 75%. The starch content in the total
chemical composition of tubers, depending on the variety, ranges from 8.0-29.4% (on average
14.1%), protein content 0.44.7% (on average 2.4%), ash content 0.44-1.90% (Gvozden,
2016). Tubers with a higher starch content have a higher nutritional value, are easier to store,
and are more suitable for further processing. The starch content in the tuber is a varietal
characteristic and is influenced by agrotechnical measures and ecological conditions during
cultivation, especially the amount and distribution of precipitation (Gvozden, 2016).

Table 3. The starch content in tubers in 2016 and 2017 in three locations (East Sarajevo,
Bijeljina, and Rogatica)

Year | 2016. | 2017. | Average
E. Sarajevo 17,59+0,26 15,55+0,27 16,6+0,27
Location Bijeljina 17,51+0,34 15,09+0,23 16,3+0,31
Rogatica 17,48+0,31 15,58+0,32 16,5+0,31
Year | 2016. | 2017. | Average
Agrija 18,50+0,25 17,06+0,40 17,8+0,31
Faluka 18,36+0,31 14,86+0,28 16,6+0,29
Sort Kenebek 17,62+0,22 15,59+0,40 16,6+0,35
Kuroda 16,57+0,54 14,77+0,37 15,7+0,47
Dezire 16,58+0,42 14,74+0,46 15,7+0,44
Average 17,53+0,17 15,41+0,17 16,5+0,17

The starch content in the tuber in 2016 was highly influenced by the variety, while in 2017 the
variety showed a significant influence.

The Agrija variety had the highest starch content in 2016, and the Kuroda variety had the
lowest, while the starch content in 2017 ranged from 14.74% (Dezire) to 17.06% (Agrija).
The starch content in the tuber is influenced by the variety and cultivation technology (Tein et
al., 2014; Bro¢i¢ et al., 2016), which is in agreement with the given research.
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At the location in East Sarajevo in 2016, the tubers had the highest starch content, while the
lowest starch content was recorded in the tubers produced in the Rogatica subdistrict. In the
second year examined, the highest starch content was in Rogatica and the lowest in Bijeljina
(Table 3). Between the Bijeljina and Rogatica localities, the greatest variation was found in
the Kuroda variety and the smallest in the Agrija variety between the localities of East
Sarajevo and Bijeljina, and the Kennebek variety grown in the localities of East Sarajevo and
Rogatica.

The content of dry matter in the tuber is influenced by environmental factors during the
growing season, namely solar radiation, soil temperature, moisture content in the soil, and
application of fertilizers. Low temperatures and a short vegetation period reduce the content
of dry matter in the tuber, while high temperatures, solar radiation, and a longer vegetation
period affect the increase in dry matter in the tuber (Haverkort, 2007). Under the influence of
high temperatures, lack of moisture, and poor aeration of the soil, stress can occur in the
growing season, during which secondary growth of tubers occurs (Posti¢ et al., 2012), which
negatively affects the value and quality of the tubers.

Conclusions

The tested varieties (Agrija, Faluka, Kennebec, Kuroda, Desire) had a satisfactory starch
content. The starch content in the tubers was significantly influenced by the genotype, as well
as the agroecological conditions of the researched localities. The agroecological conditions in
2016 at the three localities were suitable for higher starch content in the tubers. The Agrija
variety had the highest starch content in both examined years, while the Kuroda variety had
the lowest starch content in 2016 and the Dezire variety in 2017.
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Abstracts

This study explores the quality parameters of grapes for two varieties, Cabernet Sauvignon
and Vranac, in the vineyards of Trebinje. The results indicate that both varieties achieved high
quality. Cabernet Sauvignon had the lowest sugar content (22%) and the highest acidity (9.15
g/L), while Vranac had the highest sugar content (23%) and the lowest acidity (4.25 g/L). The
quality of the produced wine was also analyzed. Cabernet Sauvignon from 2017 had the
highest total polyphenol content, while Vranac from 2016 had the lowest content.
Additionally, lower ash content was observed in Vranac wine produced in 2017. Both
varieties had higher alcohol and total extract contents in the wine produced from the 2017
grape harvest. Vranac wine received the highest sensory ratings (80 in 2017), while Cabernet
Sauvignon wine received the lowest ratings (68 in 2016). Both varieties had better sensory
ratings during the year 2017. Based on the grape and wine quality, Vranac and Cabernet
Sauvignon varieties exhibited positive characteristics and are recommended for further
expansion in the vineyards of Trebinje. These findings provide valuable insights into the
potential and quality of viticultural production in the region. Future vineyard expansions
should focus on these two varieties to ensure high-quality grapes and wines.

Keywords: grape, wine, quality, Trebinje.
Introduction

The most important parameters for assessing the quality of grapes are sugar content and
acidity. The sweetness of grape juice depends on the ratio of acidity to sugar. An ideal ratio is
high sugar content accompanied by high acidity. Excessively low acidity can have a negative
impact on the taste and quality of grapes (Liu et al., 2007). The sugar content, acidity, and
their ratio change during berry development and grape ripening and depend on various factors
such as grape variety, vineyard location, weather conditions, and the process of alcoholic
fermentation (Jeromel et al., 2007). The study and understanding of sugar and acidity content
in grapes have significant practical and scientific value. This data can be used to evaluate the
technological value of grape varieties and to select the most suitable varieties for a particular
vineyard region. Researchers have identified a significant correlation between sugar and
acidity, as well as between sugar content and fertility potential of grapes.

In the past, before the development of chemical analysis methods for wine, the assessment of
wine quality was based on its appearance, color, taste, and aroma. These characteristics still
play a significant role in determining the characteristics and quality of wine. The descriptive
method of sensory analysis has enabled a rational qualitative determination of selected quality
parameters by using appropriate attributes (Navarro et al., 2002). The sensory properties of
wine depend on numerous factors, with the most important being varietal characteristics of
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grape quality and ripeness, i.e., sugar content and aromatic compounds. Great importance is
given to the geographic origin of wine, particularly in countries with a long tradition of
production, highlighting the influence of regional elements on the composition and quality of
wine (Rektor et al., 2004). The assessment of red wine quality is primarily based on wine
tasting. However, chemical analyses are conducted to explain certain observed sensory
changes.

The aroma of wine is one of the main factors determining its nature and quality (Selli et al.,
2004), particularly its organoleptic characteristics, and therefore plays a significant role in
consumer preferences. Some aroma compounds are emitted directly from grape berries, while
others are formed during the fermentation and aging processes. The taste of wine represents
an extremely complex chemical pattern, both qualitatively and quantitatively, as over 1000
volatile compounds have been identified in wines, including alcohols, esters, fatty acids,
aldehydes, ketones, and terpenes, with a wide range of concentration variations (Gomez-
Miguez et al., 2007).

Materials and metods

The grapes of the Vranac and Cabernet Sauvignon varieties were harvested at a state of
technological ripeness in 2016 and 2017. The following parameters of the chemical
composition of the must were determined: pH value, sugar content, and total acidity. The pH
value was measured using a pH meter, which involves measuring the potential difference
between two electrodes immersed in the tested liquid. The result is expressed with an
accuracy of 0.05 pH units. The sugar content in the must was determined using a
refractometer and expressed in percentage. The total acidity in the must was determined using
a method based on a color change indicator. The method involves titration with a solution of
NaOH in the presence of the indicator phenolphthalein. The acid content is expressed in g/L
of tartaric acid. The wines are made by procedure of microvinification in two production
years, 2016 and 2017. The wines were not clarified or filtered. The physicochemical analysis
of the wine was performed according to the methods prescribed by the International
Organization of Vine and Wine (OIV, http://www.oiv.int/) at the Faculty of Agriculture,
University of Belgrade. The analysis included the following parameters: alcohol content
(vol.%), total extract (g/L), titritable acidity (g/L), total sulfur dioxide (mg/L), free sulfur
dioxide (mg/L), ash (g/L), and total polyphenols (g/L). For sensory evaluation of the wine, the
positive scoring method from 0 to 100 was used (Regulation on the manner and procedure of
production and quality of table wines and wines with geographical origin "Official Gazette of
the Republic of Serbia," No. 41/09). The following attributes were evaluated for the obtained
wines: color, clarity, aroma, and taste.

Results and discussion

The sugar and acidity content are among the most important quality parameters of grapes, and
their ratio directly affects the quality of wine. Various factors influence the sugar content in
grape must, with the variety, climatic and soil characteristics of the site, cultivation methods,
and applied viticultural practices being prominent. The results of our study on the chemical
composition of the wine are presented on graphs 1, 2, and 3. In terms of sugar content in the
grape, the highest recorded values during 2016 and 2017 were observed for the Vranac variety
(23% and 22.4%). The lowest sugar content value (22%) in 2016 and 2017 was found in the
Cabernet Sauvignon variety. The total acidity content in the grape for the studied varieties is
represented on graph 2. The highest acidity content in the wine during 2016 and 2017 was
observed in the Cabernet Sauvignon variety (9.15 and 6.83 g/l). The Vranac variety had the
lowest value in 2016 and 2017 (5.025 and 4.25 g/l). The average pH values of the grape for
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the studied varieties were fairly consistent during both years of the research and ranged from
3.13 to 3.4% (graph 3).

The sugar and acidity content in the grape must of the Vranac variety was lower than the
findings of Popovi¢ et al. (2013), who reported sugar content ranging from 23.5% to 25% and
acidity content from 5.3 g/l to 7.5 g/l. On the other hand, our results are in agreement with
Mijatovi¢ et al. (2009), who found sugar content in the grape must of the Cabernet Sauvignon
variety ranging from 20.98% to 23.36% and acidity content from 7.39 g/l to 9.74 gll.
Analyzing the grape must of the Cabernet Sauvignon variety grown in the agroecological
conditions of Trebinje, Banjanin and Kulina (2015) reported sugar content of 22.20% and
acidity of 5.9 g/l, which is consistent with our results.
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Graph 1 - Sugar content in the grape must (%) for the studied varieties
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Graph 2 - Total acidity content in the grape must (g/l) for the studied varieties
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Graph 3 - pH values in the grape must for the studied varities

Sulfur dioxide is present in both the grape must and wine in free and bound forms. Free sulfur
dioxide is mostly found as sulfurous acid and acts as a direct antioxidant and antiseptic. Total
or titratable acidity in grape must varies depending on the grape variety and agroecological
conditions in which the plant developed. One of the most important components in
determining wine quality is alcohol. Based on alcohol content, wines are classified as light (7-
9% vol.), medium (10-12% vol.), and strong (12-14% vol.). Wines with higher ethanol
concentrations are more suitable for aging and have greater biological stability (Jovi¢, 2006).
The amount of extract in wines depends on the grape variety, grape maturity, cultivation
conditions, and technological processes during wine production. The mineral content or ash of
wine is determined by burning the wine extract and depends on the soil and climatic
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conditions during the vegetation period (Blesi¢, 2006). The results of the physicochemical
analysis of wine obtained through microvinification in the experimental years 2016 and 2017
are provided in Table 1. The wine variety Cabernet Sauvignon had the highest free SO,
content during both experimental years (23.04 and 20.48 mg/l), while the Vranac variety had
the highest total SO, content (25.60 and 51.20 mg/l) in both years. The Cabernet Sauvignon
wine from the 2016 harvest had the highest ash content (3.07 g/I) and total polyphenol content
(1.94 g/), while in the 2017 harvest, it had the highest volatile acidity (4.12 g/l). The Vranac
wine had the highest alcohol content (13.70%) in 2017, while the Vranac wine from the 2016
harvest had the lowest alcohol content (12.78%). The Cabernet Sauvignon wine had the
highest total extract content (28.70 g/l) in 2017, while the Vranac wine from the 2016 harvest
had the lowest extract content (26.30 g/l). The wines produced from the grapes of both tested
varieties, from the 2016 and 2017 harvests, had approximately similar total alcohol and total
polyphenol contents.

The alcohol content in the tested wines ranged from 11.96% (Cabernet Sauvignon) to 13.7%
(Vranac), which is consistent with the findings of Pajovi¢ et al. (2009) and Raicevi¢ et al.
(2014). Przi¢ (2015), in a study on Cabernet Sauvignon wines grown under different
defoliation treatments, reported alcohol content ranging from 11.91% to 13.33% (v/v), total
acidity from 6 g/l to 7.4 g/l, total SO, from 20.48 mg/l to 99.84 mg/l, free SO, from 6.4 mg/I
to 17.92 mg/l, and total polyphenols from 1.05 g/l to 1.58 g/l. In their study, Raiéevi¢ et al.
(2014) reported high total acidity content (ranging from 5.5 g/l to 5.98 g/l) in Vranac wines
produced in the Podgorica wine region. The results of our study show that the total acidity
values for the Vranac variety were relatively consistent during both years of the research
(ranging from 3.58 g/l to 3.99 g/l), while the acidity range for the Cabernet Sauvignon variety
was much wider (ranging from 2.79 g/l to 4.12 g/l). The 2017 vintage of Cabernet Sauvignon
wine had the highest polyphenol content (1.94 g/l), while the 2016 vintage of Vranac wine
had the lowest content (1.17 g/l). Wines produced from Vranac and Cabernet Sauvignon
grapes from the 2017 harvest had higher polyphenol content. Additionally, a lower ash
content was observed in the 2017 vintage of Vranac wine. Both tested varieties had higher
alcohol and total extract content in wines produced from the 2017 harvest. When comparing
the chemical composition parameters of the wines over the years of the study and comparing
them with literature data, some deviations can be noted, which are influenced by the
ecological factors of the locality on the variety, grape maturity, duration of maceration, and
other winemaking processes.
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Table 1 - Physicochemical analysis of wine

Parameter Vranac Cabernet Sauvignon
2016 2017 2016 2017

Free SO, (mg/l) 17.92 17.92 23.04 20.48

Total SO, (mg/l) 48.64 3584 33.28 38.40

Titratable acids (g/l) 3.96 3.76  4.12 2.79

Alcohol content (%v/v) 12.78 13.70 11.96 13.30

Total extract content (g/l) 26.30 27.20 27.90 28.70

Ash (g/l) 2.28 217 291 3.07

Total polyphenols (g/l) 1.17 141 1.90 1.94

The sensory properties of wine are influenced by various factors, with the most important
ones being the grape variety and the degree of ripeness at the time of harvest, which affects
the concentration of sugars and aromatic compounds. The same compound can exhibit
different aromas at different concentrations, and the perception of aroma can also be
influenced by the subjectivity of the evaluator (Auvray and Spence, 2008). Table 2 presents
the results of the sensory analysis of wine produced from Vranac and Cabernet Sauvignon
grapes. The Vranac variety had wine of a closed red color, clear, with a fruity aroma and
pronounced minerality, and a moderately full to full-bodied taste in both years of testing. In
both tested years, the Cabernet Sauvignon wine was of a closed red color, clear, with a
varietal aroma and pronounced minerality. The taste in 2016 was thinner, while in 2017, it
was moderately full-bodied.

Table 2 - Sensory characteristics of the studied wine varieties
Variety Year  Color Clarity Aroma Taste

2016 Closed red Clear Vz_;\rletal, fruity, with Eull
Vranac mineral tones
Closed red Varietal, with fruity Moderately
2017 Clear :
mineral character full
Closed red Varietal, with .
Cabernet AU SlsE pronounced minerality Ul
Sauvignon 2017 Closed red Clear Varietal, with Moderately

pronounced minerality full

The red wine produced from Vranac grapes received the highest sensory scores, ranging from
80 (2017) to 76 (2016) (graph 4). The Cabernet Sauvignon variety had consistent sensory
scores of 68 (2016) and 73 (2017). It can be concluded that wines from both varieties had
better sensory scores during the 2017 vintage due to more favorable meteorological
conditions. The results of our study are consistent with the findings of Milanov et al. (2014).

Cabernet Sauvignon NG

Vranac |

60 65 70 75 80 85

m 2017 m2016
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Graph 4. Sensory analysis of the studied wine varieties
Conclusion

Grape quality parameters (sugar content, total acid content and pH) of both varieties indicate
high quality when growing on the area of Trebinje vineyards. During the experimental years,
the variety Cabernet Sauvignon had the lowest sugar content (22%) and the highest acidity
(9.15 g/L), while the variety Vranac had the highest sugar content (23%) and the lowest
acidity (4.25 g/L). The quality of the wine of the tested varieties was at the level of high
quality and quality varieties. The Cabernet Sauvignon wine produced in 2017 had the highest
total polyphenol content, while the Vranac wine produced in 2016 had the lowest content.
Additionally, a lower ash content was observed in the Vranac wine produced in 2017. Both
tested varieties had higher alcohol and total extract contents in the wine produced from the
2017 grape harvest. The VVranac wine received the highest sensory ratings (80 in 2017), while
the Cabernet Sauvignon wine received the lowest ratings (68 in 2016). Both tested varieties
had better sensory ratings during the year 2017. From the point of the quality of grapes and
wines, Vranac and Cabernet Sauvignon varieties, exhibited all the positive features and are
therefore recommended for further expansion in Trebinje vineyards area.

References

Auvray, M., Spence, C. (2008). The multisensory perception of flavor. Consciousness and
Cognition, 17, 1016-1031.

Banjanin, T., Kulina, M. (2015). Technological characteristics of black wine varieties in the
conditions of the Trebinje vineyard. Proccidings of VI International Scientific
Agriculture Symposium “Agrosym 20157, pp:119-124.

Blesi¢, M. (2006). Wine technology. Practicum, Sarajevo.

Gomez-Miguez, M.J., Cacho, J.F., Ferreira, V., Vicario, I.M., Heredia, F.J. (2007). Volatile
components of Zalema white wines. Food Chemistry, 100, 1464-1473.

Jeromel, A., Herjavec, S., Kozina, B., Maslov, L., Basi¢, M. (2007). Composition of organic
acids in grapes, must and wine of ‘Chardonnay’ clones. Agriculture Scientific and
Professional Review, 13(2): 35-40.

Jovi¢, S. (2006). Manual for making wine. Partenon. Beograd.

Liu, H.F., Wu, B.H., Fan, P.G., Xu, H.Y., Li, S.H. (2007). Inheritance of sugars and acids in
berries of grape (Vitis vinifera L.). Euphytica, 153(1): 99-107.

Mijatovi¢, D., Radojevi¢, 1., Jovanovi¢-Cvetkovié, T., Rankovi¢, V. (2009). Fertility
characteristics of the varieties Cabernet Sauvignon and Cabernet Franc in the Ni$ wine-
growing sub-region. Collection of scientific papers of the Institute of PKB
Agroeconomics,15(5), 119-126.

Milanov, G., Beleski, K., Nedelkovksi, D., Ristov, G. (2014). Effects of Different Crop Load
of Vine and Length of Maceration on Polyphenolic Content of Vranac Cultivar.
Agroznanje, 15(3), 319-328.

Navarro, M., Arozarena, I., Marin, R., Casp, A. (2002). The Use of Multivariate Statistical
Analysis in Determining the Sensory Quality of white Monovarietal Wines, Journal of
Food Quality, 25, 541-551.

Pajovi¢, R., Popovi¢, T., Boskov, K., Beleski, K. (2009). Economic and technological
characteristics of grapes of the Vranac variety and the introduced Cabernet Sauvignon
and Merlot varieties in the conditions of the Podgorica vineyard (Montenegro) and the
Skopje vineyard (Macedonia). Agricultural knowledge, 10(1), 89-96.

99



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Popovié., T., Mijovi¢, S., Pajovi¢, R. (2013). The influence of climatic factors on the level
and quality of Vranac variety in Podgorica vineyards. Agriculture and Forestry, 59 (2),
137-145.

Przi¢, Z. (2015). The influence of defoliation on the content of the most important compounds
of the aromatic and flavonoid complex in grapes and wine of grape varieties. University
of Belgrade. Doctoral dissertation.

Raicevi¢, D., Mijovic, S., Popovic, T. (2014). Influence of tannin on chemical composition
and sensory properties of VVranac wine. Agriculture and forestry, 60(2), 77.

Rektor, A., Pap, N., Kokali, Y., Szabo, R., Vatai, G., Bekassy-Molnar, E. (2004). Aplication of
membrane filtration methods for must prosessing and preservation, Desalination,
162:271-277.

Selli, S., Cabaroglu, T., Canbas, A., Erten, H., Nurgel, C., Lepoutre, J.P. (2004). Volatile
composition of red wine from cv. Kalecik Karasi grown in central Anatolia. Food
Chemistry, 85(2), 207-213.

100



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

ANALYSIS OF AGREEMENT OF RATERS DURING SENSORY ASSESSMENT OF
WINES BABICA I CRLJENJAK KASTELANSKI

Zrinka KNEZOVIC*, Zivko SKRACIC?, Danijela SKROZA®, Mara BANOVIC*

YFaculty of Agriculture and Food Technology, University of Mostar, Bosnia and Herzegovina
2Secondary School ¢“Bra¢a Radi¢”’, Put poljoprivrednika bb, 21217 Kastel Stafili¢, Croatia
*Department of Food Technology and Biotechnology, Faculty of Chemistry and Technology, University of Split,
Rudera Boskovic¢a 35, 21000 Split, Croatia
*Department of Food Engineering, Faculty of Food Technology and Biotechnology, University of Zagreb,
Pierottijeva 6, 10000 Zagreb, Croatia
*Corresponding author; zrinka.knezovic@aptf.sum.ba

Abstract

The quality of wine depends on a number of factors that can be influenced. Grapes were
processed with two different commercial pectolytic enzymes (Vinozym Vintage FCE and
Sihazym Extro) and with a standard maceration as control treatment. The sensory evaluation
of the wines produced was determined. The aim of the study was to analyze the agreement of
raters during sensory assessment of wines of two autochthonous cultivars Babica and Crljenak
kastelanski (Tribidrag). The sensory analysis of the wines was carried out using the 100 Point
Method of the O.1.V. Five evaluators with many years of experience and knowledge of the
analyzed varieties participated in the panel group that conducted the evaluation. The wines
produced with the enzymatic method showed better sensory characteristics than control. The
sensory analysis of appearance (clarity and color), smell (purity, intensity and quality), taste
(purity, intensity, shelf life and quality) and harmony/general impression, as well as the
overall evaluation, confirmed the effectiveness of the pectolytic enzymes on the sensory
characteristics of the quality of the wines from both varieties. In the evaluation of Babica, the
sample with Vinozym, left the best impression on the evaluation team. In the evaluation of
Crljenak variety, the effect of Sihazym was even more significant compared to the control
sample. The Coefficient of Concordance (W) showed high agreement of raters in the
classification of sensory evaluations. The highest values and almost complete agreement of
the assessors were obtained for intensity 0.895** and shelf life 0.968**, and for total score
0.915**,

Key words: W Coefficient of Concordance, sensory analysis, wine, Babica, Crljenjak
kastelanski.

Introduction

Numerous studies have confirmed that certain components of wine are associated with the
prevention of pathological changes in the cardiovascular system. This is especially true for the
group of polyphenols in red wines due to their antioxidant properties. Dalmatia, as a source of
numerous autochthonous red wine varieties, is an inexhaustible natural resource for the
above-mentioned compounds. The climatic and edaphic characteristics of the region for
viticulture, as well as the significant technological progress that has taken place among
winemakers in recent years, make it possible to produce wines rich in the aforementioned
compounds (Skraci¢, 2020). The quality of the future wine will be largely determined by the
characteristics of the primary raw material, but also by the technology used in winemaking
(Skroza, 2015). The tendency of growing autochthonous cultivars in ambient conditions
ensures the expression of typical characteristics (Knezovi¢ et al., 2017). Polyphenolic
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compounds are an important part of the wine constituents. Among them, anthocyanins and
tannins are compounds of exceptional importance for wine organoleptic properties, stability
and aging potential. The visual appearance of wine is described by its color and clarity, which
are among the most important attributes. These are the characteristics that the consumer sees
first and are crucial for the first impression of the wine. Since the nineties of the last century,
the oenological practice of using pectolytic enzymes to increase the color of wine has become
widespread, so that the activity of enzymes is also focused on the extraction of color
substances. Although, according to previous practice, they were used for clarification and
removal of turbidity, they showed a positive effect on increase of color intensity and on the
extraction of phenolic constituents (lzcara et al., 2001; Zietsman et al., 2015). Most
polyphenolic compounds are located in the skin of the berry, from where they are extracted
into must (Jackson, 2014; Mattivi et al. 2006). Optimal selection of winemaking conditions
contributes to better extraction of polyphenols and other compounds from the skin, which
improves the sensory, biochemical, and commercial properties of the wine (Skroza et al.,
2014). Commercial enzyme preparations such as pectolytic enzymes destroy the pectin
structure of the cell walls of the berry, contributing to the success of extraction.

The quality of wine implies a natural and harmonious analytical and sensory composition of
wine that optimally affects the senses and human health, transcending preferences and
personal tastes (Knezovi¢ et al., 2018). To eliminate the subjective, emotional approach, the
sensory evaluation of wine should be analytical, objective, and reasonable. Evaluators
entrusted with wine quality analysis should have subjective qualities (healthy and developed
senses) complemented by familiarity with tasting techniques and organoleptic characteristics
of specific wine types (Soki¢, 2019). Top tasters are able to register a large number of
impressions gained by tasting different types of wine and recognize wines of different
varieties and different geographical origins. Experience is one of the most important qualities
of a good taster. When analysing the quality of classifications and ratings, the main concern is
consistency and agreement of results between raters as the most important measure of the
quality of the rating.

In this paper, commercial enzyme preparations (Vinozym Vintage FCE and Sihazym Extro)
were used for the preparation of wine from the autochthonous varieties Babica and Crljenak
Kastelanski, Kastela - Trogir. The effects on color characteristics and sensory quality of the
produced wines were monitored. The objective of this paper is to show the measure of
agreement between the ranks of the sensory properties of the wine by five evaluators using
Kendall's Coefficient of Concordance (W).

Material and Methods

The paper investigates the influence of commercial pectolytic enzymes on the extraction of
phenolic components of autochthonous varieties Babica and Crljenak Kastelanski (Tribidrag)
from vineyards of Kastela - Trogir. After grape processing, a standard maceration was carried
out as a control treatment, and two additional treatments with commercial pectolytic enzymes
(Vinozym Vintage FCE and Sihazym Extro). The winemaking was carried out on a semi-
industrial scale. The sensory characteristics of the produced wines were determined. All the
mentioned parameters were determined using standardized and internationally recognized
analytical methods (Soki¢, 2019). The evaluation of the sensory quality of the wine was
carried out using the 100 positive points method adopted from the O.1.V., Rulebook on
organoleptic (sensory) evaluation of must and wine (2004-2015) (Official Gazette 106/04,
137/12, 142/13, 48/14, 1/15). The OIV method uses four predefined sensory categories that
are applicable to all types of wines, thus allowing a distinction between high and low quality
(Guld et al., 2019). Five evaluators with many years of experience participated in the panel
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group that performed the evaluation with experience and knowledge of Babica and Crljenak
Kastelanski varieties. The data are from the PhD thesis Skraci¢, 2020. The results of sensory
analysis are given as arithmetic averages (Knezovi¢, 2019). The final score of the sample is
the average value of all five evaluators who participated in the evaluation. The produced
wines were evaluated after the second rack, analyzing the smell (purity, intensity and quality);
taste (purity, intensity, durability and quality); appearance (clarity and color) and
harmony/general impression. Kendall's Coefficient of Concordance — W (Horvat and Ivezic,
2005) was calculated as a measure of agreement between evaluators. The Coefficient of
Concordance is a number between 0 and 1, which indicates the agreement between expert
opinions in the classification of properties. The closer this value is to 0, the lower the
agreement. If the value of this coefficient is less than 0.3, the expert opinions are considered
to be inconsistent. If the value of the coefficient is in the range of 0.3 to 0.7, the agreement is
considered average. When the value is greater than 0.7, the agreement is considered high. The
obtained research data were processed with the statistical program SPSS 20.

Results and Discussion

Sensory analysis confirmed the effectiveness of the application of pectolytic enzymes in
wines of the Babica variety, and even more so in the wines of the Crljenak kaStelanski variety
(Table 1). The tasting took place two weeks after the second racking, i. e. with relatively
young wines. Even with such a young wine, the samples treated with pectolytic enzymes
show changes that differ significantly from the control samples. This is especially true for the
treatment of Crljenak with Sihazym Extro, which with a mean value of 85.4 exceeded the
control sample by five points (80.4). In Babica, the sample treated with Vinozyme Vintage
FCE the highest with 75.6), three points more than the control sample (72.6) and 2.2 points
more than the sample treated with Sihazyme Extro (73.8). Thus, as in most sensory studies of
the effect of pectolytic enzymes on the organoleptic properties of wine, the positive influence
of the enzymatic treatments on the characteristics of the wine for the final consumer is not in
question, and this paper does not differ from numerous studies of this type (Kelebek et al.,
2007; Gambuitti et al., 2007; Guadelupe et al., 2007). It is important at what stage of wine
ageing the sensory analysis was performed. Bautista - Ortin et al. (2005), without giving the
trade names of the enzyme preparations, give the chemical composition of enzyme E1
contains hemicellulase as secondary activity in addition to a highly concentrated pectinase
activity (similar to Sihazym Extro), and enzyme E2, which contains hemicellulase and
cellulase as secondary activities in addition to pectinase, and is thus almost identical to
Vinozyme Vintage FCE.

The authors note that the wines of the Monastrell variety treated with the E1 enzyme have
visual and olfactory characteristics close to those of the control sample. As for the taste
characteristics, they are drier, astringent, bitter and have a noticeable herbaceous character.
Wines of the same variety treated with enzyme E2 have a lower percentage of herbaceous
notes, less astringency, better roundness and balance. Thus, the advantages of enzyme E2,
similar in composition to Vinozyme, are more noticeable sensorially in Babica compared to
the control sample, while in Crljenak the sensory analysis is on the side of Sihazym, similar in
composition similar to enzyme E1 from the above-mentioned experiment with Monastrella.
From the above, it is clear that the issue of organoleptic "bonification” of must with pectolytic
enzymes is very complex (Skroza et al., 2017). There is no one — size - fits all recipe for all
varieties because, first of all, differences in the structure and composition of the cell wall
depend on the variety (Romero — Cascales et al., 2005). The differences in the oligosaccharide
composition of cell structures are very large even in the same variety, considering the
"terroir", especially if it is a cell wall (Apolinar - Valiente et al., 2014). The effect of
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polyphenol extraction, so important for the organoleptic profile of the wine, depends on the
molecular size and type of polyphenols, the duration and temperature of the extraction
process, the concentration gradient, the permeability of the wall, the composition of the
extraction medium (e. g. the ethanol concentration), and the ratio of the extraction area and
the concentration gradient (Gao et al., 2019).

Table 1. The results of sensory evaluation of individual sensory properties of wines

Sensory property BABICA CRLJENAK KASTELANSKI
(max. grade) a) b) C) a) b) C)
APPEAR | Clarity (5) 3.6 3.6 3.6 4.4 4.4 48
ANCE Color (10) 7.6 6.8 7.6 8 8.4 8
SMELL Purity (6) 4.4 4.8 4.6 4.2 5.2 6
Intensity (8) 6 4.8 6.2 7.2 6.6 6.4
Quality (16) 12 12 12 12 12.8 13.2
TASTE Purity (6) 3.8 5.2 4 4 4.4 48
Intensity (8) 6 7 4.8 7.4 7.2 7
Shelf life (8) 5.2 7 5.8 6.4 7.6 8
Quality (22) 16 16 16 17.2 16 17.2
HARMONY/GENERAL 8 8.4 9.2 9.6 10 10
IMPRESSION (11)
Total score (100) 72.6 75.6 73.8 80.4 82.6 85.4

a) without enzyme additives; b) with the addition of the enzyme Vinozym Vintage FCE and c¢) with the
addition of the enzyme Sihazym Extro.

Table 2. The results of mutual agreement between evaluators of vines

Mutual Significance
Sensory property agreement of p agreement of
evaluators (W) evaluators
Clarity 0.573 0.014 *
APPEARANCE | Color 0.242 0.300 n.s.
Purity 0.711 0.003 **
Intensity 0.612 0.009 **
SMELL Quality 0.461 0.042 *
Purity 0.639 0.007 xx
Intensity 0.895 0.000 *x
Shelf life 0.868 0.001 **
TASTE Quiality 0.356 0.114 n.s.
HARMONY/GENERAL
IMPRESSION 0.740 0.002 *x
In total 0.915 0.000 *x

** Correlation is significant at the 0.01 level

Table 2. shows the values and significance of mutual agreement between five evaluators.
Kendall's Coefficient of Concordance showed high agreement among the evaluators in
ranking the sensory ratings. The highest ratings and almost complete agreement were
recorded for intensity 0.895** and shelf life 0.868** (Taste), and for overall rating 0.915**.
A slightly weaker but still high agreement was recorded for harmony/general impression
0.740**, and purity for fragrance 0.711**. Average agreement was recorded for most of the

other properties.
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Conclusions

Most polyphenolic compounds are found in the skin of the berry, from which they are
extracted into must. Commercial enzyme preparations such as pectolytic enzymes destroy the
pectin structure of the berry cell walls, contributing to the success of polyphenol extraction.
Sensory analysis confirmed the effectiveness of pectolytic enzymes on the sensory
characteristics of the quality of wines from both varieties. In the evaluation of Babica, the
sample with Vinozym and then with Sihazym left the best impression on the evaluation team.
In the evaluation of the Crljenak variety, the effect of Sihazym is even more significant
compared to the control sample, but even the sample with Vinozym is not rated worse than
the wine produced according to standard procedure.

Kendall's Coefficient of Concordance (W) indicated high agreement of evaluators in ranking
sensory scores. The highest values and almost complete agreement between the evaluators
were found for intensity and persistence of flavor, as well as for the overall rating.
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Abstract

Chamomile is well-known and a highly favoured medicinal plant species in pharmacy and
traditional medicine, having therapeutic and cosmetic values and uses. It is a low-demanding
species that tolerates drought and salinity, and is successfully grown in Serbia, on
approximately 350 - 400 ha. Before the pandemic, during the five-year period 2015-2019, the
export of chamomile did not change significantly over the years, and the average amount of
exported chamomile was 262.4 metric tons with an average value of 1.02 M USD. However,
the COVID-19 pandemic influenced the production and consumption of many plants
worldwide, and the increase in the export of chamomile was recorded for the pandemic years
(2020-2022), when the average amount of exported chamomile reached 314.6 metric tons
with an average value of 1.25 M USD. However, the import of chamomile also increased
during the pandemic. The average amount of imported chamomile was 35.5 metric tons with
an average value of 0.23 M USD during the five years period before the pandemic, but during
the pandemic, the average amount of imported chamomile was 67.3 metric tons with an
average value of 0.44 M USD. The obtained data suggest that there is a need for chamomile in
Serbia and that chamomile production should expand. It is important to implement measures
with the aim to improve the technology of chamomile production, including the harvesting
and drying process, in order to increase profit and make chamomile production economically
justified. In that way, chamomile production will increase in Serbia.

Keywords: chamomile production, chamomile trade, medicinal plants market, aromatic
plants.

Introduction

Chamomile is well-known and a highly favoured medicinal plant species in pharmacy and
traditional medicine and is a component of numerous commercial products. Medicinal
properties of chamomile mostly include antiseptic and anti-inflammatory application on the
skin or mucous membranes of the respiratory organs, digestive organs, or urogenital system
(Radovanovi¢ et al., 2023; Mateji¢ et al., 2020). Besides therapeutic use, chamomile has also
a cosmetic use. In Serbia, chamomile is collected from natural habitats, but most frequently it
is successfully cultivated on approximately 350 - 400 ha for both domestic and foreign
markets. It is a low-demanding species that tolerates drought and salinity, growing on less
fertile soils, and it is often an important part in crop rotation because it can be intercropped,
besides being grown as monoculture (Adamovi¢-Brdar et al., 2019; Daji¢ Stevanovi¢, 2011).

Chamomile is an important medicinal crop, not only in Serbia but also worldwide and
demand for chamomile extract is increasing, according to the Research Reports World (2023).
During the past four years, prophylactic measures during the Covid-19 pandemic, such as
social isolation and lockdowns were conducted in the majority of countries, having an impact
also on the economy with the changes in consumption and production system, besides
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income-generating activities were reduced, commercial establishments were temporarily
closed and the unemployment increased in some sectors (Clair et al., 2021; Lioutas and
Charatsari, 2021). All these measures also influenced the production, export and import of
some crops (Markovi¢, 2022a,b; Wenguang et al., 2022; Hayakawa and Mukunoki, 2021;
Mouratidou et al., 2021).

Taking into account the importance of chamomile production and the fact that chamomile
production should be increased in Serbia (Adamovi¢-Brdar et al. 2019; Daji¢ Stevanovic¢
2011), there is a need to determine how the pandemic influenced the export and import of
chamomile in Serbia and to estimate current possibilities for the export of chamomile.

Material and Methods

The official statistical databases of Serbia were used in this research. The data on the export
and import of chamomile given in tons and USD, were obtained from the databases of the
Republic Bureau of Statistics (https://data.stat.gov.rs/?caller=SDDB), for the period 2015-
2022. The trend analysis was used to calculate trends for the years 2020 and 2021 in order to
determine expected changes in export and imports based on five-year data (2015-2019)
collected before the pandemic and to compare obtained data with real data collected for the
pandemic years 2020 and 2021. Microsoft Excel 2007 was used for trend analysis. Also, in
order to obtain more accurate data, the chamomile trade in Serbia during the pandemic years
(2020 and 2021) was compared to the average data for the five-year period before the
pandemic (2015-2019).

Results and Discussion

The data for the export and import of chamomile to the European Union (as a market with the
largest share in the export or import in Serbia) and world markets are presented in Tables 1
and 2. In 2019, the export of chamomile dropped significantly compared to the previous 3
years, from 304-322 tons to 159 tons (Table 1). Afterwards, it considerably increased
considerably during the pandemic years to even 362.3 tons in 2021 and 368.5 in 2022, which
is much higher than estimated by trend analysis. However, the price of chamomile dropped
from 4.48 thousand USD/ton in 2020 to 3.75 thousand USD/ton in 2021 and 3.87 thousand
USD/ton in 2022. However, the price estimated by trend analysis was almost the same for
2020 (4.44 thousand USD/ton) and much higher for the following years (5.27 thousand
USD/ton in 2021 and 6.19 thousand USD/ton in 2021). For that reason, we can conclude that
the pandemic did not cause a decrease in export, but it did cause a drop in the price of
chamomile.

Table 1. Export of chamomile from Serbia during 2015-2022.

European Union World World
Year t uUsD* |t UsD* |t USD*
2015 1812|5314 | 217.9 856.2
2016 2179 | 6469 | 3045 10811 | |
2017 270 8248 | 308.7 11318 | ;ggagﬁ values
2018 2442 8979 | 322.0 13154 | 5015 2019 data
2019 905 3552 | 159.0 742.6
2015-19% 2008 | 6512 | 2624 1015.4
2020 1288 | 5185 | 2131 9555 |232.3 | 10325
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2021

287.5

926.8

362.3

1361.5

177.1

934.8

2022

294.1

910.0

368.5

1425.3

133.9

828.4

*Note: The value is given in thousands of USD; 2015-19 presents the average value for the
five-year period.

Similarly, the import of chamomile also increased in the pandemic years (Table 2) and it was
much higher than estimated by trend analysis. The price of imported chamomile ranged from
6.02 thousand USD/ton in 2020 to 6.83 thousand USD/ton in 2022 and it was higher than the
price of exported chamomile and higher than prices estimated by trend analysis (4.52 — 5.21
thousand USD/ton). Nevertheless, this price is still lower than in the years 2015-2019, when
prices ranged from 4.53 to 10.11 thousand USD/ton.

Table 2. Import of chamomile to Serbia during 2015-2022.

European Union World World
vear t USD* t usD* |t USD*
2015 411 194.4 443 209.5
2016 27.9 144.9 315 183.4 etimated |
2017 195 179.7 28.1 2505 b;;'ergacfﬁ vajues
2018 16.9 140 23.0 231.6 2015.2019 data
2019 46.3 223 50.9 290.4
2015-19* | 30.3 176.4 355 233.1
2020 71.0 4174 78.0 469.4 36.9 192.1
2021 52.4 320.4 59.6 399.8 44.2 2172
2022 62.6 412.2 64.3 439.1 50.5 228.6

*Note: The value is given in thousands USD; 2015-19 presents the average value for the five-
year period.

The changes in the chamomile market can be caused by many factors, besides the pandemic
(Lioutas and Charatsari, 2021). The increase in the amount of exported chamomile at lower
prices can suggest that the global price dropped, but also that the quality of exported plants
was lower leading to a lower price per metric ton. Similarly, chamomile was also imported in
large amounts during the observed period, at a higher price than the price of exported
chamomile. It is evident that there is a need for chamomile on Serbian market and that
chamomile production should expand. It is important to implement measures with the aim to
improve the technology of chamomile production, including the harvesting and drying
process, in order to increase profit and make chamomile production economically justified.
The appropriate research should be conducted in order to establish good agricultural practice
with the precise, site specific use of agro-chemicals and fertilizers in high value chamomile
production, with minimum impact on ecosystems (Ghareeb et al. 2022; Chauhan et al. 2021;
Upadhyay et al. 2016).
Conclusions

The pandemic considerably influenced the agriculture sector worldwide, including the
production and distribution of chamomile. Besides, the demand for chamomile and other
medicinal plants were increasing in recent years. The production of chamomile has great
potential in Serbia due to favourable conditions. During the pandemic years, the export of
chamomile increased, but the price was lower, which can be caused by changes in prices on
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the global market, but also by lower quality of exported chamomile. For this reason, it is
important to work on improving chamomile production in Serbia, thus increasing
competitiveness on international markets. Besides, there is a need for chamomile in Serbia,
and increasing production of high-quality chamomile can lower the need for imports of this
medicinal plant.
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Abstract

‘Arta Kiwifruit’ is a green flesh kiwifruit cultivar, selected as a spontaneous clone in a
‘Hayward’ orchard, due to its desirable phenotypical differences. An experimental orchard
was established where both ‘Arta Kiwifruit’ and ‘Hayward’ plants were grown under the
same pedoclimatic conditions and cultural management. When the plants entered the
productive phase, both ‘Arta Kiwifruit’ and ‘Hayward’ genotypes were phenotypically
described based on UPOV guidelines for the conduct of tests for distinctness, uniformity, and
stability. Shoots, leaves, flowers, and fruits were used for the description. At the same time,
ISSR markers were used to assess possible genetic differences using leaf material. A total of
five ISSR markers were used, i.e. UBC-808, UBC-815, UBC-818, UBC-825,and UBC-850.
Based on UPQOV guidelines the ‘Arta Kiwifruit’ presented significant differences compared to
‘Hayward’ regarding the density of hair of young shoots, shoot coloration, the coloration of
the petiole upper side, the fruit weight, length, shape, and stylar end, the shape of the shoulder
at the stalk end of the fruit, the length of stalk relative to the length of fruit, the width of fruit
core relative to fruit, the fruit sweetness, the time of flowering beginning and the time of
maturity. Regarding the molecular analyses, it was found that by the use of UBC-850 and
UBC-825 ISSR markers the ‘Arta Kiwifruit’ could be distinguished from ‘Hayward’,
ascertaining thus the phenotypic differences determined. Further analyses are needed to
examine other physiological, organoleptic, and phytochemical differences as well as to assess
the storability of ‘Arta Kiwifruit’ fruits.

Keywords:ISSR markers, Molecular analysis, Phenotypic description, UPOV.
Introduction

Kiwifruit is a commercially important fruit crop known for its unique flavor, high nutritional
value, and health benefits (Yang et al., 2020). As a result, kiwifruit cultivation and production
have been increasing, with China, Italy, New Zealand, and Greece being some of the main
global producers. Kiwifruits include green, gold, or red flesh cultivars, with the green-fleshed
‘Hayward’cultivar being one of the most widely cultivated worldwide.

Numerous elite cultivars have been developed and released, with high-cost breeding projects
conducted by both public institutes and private companies, whereas interesting genotypes can
be selected in farm by the farmers.Traditional and modern methods have been developed to
differentiate kiwifruit cultivars. Traditional methods involve assessing morphological and
biochemical traits such as fruit shape, size, color, chemical composition, and flowering time
(Li et al., 2021). Mavromatis et al. (2010) differentiated two kiwifruit cultivars based on
morphological characteristics such as fruit weight, length, and diameter, while Lee et al.
(2015) and Latocha et al. (2023) used biochemical markers such as total phenolic content and
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antioxidant activity. However, these methods have limitations in accuracy and can be
influenced by environmental factors. Consequently, the use of molecular markers to
differentiate kiwifruit cultivars based on their genetic profiles (Mavromatis et al., 2010) has
become increasingly popular due to their high accuracy, reproducibility, and independence
from environmental factors. Molecular markers such as Simple Sequence Repeats (SSR),
Random Amplified Polymorphic DNA (RAPD), and Inter-Simple Sequence Repeat (ISSR)
have been widely employed (Huang et al., 1998; Palombi and Damiano, 2002; Huang et al.,
2002; Chen et al., 2015; Zhou et al., 2008). Among these types, ISSRs have gained popularity
for their high level of polymorphism, reproducibility, and cost-effectiveness in identifying
and classifying kiwifruit cultivars (Chen et al., 2015; Zhou et al., 2008).

The objective of the present study was to examine the genetic relationship between the
extensively cultivated ‘Hayward’ cultivar and the under-evaluation Greek kiwifruit selection
‘Arta Kiwifruit’, utilizing molecular markers and phenotypical description characteristics
according to UPOV.

Materials and Methods

1. Study site, plant material, and experimental design

The research was carried out in Arta, Epirus region,Western Greece. The plant material
utilized in the study consisted of fully grown vines of the ‘Hayward’ cultivar and a clonal
selection of ‘Hayward’ known as ‘Arta Kiwifruit’, which was recommended by the farmer
Mrs. Xylogianni Evanthia (Arta, Greece). The plants were propagated from cuttings and
cultivated in an open field. The study took place in a 4 hectaresgrower-managed orchard,
where kiwifruit production was observed for two consecutive growing seasons. Both
kiwifruitgenotypeswere trained having a trunk height of 1.8 m underthe pergola system, with
a planting distance of 2.0 x 4.0 m. The cultivation practices i.e. irrigation, fertilization,
pruning, weeding, and the application of plant protection products, were consistent for all
vines in the orchard.

The experiment followed a completely randomized design, with five replications of two vines
per genotype. In total, 20 plants were used, 10 plants for each genotype.

2. Phenotypical description
The description of the ‘Arta Kiwifruit’ genotype was derived from an analysis of its
characteristics, as outlined in the key morphological traits for kiwifruit according to UPOV.
For this purpose, a comparison was made between 10 vines of the ‘Arta Kiwifruit’ and 10
vines of the ‘Hayward’ cultivar. The kiwifruit genotypes were evaluated (described and/or
measured) for characteristics related to the plant, shoots, leaves, flowering, flowers, and fruit.

3. Molecular characterization of kiwifruit genotypes

Healthy, undamaged leaves from ‘Hayward’ and ‘Arta Kiwifruit’ vines were sampled during
mid-June, frozen instantly in liquid nitrogen, and transferred to the laboratory for genetic
analysis. The leaf samples were ground into a powder using a mortar, pestle, and liquid
nitrogen. DNA was extracted from 100 mg of leaf tissue using the NucleoSpin Plant 1l Kit
(Macherey-Nagel, Germany) (Anonymous, 1). The extracted DNA was checked for quality
and quantity using a NanoDrop microvolume spectrophotometer.

For genome screening, 13 ISSR primer sets were used: UBC 808, 815, 818, 825 and 850
(Table 1). The PCR reaction solution was the same for all the primer sets and contained 1X
KapaTaq buffer, 5 uM MgCl2, 0.3 pM dNTPs, 0.3 uM primer, and lunit Taq polymerase.
PCR parameters to amplify the genomic DNA are presented in Table 2, whereas the annealing
temperatures for each primer are presented in Table 3. PCR products were separated on a 2%
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agarose gel. The differences between the two genotypes were visually highlighted due to the
small number of genotypes examined.

Table 1. ISSR sequences Table 2. PCR parameters
ISSR Sequence Temperature Time
UBC- 5'-AGAGAGAGAGAGAGAGG- 94°C 4 min
808 3 94°C 30 sec 37
UBC- . . At Table 3 1 min
815 5-CTCTCTCTCTCTCTCTG-3 290C 5 min cycles
- 0 1
P 5-CACACACACACACACAG3 —2C 7 min
D 5-ACACACACACACACACT-3

UBC- S-GTGTGTGTGTGTGTGTYC-
850 3'

Abbreviations: Y= C+T (pyrimidines)

Table 3. Annealing temperatures (T °C) of primers selected.

UBCprimer | 808 815 818 825 850

T (°C) 50 45 45 50 45

Results and Discussion

Both genotypes, ‘Hayward’ and ‘Arta Kiwifruit’ are female kiwifruits with no self-
fertilization capability and of moderate vigor. One characteristic in which they differ is the
density of trichomes on the new shoot, where the clone exhibits sporadic, sparse trichomes.
Additionally, while the coloration of the growing tip in ‘Hayward’ is intense, in the ‘Arta
Kiwifruit’it is moderate. Another difference is noted regarding the coloration of the upper side
of the leaf petiole, which is intense in ‘Hayward’ and moderate in ‘Arta Kiwifruit’. No other
differences were observed regarding leaf characteristics, while several differences were
noticed in fruit-related traits.

The fruit weight and length are greater in the ‘Arta Kiwifruit’ than that of ‘Hayward’ (Figure
1). Both genotypes do not differ in terms of fruit diameter, resulting in a higher length-to-
diameter ratio in the ‘Arta Kiwifruit’, giving it a more elongated shape compared to the more
elliptical shape of ‘Hayward’. Additionally, there are differences in the position opposite the
pedicel, where the fruits of ‘Hayward’ display a broader point compared to the fruits of the
‘Arta Kiwifruit’. Similarly, ‘Hayward’ exhibited a slightly inclined pedicel attachment point,
while ‘Arta Kiwifruit’ has a smoother and broader attachment point. The pedicel of
‘Hayward’ is also larger compared to ‘Arta Kiwifruit’, while the width of the fruit core is
significantly greater in ‘Arta Kiwifruit’. Based on the total soluble solids measured, the fruit
of ‘Hayward’ is characterized as slightly sweet, while ‘Arta Kiwifruit’ fruit is less sweet.
Furthermore, regarding the flowering period, it appears that ‘Arta Kiwifruit’ blooms slightly
later than ‘Hayward’, and the same applies to the ripening period (according to the
concentration of total soluble solids measured at harvest). Therefore, some morphological
differences are observed between ‘Hayward’ and the examined genotype.
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Figure 1. Kiwifruits of A) ‘Hayward’ cultivar and B) ‘Arta Kiwifruit’.

The extracted DNA exhibited sufficient quality and quantity for genetic analysis. In Tables 1,
2 and 3, the electrophoresis results of the PCR products are presented. The framed figures and
arrows highlight the observed genetic differences between the two genotypes. The two
genotypes, 1.e., ‘Hayward’ cultivar and the Greek genotype ‘Arta Kiwifruit’, were
distinguished by UBC-825and UBC-850 ISSR markers. Different amplification bands were
observed between the two genotypes, as indicated by the electrophoresis results (Figure2 and
3).

Figure 2. ISSR banding profile generated by UBC-850, UBC-815 and UBC-818. The red
frame shows the genetic differences between the two genotypes concerning the presence of
amplification bands. L;: Ladder 3000 bp; L,: 1500 bp; 1: ‘Arta Kiwifruit’; 2: ‘Hayward’
cultivar.
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Figure 3. ISSR banding profile generated by UBC-808 and UBC-825. The red frame shows
the genetic differences between the two genotypes concerning the presence of amplification
bands. L;: Ladder 3000 bp; L,: 1500 bp; 1: ‘Arta Kiwifruit’; 2: ‘Hayward’ cultivar.

The findings of the present study indicate that the new genotype exhibits a distinct genetic
profile compared to the widely cultivated ‘Hayward’cultivar. Furthermore, notable variations
in morphological parameters, particularly in fruit size and shape, were also observed. The
identification of this new kiwifruit genotype holds significant implications for Kkiwifruit
breeding and production. The larger fruit size of ‘Arta Kiwifruit’ could be particularly
appealing to both growers and consumers, offering a competitive edge in the market.
Moreover, the utilization of ISSR markers in kiwifruit breeding could facilitate the
development of new cultivars with desirable traits, such as enhanced flavor, disease
resistance, and extended shelf life.

Conclusions

In summary, this study successfully distinguished the Greek Kiwifruit selection ‘Arta
Kiwifruit” from the ‘Hayward’ using ISSR molecular markers and UPOV morphological
parameters. The identification of this new genotype holds substantial implications for both the
local and international Kiwifruit industry, potentially paving the way for the development of
new cultivars that incorporate improved traits in breeding programs.
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Abstract

This study aimed to assess and compare the effectiveness of the Smith-Hazel classic index
with the modern ideotype-design index (FAI-BLUP) and multi-trait genotype-ideotype
distance index (MGIDI) for selecting superior winter barley genotypes. A total of 40 barley
genotypes from ICARDA, along with three local check varieties, were evaluated in a
randomized complete block design with three replications at the Institute of Agriculture —
Karnobat, Bulgaria. Key traits such as spike length, spikelet number in spike, grain number in
spike, grain weight per spike, 1000-grain weight, and grain yield were examined. The results
revealed that multi-trait selection indices hold promise for enhancing genetic gain in winter
barley breeding programs. However, the Smith-Hazel selection index demonstrated higher
genetic gains compared to the MGIDI and FAI-BLUP indices. This finding suggests that the
Smith-Hazel index effectively prioritizes specific traits, leading to greater overall genetic
improvement. The genotypes G21, G32, G38, G35, and G20 selected based on the three
different indices demonstrated desirable trait combinations and have the potential for further
evaluation and advancement in the winter barley breeding programs.

Keywords: multi-trait selection, Smith-Hazel index, FAI-BLUP, MGIDI, genetic gain.
Introduction

Winter barley (Hordeum vulgare L.) is an important cereal crop widely cultivated in various
regions of Bulgaria. It serves as a valuable feed grain for livestock and plays a vital role in
food security and agro-industries. The continuous demand for improved barley genotypes
with enhanced yield potential, better grain quality, and improved adaptation to changing
environmental conditions necessitates the implementation of efficient breeding strategies.
Therefore, there is a growing need to explore and adopt advanced selection methods to
accelerate genetic gain in barley breeding programs. Selection indices have emerged as
valuable tools for optimizing the selection process by integrating multiple traits into a single
numerical value. These indices enable breeders to prioritize genotypes based on their overall
performance, considering the complex interplay of various important traits. The Smith-Hazel
classic index has been widely used in plant breeding, providing a quantitative measure of the
relative importance of each trait in the selection process (Jahufer and Casler, 2015). The
concept behind employing the Smith-Hazel index involves determining the genetic value of
an individual by calculating a linear function of the genetic values of several traits, each
assigned a specific relative economic value (Baker, 1974). The index offers the benefit of
incorporating data on heritability, trait correlations, and potentially economic significance (if
applicable) (Cotterill and Dean, 1990).

However, with advancements in statistical methodologies, alternative selection indices have
been developed to enhance breeding efficiency. Two such modern selection indices that have
gained attention in barley breeding are the ideotype-design index based on best linear
unbiased prediction (FAI-BLUP) and the multi-trait genotype-ideotype distance index
(MGIDI).
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The FAI-BLUP methodology (Rocha et al., 2018) offers several advantages over other
selection indexes. One notable advantage is its utilization of predicted genetic effects. This
approach was specifically developed for creating a multi-trait index for breeding elephant
grass for bioenergy (Rocha et al., 2018). Moreover, it has been recently applied in evaluating
lines and hybrids of biomass sorghum (da Silva et al., 2018), as well as selecting superior
progenies of common bean (Rocha et al., 2019). The key strengths of FAI-BLUP include
equal weighting of all traits and the ability to simultaneously select genotypes that closely
match the ideotype through a multi-trait approach.

The MGIDI index was initially developed to facilitate the selection of genotypes in plant
breeding by considering information from multiple traits (Olivoto et al., 2022). Its
effectiveness has been demonstrated through its successful application in identifying and
choosing superior genotypes (Olivoto and Nardino, 2021; Uddin et al., 2021; Leon et al.,
2021; Pour-Aboughadareh et al., 2021). The MGIDI index allows a unique and easy-to-
interpret selection process. In addition to addressing the issue of collinear traits, the MGIDI
index doesn’t require the use of any economic weights, providing more balanced gains. This
means that the MGIDI index can help breeders to guarantee long-term gains in primary traits
(e.g., grain yield) without jeopardizing genetic gains of secondary traits (e.g., plant height)
(Olivoto and Nardino, 2021).

The aim of the present study was to assess and compare the effectiveness of the Smith-Hazel
classic index with the modern ideotype-design index (FAI-BLUP) and multi-trait genotype-
ideotype distance index (MGIDI) for selecting superior winter barley genotypes.

Material and Methods

In this study, a total of forty breeding lines of 6-rowed winter barley from the International
Winter Barley Yield Trials (IBYT-W) and Observation Nurseries (IBON-W) of ICARDA,
labeled from G1 to G40, were tested. Additionally, three Bulgarian 6-rowed varieties, namely
Veslets (G41), Bojin (G42), and Zemela (G43), were included.

The study was conducted during 2020/2021 growing season at the experimental field of the
Institute of Agriculture - Karnobat, Southeastern Bulgaria (42°39' N, 26°59' E). The soil of
the experimental field was slightly acid (pH is 6.2) Pellic Vertisol. The experiments were
organized in a Complete Randomize Block Design with 3 replications on plots of 10 m? with
sowing rate 450 seeds/m® During the growing season, standard plant protection practices
were used.

The total precipitation received during the vegetation period was 447.8 mm, which was close
to the long-term average precipitation of the region (424.6 mm). The average temperature
during the growing season was slightly higher than the long-term average temperature.

The traits, spike length (SL, cm), spikelet number per spike (SNS), grain number per spike
(GNS), grain weight per spike (GWS, g) were measured on 20 randomly selected plants in
each replication of each genotype. Grain yield (GY, t/ha) and 1000- grain weight (TGW, g)
were determined on plot basis.

The multi-trait selection indexes utilized in this study were computed using the R package
"metan" (Olivoto and Lucio, 2020). These indexes included the Smith-Hazel index (SH)
(Smith 1936; Hazel 1943), the multitrait index based on factor analysis and ideotype-design
(FAI-BLUP) (Rocha et al., 2019), and the multi-trait genotype-ideotype distance index
(MGIDI) (Olivoto and Nardino, 2021).

For each trait, the predicted genetic gain SG (%), obtained with the selection index at 20%
selection intensity was calculated as followed:

(Xs — Xo) x h?
SG(%) = e x100
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where Xs is the mean of the selected genotypes, Xo is the mean of the original population
and h? is the broad-seanse heritability.

Results and Discussion

The selection of superior winter barley genotypes is crucial for the success of breeding
programs aimed at improving yield potential and overall performance. In this study, three
different selection indices, namely the multi-trait genotype-ideotype distance index (MGIDI),
the ideotype-design index based on best linear unbiased prediction (FAI-BLUP), and the
Smith-Hazel (SH) selection index, were employed to identify promising genotypes.

Of the 43 genotypes evaluated, the MGIDI index identified genotypes G38, G21, G22, G35,
G32, G18, G4, G37, and G20 as high performing genotypes for multiple traits (Figure 1). The
MGIDI index prioritizes genotypes that exhibit a favorable distance from the ideotype while
considering multiple traits simultaneously. Therefore, it can be inferred that the selected
genotypes demonstrated strong performance in terms of the evaluated traits, including spike
length, spikelet number per spike, grain number per spike, grain weight per spike, 1000-grain
weight, and grain yield.
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Figure 1. Genotypes ranking based on the MGIDI index.

Similarly, the FAI-BLUP index, which utilizes best linear unbiased prediction, selected
genotypes G38, G21, G35, G22, G32, G18, G4, G20, and G16 (Figure 2). These genotypes
exhibit favorable estimated breeding values across the assessed traits, highlighting their
potential for improved performance in terms of grain yield and other agronomic
characteristics.

On the other hand, the genotypes selected based on the Smith-Hazel selection index, namely
G21, G32, G38, G35, G11, and G20, were chosen primarily based on their performance
relative to the average performance of the population (Figure 3).

Overall, the overlap in genotypes selected by the three indices, particularly G21, G32, G38,
G35, and G20, indicates their strong potential for further breeding efforts. These genotypes
consistently demonstrate desirable characteristics and have the potential to contribute to
genetic gain in winter barley breeding programs.

Based on the MGIDI index, the following genotypes were selected: G38, G21, G22, G35,
G32, G18, G4, G37, and G20. These genotypes displayed favorable performance across
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multiple traits evaluated in this study, including spike morphology, grain yield, and grain
weight. The selection based on the MGIDI index suggests that these genotypes possess
desirable trait combinations, potentially contributing to enhanced genetic gain in winter barley
breeding programs.
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Figure 2. Genotypes ranking based on the FAI-BLUP index.
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Figure 3. Genotypes ranking based on the SH index.

Overall, the findings of this study demonstrate the effectiveness of different selection indices
in identifying superior winter barley genotypes. The use of multi-trait selection indices such
as MGIDI and FAI-BLUP offers advantages in capturing the complex relationships among
traits and maximizing genetic gain. However, it is worth noting that the specific genotypes
selected may vary depending on the index utilized, highlighting the importance of carefully
considering the breeding objectives and trait preferences when applying selection indices.

The selected genotypes identified in this study, including G38, G21, G35, G22, G32, G18,
G4, G20, G16, and G11, hold great potential for further evaluation and advancement in winter
barley breeding programs. By incorporating these genotypes into subsequent breeding cycles,
breeders can capitalize on their desirable traits and work towards developing high-yielding
barley cultivars.
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It is important to note that while the selection indices provide valuable guidance for genotype
selection, additional considerations such as environmental adaptation, disease resistance, and
grain quality traits should also be taken into account when making final breeding decisions.
The findings of this study highlight the effectiveness of different selection indices in
identifying superior winter barley genotypes and provide insights for breeders in their efforts
to develop improved varieties with enhanced agronomic performance and genetic gain.

Table 1 displays the genetic gains predicted by the MGIDI, FAI-BLUP, and SH indexes
across various traits. The MGIDI index achieved a genetic gain of 8.44% for spike length
(SL), while FAI-BLUP and SH exhibited gains of 6.78% and 4.83%, respectively. In terms of
grain weight per spike (GWS), the MGIDI index outperformed with a genetic gain of 13.38%,
followed by FAI-BLUP with 12.64% and SH with 17.13%. The spikelet number per spike
(SNS) saw the MGIDI index achieve a genetic gain of 9.87%, whereas FAI-BLUP and SH
obtained gains of 6.11% and 13.75%. The MGIDI index displayed a genetic gain of 10.95%
for grain number per spike (GNS), while FAI-BLUP and SH exhibited gains of 8.80% and
18.01%. Regarding 1000-grain weight (TGW), the MGIDI index resulted in a genetic gain of
3.33%, while FAI-BLUP and SH showed gains of 2.89% and 1.42%. In terms of grain yield
(GY), the MGIDI index demonstrated the highest genetic gain at 15.50%, followed by FAI-
BLUP with 13.66% and SH with 24.57%. When considering all the traits collectively, the
total genetic gains were 61.47% for MGIDI, 50.87% for FAI-BLUP, and 79.70% for SH.

The results demonstrate that all three selection indices, MGIDI, FAI-BLUP, and SH, offer
potential genetic gains for the evaluated traits. However, there are variations in the magnitude
of predicted gains among the indices. The MGIDI index consistently showed lower genetic
gains compared to the FAI-BLUP and SH indices for most traits, indicating a more
conservative approach in selecting genotypes based on the multi-trait genotype-ideotype
distance. On the other hand, the FAI-BLUP and SH indices generally projected higher genetic
gains, with the SH index consistently showing the highest gains across all traits. This suggests
that the Smith-Hazel classic index prioritizes specific traits more effectively in the selection
process, leading to greater overall genetic improvement.

The integration of advanced selection indices, such as the MGIDI, FAI-BLUP, and Smith-
Hazel, offers valuable tools for winter barley breeders. These indices facilitate the
identification of superior genotypes and accelerate genetic gain in important traits.

Table 1. Predicted genetic gains for the indexes MGIDI, FAI-BLUP, SH.

Trait Genetic value Genetic gain (%
MGIDI FAI-BLUP SH
SL 6.68+0.67 8.44 6.78 4.83
GWS 2.334+0.28 13.38 12.64 17.13
SNS 58.94+5.59 9.87 6.11 13.75
GNS 50.42+5.71 10.95 8.80 18.01
TGW 44,90+3.44 3.33 2.89 1.42
GY 6.51+1.34 15.50 13.66 24.57
Total 61.47 50.87 79.70
Conclusions

Multi-trait selection indices, such as MGIDI and FAI-BLUP, offer the potential for enhancing
genetic gain in winter barley breeding programs. The Smith-Hazel selection index showed
higher genetic gains compared to the MGIDI and FAI-BLUP indices. This indicates that the
Smith-Hazel index effectively prioritizes specific traits, leading to greater overall genetic
improvement.
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The genotypes G21, G32, G38, G35, and G20 selected based on the three different indices
demonstrated desirable trait combinations and have the potential for further evaluation and
advancement in the winter barley breeding programs.
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Abstract

Field crop production is under increasing pressure from abiotic and biotic stress conditions
like climate change, drought, low soil fertility, soil acidity, ect. Biostimulators are
physiologically active compounds that help plants cope with these stresses by improving their
growth, development, and nutrition. In this paper we examine the impact of biostimulator
compared to the conventional production on yield and others properties of winter wheat. The
field experiment was conducted in 2021/2022 with two treatments: a control variant and a
control variant + biostimulators. The experiment was repeated three times in a random spatial
arrangement. The vegetation season during wheat production was favorable, with similar air
temperatures and 15% less precipitation than the long-term average. In this experiment,
analysis of variance showed that the biostimulator treatment had a significant effect on grain
moisture, but not on the other properties measured. However, higher values were determined
in the treatment with biostimulator for the yield, number of ears per m?, the number of grains
per spike and the hectolitre mass. The authors recommend further research on different soil
types, including those with lower fertility, over several years. They also recommend testing
the impact of biostimulators on grain quality in order to better understand their effects.

Keywords: biostimulator, wheat, yield, properties, growing season.
Introduction

Wheat is a major cereal crop that is grown all over the world and one of the most important
cultivated plant species. It is irreplaceable in human nutrition, a very important raw material
for various industries and as animal feed. According to the Food and Agriculture Organization
of the United Nations, wheat is cultivated on an average of 217 million hectares worldwide,
with an average yield of 3.48 tonnes per hectare and a total production of 756 million tonnes
in the period 2016-2020 (FAOSTAT, 2022.). In Croatia, wheat is also an important crop. It is
the second most cultivated crop in terms of sown area, but the harvested area has decreased
slightly in recent years (Iljki¢ et al., 2019). According to FAOSTAT, the average wheat
cultivation area in Croatia in the period 2016-2020 was 143,846 hectares, with an average
yield of 5.67 tonnes per hectare and a total production of 816,101 tonnes. The success of
wheat production depends on biological and environmental factors. The intensive production
of wheat today is facing a number of challenges, including the increasing use of production
inputs and increasingly unfavorable agroecological conditions (Marijanovic¢ et al., 2010.; Jug
et al., 2018.). In addition to the usual agricultural practice, it is necessary to find cultivation
models that would minimize the negative effects in production. The use of biostimulators in
agricultural production is not recent, but it was mainly used in the production of very
intensive crops like vegetables and flower growing, while it is less common for field crops.
Biostimulators can be defined as physiologically active substances, that promote the growth,
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development and nutrition of plants and help reduce the effects of stress caused by abiotic and
biotic factors, but it should be emphasized that they are not a substitute for mineral fertilizers.
Although there are various biostimulators, they usually contain a mixture of organic and
inorganic components including essential macro and microelements, humates, citrates, amino
acids and others (Ceh, 2020.). Also, microbial and non-microbial biostimulators are
distinguished. Microbial biostimulators are beneficial fungi and bacteria, while non-microbial
biostimulators are humic acids, seaweed extracts, amino acids, chitosan and inorganic
biostimulants. The application is most often foliar, and depending on their purpose and the
formulation of the preparation, they are applied in different phenological phases of the plant
(Mesic¢ et al., 2022.). Treatment with biostimulators is increasingly intensive in many areas in
order to achieve a higher yield and better quality by improving the plant's physiological
response to stressful conditions (Macra and Sala, 2022; Lozowicka et al., 2022). Therefore,
the aim of the research was to examine the impact of biostimulators on the yield, agronomic
and morphological properties of wheat in field conditions compared to the usual method of
production.

Material and Methods

During 2021/2022, a field experiment was set up on the area of the field experimental station
of the Faculty of Agrobiotechnical Sciences Osijek (45.482378, 18.803544) in Republic of
Croatia, according to the scheme of a completely random spatial arrangement in three
repetitions. The total area of the experiment was 300 m?, and the experiment consisted of two
treatments: control (standard mineral fertilization) and biostimulator application (control +
biostimulator). According to the soil chemical analysis, the experiment was set on loamy soil
texture with alkaline reaction (7.40 pHkci), 3.10% humus content, and very richly supplied
with accessible phosphorus and potassium. The usual agrotechnical operations in intensive
wheat production were applied. Maize was a previous crop. Sowing was done on October 28,
2021, with the Kraljica variety in the amount of 280 kg ha™. Considering the very good soil
fertility, only 130 kg ha™* of urea (46% of N) was added before sowing. The first top dressing
at the tillering phase and second top dressing at the steam elongation phase was done with 100
kg ha™ and 120 kg ha™ of KAN (27% of N), respectively for both treatments. The treatment
with the biostimulator was additionally foliar treated with Fertiactyl Starter (Timac Agro
d.0.0.) on March 21, 2022 in the amount of 3 | ha™. It is a liquid root and shoot biostimulator
containing humic and fulvic acids, cytokinin and glycine betaine. It also contains of 13% N,
5% P, 8% K and 5% C. Crop protection from weeds, diseases, and pests was timely and equal
for both treatments. Just before harvest, wheat samples were taken from 1 m? for each
repetition to determine yield (t ha™), grain moisture (%), the number of ears per m? 1000
grain weight (g) and hectolitre weight (kg hl™). Additionally, 30 plants per repetition were
sampled to determine the number of grains per spike, spike length (cm) and plant height (cm).
Furthermore, data of monthly precipitation (mm) and average monthly air temperatures (°C)
for the wheat growing season 2021/2022 were used, as well as long term mean 2002-2020
(LTM) of the State Hydrometeorological Institute for the weather station Osijek-Klisa, which
is 2 km away from the experiment. Statistics were performed by individual analysis of
variance using the F test, and the significance of differences was evaluated using the LSD
value. The computer program SAS 9.1.4 was used.
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Results and Discussion

In comparison with long term mean (LTM), the total amount of precipitation was less by only
15% (422 mm and 498 mm, 2021/2022 and LTM), while the average air temperature was
almost identical to the LTM (9.5 °C and 9.3 °C for 2021/2022 and LTM) during the wheat
growing season. The amount of precipitation at the sowing time was optimal, in the autumn
period the amount of precipitation was above the LTM, while in the winter period it was
below the LTM. Furthermore, during the phenological phases from tillering to grain ripening
(April-June), the amount of precipitation was 24% lower, but a total of 161 mm of rain fell. In
terms of average air temperatures, it should be noted the very mild winter and somewhat
lower temperatures in March and April. In general, the growing year 2021/2022 was mostly
favorable and wheat was not exposed to any stronger stress than usual.

For the yield, yield components and other agronomic and morphological properties in this
research, an analysis of variance was performed in order to determine the statistical
significance of individual properties (Table 1). Of all the tested parameters, only grain
moisture was significant. The highest F values, except for grain moisture, were also recorded
for hectolitre weight and grain yield, while the coefficient of variation was the highest for the
number of spikes m?, number of grains per spike and yield (Table 1). The average grain yield
in this experiment was a relatively high (7.96 t ha™), which is above the average of the
Republic of Croatia (5.90 t ha™) according to Croatian Bureau of Statistics. Although the
significance was not confirmed, the yield was higher by 520 kg or about 7% in the
biostimulator treatment. Thus, the average yield on the control variant was 7.70 t ha™, and on
the biostimulator treatment 8.22 t ha™ (Graph 1). Paradikovi¢ (2009) asserts that the
application of biostimulators increases the amount of nitrogen in the leaf, the level of
photosynthesis and the concentration of plant pigments. Humic acids increase root growth and
water intake and promote plant growth by introducing nutrients and binding toxic elements.
Also, humic acids affect the improvement of photosynthesis, chlorophyll density and plant
root respiration, which results in better plant growth. Amino acids increase the amount of
chlorophyll in the plant, which affects the greater activity of photosynthesis, and they also act
as activators of phytohormones and growth substances in plants. Although the use of
biostimulators has undeniable advantages (Neta et al., 2016; Cvijanovi¢ et al., 2020;
Berakovi¢ et al., 2021), this study lacked statistical significance, probably due to relatively
favorable growing weather conditions and well-supplied soil.

Table 1. Statistical analysis of the tested properties and average values for both treatment

: Coefficient
Properties Average F value Pr>F LSDg o5 of variation
Yield (t ha™) 7.96 1.61 0.2738 ns 6.310
Grain moisture (%) 115 1359 0.0211 0.125 0.480
Plant density/m? 760 0.65 0.4641 ns 8.435
L\'p‘i‘lf;ber of grains per ,q 4 0.29 06206  ns 6.965
1000 grain weight (g) 36.3 0.08 0.7910 ns 3.735
Plant height (cm) 58.9 0.00 0.9612 ns 2.276
Spike length (cm) 7.34 0.88 0.4003 ns 2.720
H_ef;to"”e weight (kg g, 5 6.51 0.0632  ns 0.886

ns — non significant
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Yield components are very important properties and are directly related to grain yield.
Although the yield components in this research were not statistically significant, certain
variations were observed, with higher values being determined mainly in the treatment with
biostimulator (Graph 1). For example, the number of ears per m? was higher by about 6%, the
number of grains per spike by about 3%, and the hectolitre weight was higher by 1.5 kg hl™ or
about 2%. The other values were very similar between the treatments. Since Fertiactyl
complex stimulates the development of the root system, increases the growth and
development of the plant, and stimulates the absorption of nutrients and water during a
stressful period, its stronger effect was absent because the plants were grown on fertile soil
well supplied with the main mineral elements with relatively good weather conditions. The
amount of precipitation in April was 49 mm, in May 55 mm, and in June 61 mm, while the
average air temperatures were 10.9°C, 19.1°C and 23.4°C, for April, May and June. In such
conditions, wheat is not exposed to excessive stress.
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Graph 1. Box plot analysis of tested properties
Conclusions

Although it is known that biostimulators have a whole range of positive effects, in this
research there was no statistical significance for the yield and most of the tested parameters.
The main reason may be the lack of stressful conditions, given that the weather during the
2021/2022 wheat growing season was relatively favorable, and wheat was grown on soil of
good fertility. However, slightly higher values were observed in the biostimulator treatment
for yield, plant density, number of grains per ear, and hectolitre weight. Also, it is
recommended to carry out research on different types of soils of lower fertility over several
years, as well as testing the impact on grain quality in order to obtain clearer assumptions
about the impact of biostimulators.
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Abstract

Dahlias are not hardy plants in Serbia and they are grown as annuals. For that reason, dwarf
cultivars are the most popular, they can be easily propagated from seed, and they are used for
summer flower beds, hedges or they are planted in containers. Fertilizers can affect
germination and early development of seedlings and depending on the plant species they can
promote or inhibit germination and growth. However, data about the effect of different
fertilizers are usually not available for specific plants species and therefore it is important to
examine their effect on plant growth before their use in the commercial plant propagation.
Therefore, the effect of three commercial fertilizers available on Serbian market (EkoBooster
1®, Unistart and Bakterije) on germination and seedlings growth of Dahlia Dwarf Mix 3045
(produced by Semenarna Ljubljana) was investigated. The treatments were conducted before
seed sowing and on 2", 3™ and 9" day after seed sowing. Obtained results showed that
fertilizer type affected germination rate, the best result was achieved after the treatment with
EkoBooster 1® (81.3%), while germination rate was lower after treatments with other
fertilizers (72%) and in the control (56%). Despite expectations, none of the used fertilizers
did not affect seedlings growth, because length of root, shoots and primary leaves were not
significantly different compared to the control.

Keywords: Mini Dahlia, dwarf dahlia, fertilizers, germination, propagation.
Introduction

Dahlias are grown often as popular annual plants in Serbia. They have long blooming season,
a wide range of colors, and they are suitable for colorful summer flower beds, hedges, but also
they are planted in pots and different planters, suitable for small green spaces, windows and
balconies (Vernon 2014; Armitage 2001). Cultivars of dwarf dahlias can be propagated from
seed and this is the most common method for propagation of dahlias. For that reason,
improving the propagation techniques, including germination and early seedling growth is
important for dahlias propagation. Among the other factors, choosing the appropriate fertilizer
Is important part in improving propagation method, because fertilizers can affect germination
and early development of seedlings and depending on the plant species they can promote or
inhibit germination and growth (Delshadi et al. 2017; Bakonyi et al. 2013; Prayogo et al.
2021; Duraid et al. 2021). Although biofertilizers are already as an effective and environment-
friendly alternative to the synthetic fertilizers and their role in enhancing productivity and
quality of agricultural products have already been proven through various research work
(Dasgupta et al. 2021; Gautam et al. 2021), there is no enough evidence of the effect on
different plants growth of various commercial preparations available on the market. For this
reason, the effect of commercial fertilizers available on Serbian market on germination and
seedlings growth of Dahlia Dwarf Mix 3045 (produced by Semenarna Ljubljana) was
investigated. Research was conducted using three different fertilizers, which were suitable for
early seedling growth according to the product specifications. One of them (EkoBooster 1®)
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contains only NPK macronutrients (14% Nitrate (N), 2% Phosphorus and 5% Potassium (K)),
and two preparations are bio-fertilizers: Unistart and Bakterije. Unistart contains not-specified
strains of proteolytic and cellulolytic bacteria that increase availability of carbon, nitrogen and
phosphorus for plants, according to the product specifications, and Bakterije contains Bacillus
subtilis, Bacillus megaterium and Saccharomyces spp. In this way the differences among bio-
fertilizers and standard chemical fertilizers could also be observed during this research.

Material and Methods

The seeds of Dahlia Dwarf Mix sold by Semenarna Ljubljana (product code 3045) were used
in this research. The seeds were sown in trays (dimensions 25 x 15 x 5 ¢cm), into the mixture
of peat, sand and perlite. Before sowing, the substrate was irrigated with prepared solutions of
fertilizers and solutions were prepared according to the product specifications. Hence, the
fertilizers were diluted in distilled water; EkoBooster 1® was applied as a 33% solution,
Unistart as a 1% solution and Baketrije as 0.5% solution. After seeds sowing, the fertilizers
were applied 3 more times, on the 2™, 3" and 9" day after seed sowing, simultaneously with
irrigation. Each tray was irrigated with 33 mL of prepared solution and each tray was
containing 25 seeds of Dahlia Dwarf Mix. The seeds in the control treatment were irrigated
with water without fertilizers. The trays were placed in the greenhouse of the Faculty of
Forestry in Belgrade. During the experiment, temperature ranged between 16°C and 25°C in
the long day conditions.

Three weeks after setting the experiment, the germination percentage as well as the length of
shoots, roots, and leaves were recorded. Each treatment consisted of three replicates with 25
seeds each. Obtained data were statistically analysed using the program Statgraphics Plus, Ver
2.1. The significance of differences between the means was determined by the analysis of
variance (ANOVA, p<0.05) and the least significant difference (LSD) test.

Results and Discussion

Obtained results showed that fertilizer affected germination rate and germination was higher
in all treatments compared to control (56%). However, fertilizer which contained contains
only NPK macronutrients (EkoBooster 1) gave the best results (81.3% germinated seeds),
while germination rate was lower after treatments with bio-fertilizers (72%) (Table 1).
Positive effect of fertilizers containing bacteria on seed germination has already been proved
for other plant species (Delshadi et al. 2017; Bakonyi et al. 2013), and also nitrogen,
phosphorus and potassium fertilizer can influence and enhance germination rate for some
plant species (Wenjie 2018). Also, Duraid et al. (2021) reported that the combination of
organic fertilizer, bio-fertilizer and chemical fertilizer can gave better results than applying
these fertilizers alone, which should be further investigated for the Dahlia cultivars.
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Table 1 The effect of fertilizers on germination of Dahlia Dwarf Mix seeds

Treatment Germination rate (%)
control 56.0°

EkoBooster 1 81.3%

Bakterije 72.0%

Unistart 72.0%

Values followed by different letters are significantly different at the P < 0.05 level according to the LSD test

Despite expectations, none of the used fertilizers did not affect seedlings growth (Table 2).
The shoot length ranged between 50.8 mm and 58.3 mm, the average length of the longest
root varied between 19.6 mm and 28.2 mm, but obtained differences were not statistically
significant (Table 2). Similarly, percentage of seedling which formed first pair of true leaves
was higher (82.3 — 91.3%) in all treatments compared to control (75%), but obtained
differences also were not statistically significant (Table 2). The length of the primary leaves
ranged between 21.2 mm and 24.7 mm and it was not influenced by fertilizer application.

Table 2 The effect of fertilizers on length of shoots, roots and true leaves of Dahlia Dwarf
Mix seeds

Treatment Shoot length Longest root length  Presence of truelLength of true
(mm) (mm) leaves* (%) leaves (mm)

Control 58.1° 28.2° 75.0° 24.7°

EkoBooster 1 50.82 26.1° 82.3% 4.4

Bakterije 55.12 21.1% 01.32 23.92

Unistart 58.3° 19.6% 88.22 21.2°

*The percentage of seedling which developed a first pair of true leaves
Values followed by different letters are significantly different at the P < 0.05 level according to the LSD test

Kering and Zhang (2015) showed that application of Nitrogen based fertilizers had no effect
on early seedling growth for some plants, and similarly Nikmatullah et al. (2021) also
reported that biofertilizers had no effect on plant growth depending on other environmental
conditions for a plant growth (humidity, temperature). There is possibility that different
composition and concentrations of fertilizers could enhance Dahlia Dwarf Mix seedling
growth,

Conclusions

Dwarf Dahlia cultivars are popular annual ornamental plants in Serbia. They are commonly
propagated from seed, but with the development and emergence of new fertilizers on the
Serbian market, there was a need to investigate if they can be used in improving Dahlias
production. The effect of three commercial fertilizers (EkoBooster 1®, Unistart and Bakterije)
on germination and seedlings growth of Dahlia Dwarf Mix was investigated and obtained
results showed that these fertilizers did not affected significantly early seedlings growth.
However, NPK based fertilizer enhanced germination rate and the highest germination
percentage was obtained after the treatment with EkoBooster 1® compared to other fertilizers
and the control. There is a possibility that better results can be achieved with different
fertilizer concentration and combination of different fertilizers which should be further
investigated.
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Abstract

Weeds compete with tree crops for water and nutrients. Additionally, they frequently act as
hosts for major disease vectors. The aim of this study was to investigate the effect of the
invasive tree and noxious weed tree-of-heaven [Ailanthus altissima (Mill.) Swingle] on
photosynthetic activity, yield and olive oil quality characteristics of olive cv. Koroneiki, under
two irrigation regimes, one full and one deficit, applying the 60% of the water volume of the
first regime. One year old olive trees were used for this purpose. The olive trees were planted
in the same pots with and without (control) Ailanthus plantlets. Photosynthetic activity
measured in August was found to be increased in fully irrigated and control trees, while the
SPAD index decreased in fully irrigated trees. Olive yield was not affected by the treatments.
All olive oil quality indexes (peroxide number, acidity, UV absorbance indexes) were within
the range for characterization of the olive produced as Extra Virgin Olive Oil (EVOO). In the
absence of Ailanthus and in combination with full irrigation, the acidity of the olive oil
increased. The presence of Ailanthus led to an increase in the K232 and K270 values and a
decrease in the AK index. Full irrigation in combination with the presence of Ailanthus
resulted in an increase in the K232 value and a decrease in the AK index. Full irrigation
treatment and the presence of Ailanthus led to an increase in the concentrations of total
polyphenols and antioxidant capacity measured in the olive oil. On the contrary, the above
parameters were all reduced under Ailanthus absence combined with deficit irrigation.

Keywords: SPAD, Acidity, Peroxides, Total Phenolics, Antioxidant Activity.
Introduction

Native to the Eastern Mediterranean, olive (Olea europaea L.) is one of the world's oldest and
most important crop (Connor, 2005; Talhaoui et al., 2015; Kafkaletou et al., 2021), with over
1250 varieties grown in over 54 countries for oil and/or table olives production (Ashraf et al.,
2021). Olive oil's high biological value, due to its monounsaturated fatty acids and antioxidant
capacity, makes it an essential part of the Mediterranean diet (Daskalaki et al., 2009). Olive is
grown in about 90% of the Mediterranean basin, mainly in Spain, Italy and Greece (Ashraf et
al., 2021; Cabezas et al., 2021), which represents 95% of worldwide cultivation (Cabezas et
al., 2021) and, due to its resistance to drought, can be grown in arid and semi-arid areas under
adverse conditions (Alegre et al., 1999, Kafkaletou et al., 2021). The importance of olive
cultivation indicates the need to investigate all possible stresses that may affect the growth
and production of olive orchards.

Ailanthus altissima (Mill.) Swingle, or tree-of-heaven, is a fast growing, spreading tree of the
Simaroubaceae family. Native to Asia, it was introduced to Europe and the USA in 1700 AD
as an ornamental plant (Lawrence et al., 1991; Heisey et al., 1996; Demasi et al., 2019). It
produces allelopathic compounds that are toxic to other plant species (Heisey et al., 1996;
Demasi et al., 2019), which, combined with its high seed production, development of an
extensive root system, rapid growth and high tolerance to pollutants (Demasi et al., 2019),
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contributes to its high competitiveness and wide expansion (Heisey et al., 1996; Demasi et al.,
2019).

Ailanthus is often found in high densities in olive groves, negatively affecting oil production.
The objective of the present research was to investigate possible stress impacts caused by
Ailanthus on the parameters of photosynthetic activity, yield and olive oil quality
characteristics of olive cv. Koroneiki, the most important olive oil cultivation in Greece
(Kafkaletou et al., 2021).

Material and Methods

The experiment was carried out at the orchard of the Agricultural University of Athens. One
year old olive trees were used. The olive trees were planted in the same pots (45L) with and
without (control) Ailanthus (Figure 1 and 2). Two irrigation regimes were applied, one full
and one deficit, applying the 60% of the water volume of the first regime. Olive trees were
randomly divided into 5 replicates of two trees each, per treatment (control - C and presence
of Ailanthus - A) and per irrigation regime (full - F and deficit - D). Parameters of
photosynthetic activity (A - umol/m?s, gs - mol/m?s, Ci - umol/mol, E - mmol/m?s) and leaf
chlorophyll (SPAD index) and fluorescence (Fv/m) were measured in August. Micro-oil
extraction was carried out in the Laboratory of Pomology at harvest, in a semi-industrial oil
mill of the Abencor type (cold malaxation - 26-28°C for 45 minutes).

Figure 1. Planting of olive tree in the same  Figure 2. Planting of olive tree in the absence
pot with Ailanthus (personal file). of Ailanthus (personal file).

-

Yield (kg fruit/tree), oil content (%) and olive oil (0.0.) production (kg O.O./tree) were
determined for each treatment. Acidity (g oleic acid/100 g olive oil), UV absorption indices
(K232, K270), peroxide number (meq. active O,/kg olive oil), total phenolic compounds (mg
gallic acid/kg olive oil), total o-diphenols (mg caffeic acid/kg olive oil), total flavonoids (mg
catechin/kg olive oil) and antioxidant capacity by three methods [DPPH - 2,2-diphenyl-1-
picrylnydrazyl, FRAP - ferric reducing antioxidant powder and ABTS - 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)] (umol Trolox/kg olive oil) were determined in olive
oil.

The experiment followed a completely randomized design with 5 replicates. The raw data
were subjected to multifactor ANOVA analysis and the significant differences of the effects
of Ailanthus presence and irrigation regime were determined using the Student’s t-test, while
significant interactions were determined using the Tukey HSD test, at a significance level of
a=0.05.
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Results and Discussion

The presence of Ailanthus resulted in a significant decrease of all photosynthetic activity
parameters, while deficit irrigation had the same effect but did not affect mesophyll
conductance (Table 1), whereas it increased the SPAD index (Table 2). Combining deficit
irrigation with Ailanthus also resulted in decreasing parameters, except for mesophyll
conductance, which increased (Table 1). These results are in agreement with those reported by
Denaxa et al. (2012), who also found a decrease on carbon assimilation rate and stomatal
conductance, while the mesophyll conductance increased, in an experiment carried out on
olive trees cv. Chondrolia Chalkidikis under two irrigation regimes, full and drought.
Deficient irrigation reduced the K232 value and increased the AK index, opposite to the
results of the combination of full irrigation with Ailanthus. The presence of Ailanthus resulted
in a significant decrease of oil acidity and of the AK index, while the K232 and K270 values
increased. A decrease in acidity was also observed when deficit irrigation was combined with
Ailanthus (Table 4). On the contrary, Stefanoudaki et al. (2009), in an experiment carried out
on olive trees cv. Koroneiki, under two irrigation regimes, observed no statistically significant
difference in olive oil quality parameters. The concentration of total phenolics, total o-
diphenols and total flavonoids were increased under the full irrigation and Ailanthus
treatments whereas they decreased by the combination of deficit irrigation and control.
Similarly, in an experiment carried out by Patumi et al. (2002) on olive trees cv. Kalamata
under three irrigation regimes (100% - full irrigation, 66% and 33% of the water volume of
the former), total phenolics concentration was negatively affected by the 66% irrigation
regime. The same effect as for total polyphenols concentration was observed for antioxidant
capacity by all three methods used (DPPH, FRAP and ABTS) (Table 5). No further
statistically significant differences were found.

Table 1. Effect of treatments on the parameters of the photosynthetic activity of the leaves.

A gs Ci E .
(umol/m?s) | (mol/m?s) | (umol/mol) | (mmol/m?s) A/Ci AR
Irrigation regime
F (Full) 18.70 a 0.16 a 176.68 a 2.36 a 0.11a 8.06 a
D (Deficit) 9.71b 0.08 b 194.48 a 1.57b 0.06 b 6.26 b
Treatment
C (Control) 17.72 a 0.14a 164.73 b 2.26 a 0.11a 8.08 a
A (Ailanthus) | 10.69b 0.09b 206.43 a 1.67b 0.06 b 6.25b
Treatment X Irrigation regime
CxF 21.22 a 0.18a 178.50 b 2.70 a 0.12a 7.96 a
CxD 14.21b 0.10 bc 150.95 b 1.81 ab 0.10 a 8.20 a
AXF 16.17 ab 0.13 ab 174.85b 2.02 ab 0.10 a 8.17 a
AxD 522¢ 0.06 ¢ 238.00 a 1.33b 0.02b 4.32b

Means within the same column followed by the same letter are not significantly different according to Student’s
t-test (for irrigation regime and ailanthus treatments) and Tukey's multiple means test (interaction) at a
significance level of 0=0.05.

Table 2. Effect of treatments on the chlorophyll content and the fluorescence of the leaves.

| SPAD | Fluorescence (Fv/m)
Irrigation regime
F (Full) 74.38D 0.83a
D (Deficit) 82.62 a 0.82a

Treatment
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C (Control) 78.97 a 0.83a

A (Ailanthus) 78.02 a 0.83a
Treatment X Irrigation regime

CxF 75.14 a 0.84a

CxD 82.80 a 0.83a

AXF 73.61 a 0.83a

AxD 82.43 a 0.82a

Means within the same column followed by the same letter are not significantly different according to Student’s
t-test (for irrigation regime and ailanthus treatments) and Tukey's multiple means test (interaction) at a
significance level of 0=0.05.

Table 3. Effect of treatments on production parameters.

Olive oil production

Yield (kg/tree) Oil content (%) (kg/tree)
Irrigation regime
F (Full) 0.12a 18.45a 0.02 a
D (Deficit) 0.08 a 1581 a 0.01a
Treatment
C (Control) 0.09 a 17.30 a 0.02a
A (Ailanthus) 0.11a 16.96 a 0.02a
Treatment X Irrigation regime
CxF 0.10 a 18.10 a 0.02 a
CxD 0.08 a 16.50 a 0.0la
AXF 0.13a 18.79 a 0.02 a
AXxD 0.08 a 15.12 a 0.01a

Means within the same column followed by the same letter are not significantly different according to Student’s
t-test (for irrigation regime and ailanthus treatments) and Tukey's multiple means test (interaction) at a
significance level of 0=0.05.

Table 4. Effect of treatments on the quality characteristics of olive oil.

Acidity Peroxide
(g oleic number
acid/100g K232 K270 AK (meq. active
0.0.) 0, /kg 0.0.)
Irrigation regime
F (Full) 0.27 a 1.40 a 0.16 a 0.00 b 16.7 a
D (Deficit) 0.23a 1.30b 0.16 a 0.01a 18.3a
Treatment
C (Control) 0.28 a 1.26 b 0.15b 0.01a 175a
A (Ailanthus) 0.22 b 1.44a 0.17 a 0.00 b 175a
Treatment X Irrigation regime
CxF 0.29 a 1.25b 0.15a 0.00 ab 16.7 a
CxD 0.27 ab 1.27b 0.15a 0.01a 18.3a
AXxF 0.25 ab 1.55a 0.17 a -0.01b 16.7 a
AxD 0.20 b 1.33b 0.17 a 0.00 ab 18.3a

Means within the same column followed by the same letter are not significantly different according to Student’s
t-test (for irrigation regime and ailanthus treatments) and Tukey's multiple means test (interaction) at a
significance level of 0=0.05.

Table 5. Effect of treatments on total phenolics, total o-diphenols and total flavonoids content
and on antioxidant capacity of olive oil according to the DPPH, FRAP and ABTS methods.
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Total o-

Total 1 gishenots |, ol DPPH | FRAP | ABTS
phenolics (m flavonoids (umol (umol (umol
(mg gallic e (mg loxtkg | Troloxtkg | Trolox/k
acid/kg caffeic catechin/kg Trolox/kg | Trolox/kg | Trolox/kg

0.0) aC|d/k)g 0.0) 0.0) 0.0) 0.0)

e 0.0. T

Irrigation regime

F (Full) 307.25a 59.76 a 261.78a | 1227.88a | 1169.50a | 1160.08 a

D (Deficit) 23242 b 43.87Db 185.64 b 858.93b | 865.42b | 959.34 D

Treatment

C (Control) 211.63 b 48.49 b 184.24 b 846.66 b | 877.58b | 963.70 b

A (Ailanthus) | 328.05a 55.14 a 263.17a | 1240.15a | 1157.34a | 1155.72 a

Treatment X Irrigation regime

CxF 273.83 a 62.21 a 260.39a | 1209.77a | 1177.26a | 1145.67 a
CxD 149.42 b 34.77c 108.10 b 483.54b | 577.91b | 781.73Db
AXF 340.67 a 57.31ab 263.17a | 124598a | 1161.75a | 1174.49a
AXxD 31542 a 52.97D 263.17a | 1234.32a | 115291 a | 1136.96 a

Means within the same column followed by the same letter are not significantly different according to Student’s
t-test (for irrigation regime and ailanthus treatments) and Tukey's multiple means test (interaction) at a
significance level of 0=0.05.

Conclusion

In conclusion, taking into account the parameters of photosynthetic activity, the Ailanthus had
a significant negative effect on olive photosynthetic machinery, especially when it was
combined with deficit irrigation. As for the yield parameters, they were not affected, while all
olive oils from all treatments could be classified as extra virgin olive oil (EVOO) in
accordance with Commission Regulation (EEC) No 2568/91, as amended by Commission
Regulation (EU) No 2016/1784 of 30 September 2016.
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Abstract

Balsam (Hypericum perforatum) is a perennial crop which belongs to Hypericaceae family. It
is worldwide known as Common St John's wort or Perforate St John's wort. It is a medicinal
herb with antidepressant activity and strong anti-inflammatory properties. Balsam is an
herbaceous perennial plant with extensive creeping rhizomes, erect stems and can reach about
1 m in height. It has opposite, sessile, elongated leaves, yellow-green in color, with scattered
translucent spots of the glandular tissue. Its flowers reach five petals and are bright yellow in
color with prominent black spots. The purpose of this study was to investigate the effect of
different biostimulants on balsam’s yield. The experiment was established in the experimental
farm of the Agrotechnology Department of the University of Thessaly, based in Larissa area,
on 18M of May 2022. Three treatments were applied (T1: Control, T2: seaweeds, auxin 1.0
mg/It and cytokinin 0.031 mg/It from Ecklonia maxima, T3: special formulation containing
amino acids 10% wi/v, pure protein 11.3% w/v, sucrose 22% wi/v, UV filter 10% w/v) with 6
replications. Harvest was performed at the end of July manually and the samples were dried
till constant weight. It was found that the topaz variety can produce a fresh yield of flowers
higher than 1500 kg ha™, which corresponds to a dry yield of 500 kg ha™. Therefore, balsam
cultivation seems to be a promising future crop, considering the obtained yield of its first
growing year and the late establishment of the plants in the field.

Keywords: Balsam, Biostimulants, yield, Medicinal plants.
Introduction

Hypericum genus (Hypericaceae) is a well-known genus of vascular plants with more than
450 species of herbs, shrubs and trees from all over the world (Becker et al., 2016; Crockett
and Robson, 2011). Hypericum perforatum, commonly known as St. John's wort, is a
perennial herbaceous plant that has been used for centuries for its medicinal properties
(Butterweck 2003; Crockett and Robson 2011; Nahrstedt and Butterweck 2010). Native to
Europe, Western Asia, and North Africa (Niirk et al. 2013), this plant is characterized by its
bright yellow flowers and numerous therapeutic benefits.

St. John's wort has gained significant attention in recent years due to its potential to alleviate
symptoms of depression, anxiety, and other mood disorders, while it is one of the most often
used medicinal plants in the world and is widely utilized as phytopharmaceuticals and
nutraceuticals (Linde et al., 1996). With a rich history of traditional use and ongoing scientific
research, Hypericum perforatum continues to be a subject of interest for those seeking natural
remedies for various health conditions. There has been much research done on the chemistry
and bioactivity of Hypericum perforatum L. Since the 1980s, this species has evolved from a
traditional herb that was mostly harvested from the wild to a significant medical crop plant
that is grown around the world. Pharmaceuticals and dietary supplements made from H.
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perforatum are now ranked 37" among top-selling herbal goods and are about to be included
to the top 40 items at international sales centers in the natural/whole-foods/lifestyle category
(Barnes et al., 2019).

Despite the fact that the aerial parts medical benefits are well understood (Walker et al., 2005;
Birt et al., 2009; Saddige et al., 2010; Caraci et al., 2011), little is known about Hypericum's
cultivation and production.

Moreover, St. John's wort is mostly used as a food additive and for therapeutic uses, as was
previously noted; thus, an attempt should be made to estimate production from wide
cultivation utilizing organic methods. Such substances are the biostimulants, which are
compounds with a biological origin or microorganisms that, when used on plants, promote the
plants' natural activities (Yakhin et al., 2017).

In recent years, there has been an interest in extracts derived from seaweed, largely due to
research findings that highlight the presence of a diverse range of biostimulatory compounds
within these intricate mixtures (Khan et al., 2009; Du Jardin et al., 2015). These seaweed-
based biostimulants enhance root system growth, blooming, stress tolerance, nitrogen
absorption, growth, and crop yield (Ali et al., 2019). This has led to an increased attention and
exploration of seaweed-based extracts as a potential tool in agricultural practices. These
extracts are also beneficial for seed germination, plant development, and even post-harvest
plant growth (Ali et al., 2016). Improved root size and density lead to higher germination
rates, seedling vigor, and final yield (Rayorath et al., 2008).

Therefore, the purpose of this study was to investigate the effect of different biostimulants on
Hypericum perforatum (topaz variety) yield during its first year of establishment as an
extensive cultivation.

Materials and Methods

In order to estimate Balsams’ yield, a field experiment was established in the experimental
farm of the Agrotechnology Department of the University of Thessaly, based in Larissa area,
on 18" of May 2022. The used treatments were three (T1: Control, T2: seaweeds, auxin 1.0
mg/It and cytokinin 0.031 mg/It from Ecklonia maxima, T3: special formulation containing
amino acids 10% w/v, pure protein 11.3% w/v, sucrose 22% w/v, UV filter 10% wi/v) with six
replications. Harvest took place around the end of July manually. Afterwards the samples
were air-dried till constant weight.

The statistical software GenStat (7th Edition) was used to perform an analysis of variance
(ANOVA) on the collected data for all measured and derived variables. To assess the
differences between means of the main and/or interaction effects, the LSD 0.05 test criterion
was employed (Steel and Torrie, 1982).

Results and Discussion

According to the results presented in Table 1, significant differences were observed in the
production of fresh inflorescences between the control group and treatment 3. Specifically,
the control group exhibited a higher yield of 1753 kg FW per hectare compared to treatment
3, which had a lower yield of 1656 kg per hectare. Interestingly, treatment 2, which involved
the application of seaweeds along with auxins (11.0 mg/It) and cytokinins (0.031 mg/It),
resulted in significantly lower yield, of 1180 kg per hectare.

The aforementioned conclusion conflicts with the literature (not on balsam yield, because
there is insufficient data), which shows that using seaweeds in a variety of aromatic and
medicinal plants increases both their biomass and flowers yield (Giannoulis et al., 2020a;
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Giannoulis et al., 2020b; Khan et al., 2012 Spinelli et al., 2009; Chouliaras et al., 2009;
Blunden et al., 1996; Steveni et al., 1992).

Table 1. Fresh and Dry Yield of Balsams’ inflorescence.
Fresh Weight Dry Weight

(kg ha) (kg ha™)
T1 1753 955
T2 1180 423
T3 1656 540
LSD g5 358,9 ns
CV (%) 18,2 19,1

In the case of the yield in dry weight of flowers, no statistically significant difference was
observed between the studied factors, only a numerical superiority of treatments T1 and T3
over T2. Therefore, it was discovered that treatment with seaweed extracts did not result in
greater dry weight of flowers as is often described in the literature, where it is reported that
biostimulants using seaweed extracts boosts flowering and crop yield (Ali et al., 2019). Of
course, the outcomes the next year are also anticipated as the balsam, a perennial plant, will
strengthen the development of its root system during the first year of its installation.

The use of biostimulants in field crops is growing in popularity, according to the literature, in
order to boost crop productivity and yield quality. A new breed of organic fertilizers called
seaweed extracts (SWE) competes with both growth stimulants and traditional agrochemicals
(Elansary et al., 2016; Sharma et al., 2014). Since SWE may include both minor and major
components, it may serve as a partial substitute for fertilizers, according to several research
(Zodape et al., 2010; Hong et al., 2007; Dhargalkar and Pereira, 2005).

The sole explanation for the aforementioned findings is that balsam is a perennial plant, and
as is well known, perennial plants make care to create a robust and healthy root system in the
year of their establishment. As was already noted, the use of seaweed extracts results in the
strengthening and expansion of the subterranean biomass, therefore it is anticipated that
beginning in the second year, there will be variations in the above-ground biomass.

Conclusions

The alternative crop St. John's wort looks to be growing quickly. It recorded high outputs in
both dry and green bloom from the very first year of establishment. The first year's results
were not affected by the use of biostimulants, whereas the use of seaweed extracts appeared to
have decreased yield.

The experiment is still ongoing since all treatments were repeated in the second year and the
quality parameters are still being processed and analyzed.
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Abstract

The need to produce biodegradable and environmentally friendly industrial raw materials has
stimulated the cultivation of Hemp (Cannabis sativa L.). Hemp is primarily cultivated for
seeds, fibers, and medical substances but nowadays its parallel use as biomass and
lignocellulose source is gaining ground. Water and nitrogen availability are inputs
significantly affecting plant growth, development, and overall productivity. To evaluate the
effects of irrigation, and nitrogen fertilization in growth of hemp and lignocellulosic biomass
production, a field experiment was carried out during summer 2022 on the experimental farm
of the University of Thessaly, in Velestino area, Greece. The experimental design was split-
plot with irrigation (11:33% ETo, 12: 66% ETo, 13: 100% ETo) as the main factor and
nitrogen fertilization (N1:0 kg ha™*, N2:50 kg ha™*, N3:100 kg ha™) as the sub-factor. Irrigation
was applied as proportion of the reference evapotranspiration ETo as it is calculated from
Penman-Monteith equation. Throughout the growing season, four periodical harvests carried
out were total dry weight, dry weight of stems and dry weight of fibers (t ha™) were measured.
Experiment results demonstrated a statistically significant impact (P < 0.05) of irrigation on
total, stem, and fibers dry matter while nitrogen show effect only during the first two harvests.
Maximum total dry biomass weight reached 18.4 t ha™, while stem and fibers reached 8.53
and 3.66 t ha™' respectively. Maximum biomass harvested at the end of crop cycle while
maximum fiber yield was measured at earlier development stage, before maturity.

Keywords: hemp, irrigation, N-fertilization, growth, fiber.
Introduction

Hemp is a versatile agricultural product that can serve as a substitute or supplement for fiber
or paper, while also offering environmental advantages and potential profitability within
sustainable farming systems (Ehrensing, 1998). Hemp cultivation has experienced substantial
growth in the European Union, with an impressive increase in both the cultivated area and
production in recent years. From 1993 to 2018, the EU area dedicated to hemp cultivation
expanded from about 7,000 hectares to 50,000 hectares. Among EU member states, France is
the leading hemp producer in Europe, with the largest proportion of cannabis acreage at 37%,
followed by Italy and the Netherlands with 8% each. In Greece, the percentage of acreage is
less than 1%, but due to soil and climate conditions, this percentage has the potential to
increase significantly (Mirizzi and Troyano, 2018).

Hemp is considered an easy to grow crop. It has fast growth rates, it efficiently suppresses
weeds (Van der Werf, 1994) and the infections from biotic factors are limited. The crop
produces high yield exceeding 25 t ha™ of above ground dry matter depending on
environmental conditions and agronomical practices. Although its high productivity potential,
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in Europe productions from 12 to 25 t ha™ are more likely to occur based on the local
agronomical practices (Blandiniéres et al., 2023; Tang et al., 2017, 2016; Vera et al., 2004)
Water availability highly affects the growth and productivity of cannabis. It is considered a
water-demanding crop from emergence to maturity with long term water stress periods
causing leaf senescence, decreased leaf area, loss in fiber and seed yield, and reduced fiber
quality. Hemp water needs per area of cultivation depend on climate conditions, soil
properties and ground water level. In Spain, Garcia Tejero et al. (2014) estimated the water
needs of hemp at 445 mm, while Baji¢ et al. (2022) estimated the needs at 520 mm.

Nitrogen fertilization tends to increase biomass production, but excessive amounts of nitrogen
lead to weak stems, coarse fibers and stems with above optimum diameter indicating fibers
with reduced breaking strength. In Netherlands, Italy and UK, nitrogen doses up to 160 kg ha’
! significantly increased total above ground dry matter while 220 kg ha™ had small impact
(Struik et al., 2000). In Greece, Papastylianou et al., (2018) reported doses up to 240 kg ha™
having positive effect in above ground biomass. Due to the variability in fertilization doses
found in the literature, on-site research is required per area to determine the optimal amount
(Tsaliki et al., 2021).

The aim of this study was to investigate the impact of varying irrigation and nitrogen
fertilization doses on the biomass growth of hemp throughout its growth cycle in Central
Greece. Determining the water and nitrogen fertilization needs of hemp we can aim for
resource-efficient and environmentally responsible agricultural practices.

Materials and Methods

A field experiment was conducted during 2022 in the farm of the School of Agricultural
Sciences of the University of Thessaly in Greece (longitude 22°45'29" E, latitude 39°23'41"
N, elevation 77 m). The experiment was established in an alkaline clayey soil with organic
matter content at 2.91% and pH at 7.6 at the top 30 cm of soil.
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Figure 1. Weather conditions i.e., average minimum and maximum temperature (°C), and
height of rain (mm).

A split-plot design was employed with three irrigation levels (11:33% ETo, 12: 66% ETo, I3:

100 ETo) and three nitrogen fertilizations (N1:0 kg ha™, N2:50 kg ha™, N3:100 kg ha™)
replicated four times. The variety was Dioica originated from France. The variety was
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selected not only for its productivity and availability but also based on its THC content (as
required by EC regulation). The hemp was sown in early May with a wheat seeder machine.
The seed rate was 30 kg ha™ and the plant density 160 plants m™. Nitrogen was surface
applied to the plots as necessary 40 days after emergence. The irrigation water was applied
based on the potential evapotranspiration (ETo) as calculated with the Penman-Monteith
evapotranspiration equation (Allen et al., 1998). Climatic conditions during the experiment
are shown in Figure 1.

The experimental area was drip-irrigated weekly during the growing period, no pesticides
were applied, and weeds were hand-removed, as needed. During the experiment total above
ground, stem and fibers, dry biomass was measured during periodical harvests. Harvests
started in July and continued throughout the growing period. Harvest dates were H1.:
18/7/2022, H2: 2/8/2022, H3: 19/8/2022 and H4: 21/9/2022. In each harvest date the biomass
of 0.5 m?* was harvested and the total fresh biomass was weighed. Sub-samples from each
sample were taken for dry biomass determination. Leaves were separated from the stem and
stems separated to bark fibers and core. Fibers and core, oven dried till constant weight and
weighted. The effect of Nitrogen fertilization and irrigation on yields was tested by a standard
analysis of variance (ANOVA). As test criterion for differences between means the LSDg o5
was used (Steel and Torrie, 1960).

Results and Discussion

Nitrogen fertilization influenced (P < 0.05) the total and stem dry weight during the first two
harvests and fibers dry weight, during the second harvest (table 1). During the first two
harvests, total dry biomass productivity of N3 was the higher and differentiated from N1 and
N2, while N1 and N2 stayed the same. Stem dry weight had the same trend as total dry weight
with the N3 having the highest productivity. The only difference was that N2 was not
significantly different than N1 and N3. Fibers show differences only during the 2" harvest
with N1 producing less than other two treatments. High nitrogen fertilization (N3) gave an
early advantage to the crop increasing its biomass fast. Later on in growing period when
plants of treatments N1 and N2 developed an extended root system they managed to utilize
the available soil nitrogen, reaching the productivity of N3.

Table 1. Total, stem and fiber dry biomass per harvest date and least significant difference
(LSD) for significance level equal to 0.05.

Total dry weight (t ha™) Stem dry weight (t ha™) Fibers dry weight (t ha)

Factor H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4

11 8.39 9.25a 11.19a 13.36a 3.39 3.83a 5.02a 6.4la 193 256a 2.38a 1.35a
12 8.94 10.06a 14.21b 16.04b 351 430a 6.63b 7.50ab 2.15 257a 3.14b 1.71ab
13 10.05 11.63b 16.90c  18.40c 4.06 5.02b 7.73c 853b 244 295b 3.66c 2.05b
LSDggs Ns 093 145 2.36 ns 056 098 141 ns 035 037 0.39

N1 8.56a 9.66a 13.47 14.10 3.55ab 4.26ab 6.10 6.94 2.07 242a 294 151
N2 8.58a 9.9la 14.30 16.00 337a 4.07a 677 737 210 278 315 1.80
N3 10.22b 11.37b 14.53 17.69 403b 481b 651 811 235 288 3.09 1.80
LSDg g5 1.22 1.02 ns ns 0.61 0.62 ns ns ns 0.28 ns ns

ns: non-significant
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Probably the high fertility status of the soil and the low needs of the crop resulted in this
balance. The organic matter of the soil was high (2.91%) and apparently mineralized
sufficient amount of nitrogen which combined with the nitrogen from fertilizer met the crop
needs (Cabello et al., 2009; Girkin and Cooper, 2022). Maximum total dry biomass
E)roductivity reached 17.7 t ha™ while stem productivity reached 8.11 t ha™ and fibers 1.8 t ha’

Irrigation significantly effect (P < 0.05) the total, stem and fibers dry weight in every harvest
date apart from the first (table 1). During the first harvest date irrigation didn’t show any
effect on dry weights due to the small size of the plants and the water input from the rain, a
fact that created uniformity among the irrigation treatments. From the second harvest date
irrigation differentiated productivity. At 2" harvest 13 total dry biomass differentiated from I1
and 12 giving 11.6 t ha™ in contrast with 9-10 t ha™ of 11 and 12. I3 kept this differentiation
from 11 and 12 in the following harvests reaching 18.4 t ha™ at the final harvest. 11 stayed low
giving the lowest amount of dry biomass throughout the growing period reaching a final
amount of 13.36 t ha™. Total dry biomass of 12 show an increasing trend. Till the second
harvest date it statistically had the same productivity as 11. On the 3™ harvest date it
statistically differentiated from 11 and 13 and at the 4™ harvest its productivity increased to
16.04 t ha™ remaining statistically different from I1 and 13. The same development was
observed in the stem biomass.

Stem biomass of 11 was constantly the smallest and reached a maximum of 6.41 t ha™ at the
4™ harvest. Stem biomass of 12 was statistically equal to the biomass of 11 during first two
harvests and differentiated from 11 and 13 at 3 harvest while on the 4™ harvest it reached a
maximum of 7.5 t ha™ not differentiating from 11 and 13. 13 always had the maximum
productivity with 8.53 t ha™ being the maximum. From the 2" harvest it differentiated from 11
and 12 while in 4th harvest, stem biomass of 12 wasn’t statistically different than 13’s. Like
stem dry biomass, fiber dry biomass developed accordingly with the difference that the
maximum value of 11 was observed at 2" harvest date and of 12 and I3 at 3". Maximum
fibers dry biomass for 11, 12 and 13 was 2.56, 3.14 and 3.66 t ha™ respectively.

Conclusion

The results demonstrated a significant impact of irrigation in total, stem, and fibers biomass of
hemp. Increased water amount increased total and stem biomass and fiber weight. The fiber
weight increased till August and then started to decline. Nitrogen effect biomass productivity
only during the early stages of the crop with high nitrogen input giving an early advantage in
biomass productivity. Later on the biomass productivity of all fertilization treatments were
made even, probably due to the high organic matter content of the soil, which supplied the
crop with enough nitrogen when it developed an extended root system.
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Abstract

Cardoon (Cynara cardunculus L.) is primarily cultivated as a bioenergy crop due to its
lignocellulose biomass. As a perennial crop with a deep root system, it absorbs nutrients from
the soil, which are removed from the field during harvest, as long as with water used for
evapotranspiration. The crop needs in nitrogen and water are rarely provided by the farmers
influencing cultivation outcomes. Because proper nutrient and water management ensures the
optimal plant growth and biomass yield, a field experiment was carried out during summer
2022 on a clay loamy soil in Greece (experimental farm of the University of Thessaly in
Velestino) to evaluate the effects of four different irrigation and four different nitrogen
fertilization levels in growth and biomass yield of cardoon. The used experimental design was
a factorial split-plot with three replications, where the main factor was the irrigation and the
sub-factor the N-fertilization. The total fresh and dry biomass yield (kg ha™) was measured
throughout the growing period. It was found that nitrogen fertilization had a statistically
significant effect throughout cardoon’s growth. Although literature claims that Cynara can be
cultivated for ten years, the current cultivation was on its 14™ growing year and the results
have shown that the attained dry biomass output may be doubled when compared to the
treatment with no inputs, reaching a yield of 11 tons per hectare.

Keywords: cardoon, Cynara cardunculus, irrigation, N-fertilization, growth.
Introduction

Cardoon, scientifically known as Cynara cardunculus L., is a perennial plant native to the
Mediterranean region and belongs to the Asteraceae family (Wiklund, 1992). In the 1980s,
researchers began exploring cardoon's potential as a perennial crop for lignocellulosic
biomass production (Ferndndez and Manzanares, 1990). Since then, cardoon has been
cultivated as an energy crop for solid fuel generation (lerna et al.,, 2012; lerna and
Mauromicale, 2010; Angelini et al., 2009; Curt et al., 2002; Foti et al., 1999). Recently, there
has been a shift towards using cardoon for biogas production (Ferrero et al., 2020).

Raccuia and Melilli (2007) identified cardoon's key growth phases: shoot establishment in
September, leaf rosette development from November to January, flower stem elongation in
April to May, full bloom in June, fruit maturation in July, and aerial biomass drying in
August. According to Cravero et al. (2012), cardoon shows rapid growth and can accumulate
dry matter.

Cardoon is known for being a crop that requires relatively low inputs but can still achieve
high biomass productivity with a high calorific value, as noted by Fernandez et al. (2006). In
terms of irrigation requirements, the FAO suggests a range of 450-1000 mm of annual
rainfall. However, Fernandez et al. (2006) found that cardoon was able to survive with as
little as 280 mm of annual rainfall and was able to regenerate after such a season.
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Mantineo et al. (2009) and Grammelis et al. (2008) studied the effect of nitrogen treatments
on cardoon yield. However, little research has been done on the impact of complete
fertilization programs (N, P, and K) commonly used on C. cardunculus (Fernandez et al.,
2006) on biomass output, which can help evaluate the crop's sustainability more
comprehensively.

Additional research is needed to understand the characteristics and performance of cardoon
plants grown in the field for more than 12 years. Despite previous studies on cardoon yield,
energy productivity, and soil-cleaning properties, there is a lack of specific research on older
cardoon crops. Conducting a study to investigate the impact of irrigation and fertilization on
the yield of established artichoke crops would be valuable in filling this knowledge gap.

Materials and Methods

Experimental Field
To assess cardoon's biomass production and potential for lignocellulosic biomass, a detailed
field experiment was conducted. Cynara cardunculus was planted in 2009 at the University of
Thessaly farm in Velestino, Magnesia.
For the purposes of the study, a factorial split-plot design was used, consisted of three
replicates and twelve plots per replication. The primary factor was irrigation levels (11, 12, 13,
and 14) representing 0%, 33%, 66%, and 100% of the reference evapotranspiration (ETo), and
the sub-factor was nitrogen fertilization levels (N1, N2, N3, and N4) representing 0, 50, 100,
and 150 kg ha™ of urine ammonia (46-0-0 composition). Each plot had dimensions of 10 m
width and 4 m length, totaling 40 m?.
To assess the growth and yield of cardoon plants, sampling was conducted at various
development stages, specifically on the dates 18™ July, 1% August, and 18" August. For each
sampling event, the above-ground portions of the plants within a designated area of 0.5 m?
(measuring 100 cm x 50 cm) were carefully harvested from each experimental plot.
From each plot, a representative plant sample was selected, and its fresh weight was measured
to establish a baseline measurement. The samples were then divided into their respective
components and prepared for drying, in an air dryer set at 59°C. This controlled drying
environment ensured the removal of moisture from the samples while maintaining their
structure and minimizing biomass loss.

Meteorological Data and Statistical Analysis
The meteorological data utilized in this study was sourced from the meteorological station
located on the farm of the University of Thessaly in Velestino.
To analyze the collected data and draw meaningful conclusions, the statistical software
GenStat (7™ Edition) was used. The ANOVA allowed for a comprehensive examination of the
data, enabling the identification of any significant differences between the investigated
variables.
To evaluate the differences between means of the main and/or interaction effects, the LSDg o5
test criterion was utilized (Steel and Torrie, 1982). By employing statistical analysis, any
discrepancies between the investigated variables could be thoroughly examined and
determined to be statistically significant rather than mere coincidences.
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Results and Discussion

Weather Data

The study region is located in a Mediterranean climate zone. The recorded data for this study
indicates that the maximum average air temperature during winter was 9.1°C, while the
lowest recorded temperature was 2.0°C. During the sampling period, the maximum average
air temperature reached 28.6°C, with the lowest temperature recorded at 25.4°C (Fig.1).
Additionally, the rainfall data for the region indicated fluctuating amounts of precipitation
between each harvest period. Specifically, the recorded rainfall measurements were 312 mm,
0.7 mm, and 0 mm, respectively. These figures emphasize the occurrence of drought
conditions during the summer months, particularly from mid-July to mid-August (Fig.1). The
scarcity of rainfall during this period underscores the arid nature of the Mediterranean
summer and its potential impact on agricultural practices.

Metearologecal data
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Figure 1. Temperature and precipitation (10-days mean values) occurring in studied site during the
growing period of cardoon in 2022.

Plant Height
The higher plant height was recorded in August (2™ and 3™ sampling; 1.7 m) for the full
irrigated treatments (Table 1). Plant height was significantly affected by fertilization input
only at the first sampling and later on plants achieved the same height regardless fertilization.
On the other hand, irrigation appears to affect plant height growth, the effect of which is clear
in the 2nd and 3rd cut where no rainfall has occurred. The abovementioned height of the 1.7
meters is lower than that reported by Angelini et al., (2009).

Table 1. Plants height (m).

lst 2nd 3rd lst 2nd 3rd

Sampling Sampling Sampling Sampling Sampling Sampling

11 1,36 1,47 1,41 1IN1 1,39 1,51 1,46
12 1,31 1,31 1,39 11IN2 1,17 1,49 1,33
K 1,31 1,28 1,35 I1IN3 1,56 1,41 1,42
14 1,53 1,70 1,68 11N4 1,31 1,46 1,43
LSD o5 ns 0,24 0,24 12N1 1,24 1,36 1,35
N1 1,36 1,50 1,49 12N2 1,31 1,29 1,37
N2 1,34 1,36 1,41 12N3 1,30 1,31 1,41
N3 1,48 1,41 1,47 12N4 1,39 1,26 1,40
N4 1,32 1,47 1,46 I3N1 1,34 1,41 1,36
LSD o5 0,118 ns ns I3N2 1,26 1,04 1,31
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1,36 1,47 1,41 I3N3 1,56 1,30 1,35
1,31 1,31 1,39 13N4 1,06 1,36 1,39
1,31 1,28 1,35 14N1 1,47 1,73 1,80
1,53 1,70 1,68 14N2 1,62 1,64 1,62
ns 0,24 0,24 14N3 1,51 1,62 1,68
1,36 1,50 1,49 14N4 1,50 1,79 1,63
LSD o5 0,256 ns ns

CV (%) 10,2 9,8 8,1

Biomass dry yield
In Central Greece, the crop yield during the last sampling period exceeded a mean of 7,616 kg
ha. Rainfed cardoon yielded 5,448 kg ha™ during this period, while fully irrigated treatments
yielded twice as much dry biomass as the rainfed yield (Table 2).
These findings align with a previous study conducted in Central and South Italy by Angelini
et al. in 2009. The results from both studies demonstrate the positive impact of irrigation on
crop yield, highlighting the importance of adequate water supply for cardoon cultivation.
The average dry yield in this study is about half of the yield reported by Foti et al. in 1999. It
is worth noting that the literature references the cardoon's full productive years, specifically
the 3rd and 4th years of growth. The current study might have been conducted during earlier
growth stages or under different conditions, which could explain the difference in yields
observed.
These findings highlight the importance of considering factors like irrigation and crop
maturity when interpreting and comparing yield results. It is crucial to consider specific
growth stages and environmental conditions to accurately assess and understand crop
productivity.
In Basilicata, low yields were observed in rainfed conditions, as reported by Piscioneri et al.
in 1999. The dry biomass yields ranged from 10,000 to 15,000 kg ha™ during the third year of
cultivation. This study highlights the challenges and limitations of rainfed cardoon cultivation
in this region. Another study conducted under similar climatic conditions by Neri et al. in
2017 reported an average dry yield of approximately 22,000 kg ha”'. These results are
consistent with the yields obtained in Spain, as documented by Gonzales et al. in 2004 and
Ochoa and Fandos in 2004. These findings suggest that favorable climatic conditions can
contribute to higher yields in cardoon cultivation. Those yield are higher than the double of
the producing dry yield in our study, which is in agreement with the large-scale field
experiment conducted in Portugal by Gominho ef al. in 2014 reported a total dry biomass
yield of 9,700 kg ha™. This study demonstrates the potential for achieving significant yields
under suitable environmental conditions and with proper cultivation practices.
The results presented in Table 2 clearly indicate that both investigated factors had a notable
influence on the final dry yield. Among the treatments, I3N4 and 14N4 exhibited the highest
biomass production. It is worth noting that no statistically significant differences were
observed between these two treatments. This finding suggests that the treatment with lower
water supply, represented by I3N4, may be more advantageous when considering both
environmental and financial aspects.
The implication of this result is that optimizing water usage in cardoon cultivation is crucial.
Excessive irrigation, beyond what is necessary for optimal growth, may not necessarily lead
to higher yields. By carefully managing water supply and avoiding unnecessary water usage,
farmers can potentially reduce their environmental impact while also minimizing the
associated financial costs.

153



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

This finding aligns with the broader concept of sustainable agriculture, where resource
efficiency and environmental stewardship are prioritized. It highlights the importance of
considering the specific water requirements of cardoon crops and tailoring irrigation practices
accordingly. By adopting efficient irrigation strategies, farmers can strive to achieve
satisfactory yields while minimizing the negative impacts on water resources and overall
sustainability.

In conclusion, the results from Table 2 underscore the significance of optimizing water usage
in cardoon cultivation. The treatments with lower water supply demonstrated comparable
biomass production to those with higher water supply, emphasizing the importance of
considering both environmental and financial costs in agricultural decision-making. This
finding encourages the adoption of sustainable irrigation practices, aiming to strike a balance
between crop productivity and resource conservation.

Table 2. Biomass dry yield (kg ha™).

1st 2nd 3rd 1st 2nd 3rd
Sampling Sampling Sampling Sampling Sampling Sampling
11 6767 7717 5448 11IN1 6277 6816 5051
12 6930 8329 6800 I1IN2 4731 6745 5160
13 7296 9526 7791 1IN3 7943 8592 5857
14 7560 10376 10425 I1N4 8119 8714 5723
LSD o5 ns 1066,1 2270,2 12N1 6489 7315 6584
N1 6565 8357 6442 12N2 6807 8517 6598
N2 6585 8665 7142 12N3 7146 8676 6802
N3 7879 9197 8000 12N4 7277 8807 7215
N4 7524 9726 8880 I3N1 6946 9100 4627
LSD o5 995,9 ns 878,0 I3N2 7248 9245 6697
I3N3 7984 9328 8419
I3N4 7005 10429 11422
14N1 6548 10198 9505
14N2 7553 10153 10111
14N3 8442 10189 10922
14N4 7697 10966 11161
LSD g5 ns ns 2532,7
CV (%) 16,6 27,6 13,7

Conclusions

Indeed, the cultivation of wild artichoke (cardoon) beyond its 10" year of growth has shown
the potential to produce high dry biomass yields. This indicates that the crop can continue to
be productive over an extended period of time.

Providing additional water support during the spring and summer months, when there is a
lack of rainfall, has been found to be beneficial for cardoon cultivation. This practice has been
shown to double the production of dry biomass compared to rainfed conditions. It highlights
the importance of irrigation in maximizing crop yield and addressing water scarcity during
critical growth stages.

Furthermore, fertilization with 100-150 kg of nitrogen per hectare has been identified as
necessary for optimal cardoon cultivation. Nitrogen is an essential nutrient for plant growth
and development and supplying it in adequate quantities can enhance biomass production.
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Considering cardoon as a perennial crop that primarily grows during the winter months and
relies on winter rainfall is promising, especially for semi-mountainous areas that are
experiencing abandonment. These regions often face challenges in finding suitable crops due
to their unique climatic and geographical conditions. Cardoon's ability to thrive in such areas,
coupled with its perennial nature, can provide economic opportunities, and help mitigate land
abandonment.

In summary, the cultivation of wild artichoke (cardoon) beyond its 10th year of growth has
shown potential for high dry biomass production. Providing water support during dry months
and fertilizing with nitrogen are important factors in maximizing vyield. Additionally,
cardoon's suitability for semi-mountainous areas offers a promising opportunity for
sustainable agriculture and land utilization in regions experiencing abandonment.
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Abstract

Switchgrass (Panicum virgatum L.) is an important perennial biomass-producing crop,
yielding up to 18 Mg ha™* of dry biomass. Switchgrass biomass has high cellulose and lignin
content, making it suitable for bioenergy and materials production. Harvesting the biomass
yield of switchgrass annually removes nutrients from the soil. The soil nutrient depletion
combined with insufficient precipitation limits crop productivity. Accurate information on
irrigation and nitrogen fertilization inputs is necessary to provide switchgrass with the best
possible growing circumstances, as these two factors affect biomass productivity. The aim of
this study was to determine the effect of three different irrigation and three different nitrogen
fertilization levels on its lignocellulosic biomass production. The experimental design was a
split-plot with three replicates where irrigation was the main factor and N-fertilization was the
sub-factor. Throughout the growing period, destructive samplings were carried out to measure
total fresh and dry biomass (kg ha™). According to the findings, nitrogen fertilizer was the
factor that affected biomass yield. The average dry biomass yield ranged about 10 tons per
hectare, with a moisture content of 65-70%, in the middle of summer, while at the final
harvest (October) the average yield increased up to 19 t ha™ and the moisture content was
about 50-55%. Although switchgrass cultivation was beyond its tenth year of growth, the
harvested yield maintained at high levels, making the crop a dynamic perennial solution for
lignocellulosic biomass production.

Keywords: Switchgrass, Panicum virgatum, irrigation, N-fertilization, lignocellulosic.
Introduction

Switchgrass, scientifically known as Panicum virgatum L., is a perennial grass used for
energy production (Pedroso et al., 2014; McLaughlin and Kszos, 2005; Wright, 1996) in
Europe and America. It has a lifespan of 15-20 years (Rosch et al., 2009; Monti et al., 2009)
and can be converted into thermal and lignocellulosic products (Bouton, 2008). Originally
from North America, switchgrass is grown on marginal croplands and conservation reserve
program sites in the United States. This cultivation strategy supports the US government's
2030 bioenergy objective of replacing 30% of petroleum with biofuels (Dohleman et al.,
2009; Heaton et al., 2004).

Parrish and Fike (2005) found that switchgrass as a bioenergy crop is a new concept.
Sanderson et al. (2006) believed that managing switchgrass agriculturally would be similar to
forage management in early research.

Switchgrass has several advantages over other biomass crops. Firstly, it has a high net energy
production per hectare potential. It is also a cost-effective option for bioenergy production due
to minimal production costs, particularly for seed establishment. Switchgrass exhibits
excellent water-use efficiency, enabling it to thrive in various water availability conditions.
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Moreover, it has low nutritional requirements, reducing the need for excessive fertilizer or
nutrient inputs. With its low ash level, switchgrass is suitable for combustion processes and
minimizes residue after energy extraction. Lastly, switchgrass has wide geographic
adaptation, as noted by Wright and Turhollow (2010), Parrish and Fike (2005), Christian and
Elbersen (1998), Sanderson et al. (1996), and Samson and Omielan (1992). This enhances its
potential as a bioenergy crop by allowing cultivation in diverse climates and geographic areas.
Switchgrass generally builds up its biomass in the late spring and summer in areas with arid
Mediterranean climates, which are typified by protracted and severe summer droughts.
According to Vamvuka et al. (2010), the timing of biomass accumulation can present a
substantial barrier to maintaining crop output and survival. This issue has been supported by
earlier research by Giannoulis and Danalatos (2014) and Vamvuka et al. (2010), which
showed a considerable decline in biomass productivity as a result of the prolonged and severe
drought conditions.

To ensure high biomass productivity, irrigation is necessary in regions with similar climates
to the Mediterranean basin, where water scarcity and high evapotranspiration rates limit crop
growth. Heaton et al. (2004) studied the response of switchgrass and other perennial grasses
to water, temperature, and nitrogen levels. They found a positive correlation between biomass
yield and growing season rainfall (Jager et al., 2010) and nitrogen. Wullschleger et al. (2010)
used a parametric yield model to establish a connection between biomass yields and factors
such as N fertilization, growth season precipitation, and annual temperature. Their model
accounted for approximately one-third of the observed data's overall variance.

Switchgrass's nitrogen fertilizer needs as a bioenergy crop vary depending on location, soil
nitrogen levels, harvest frequency, and management. Previous studies (Lemus et al., 2009;
Mulkey et al., 2006; Thomason et al., 2004) highlight this variation. Adjusting nitrogen
application based on specific site and soil conditions is crucial for maximizing biomass
production and nitrogen use efficiency. Factors like soil nutrient content, availability, and
switchgrass variety requirements should be considered (Parrish and Fike, 2005).

Although several significant studies on the biomass and energy productivity of switchgrass in
the Mediterranean environment have been carried out (Alexopoulou et al., 2008; Mantineo et
al., 2009; Giannoulis and Danalatos, 2014; Pedroso et al., 2014), there is still a dearth of
literature on the impact of irrigation and fertilization on switchgrass established for more than
10 years as well as on its productivity.

Materials and Methods

Experimental Field

In order to estimate biomass production and ultimately use it to produce lignocellulosic
biomass, a field experiment was conducted on a switchgrass crop planted in 2010 on the
University of Thessaly farm in Velestino, Magnesia, at coordinates 39°23' N and 22°45' E.

A factorial split-plot design with three replicates (blocks) and nine plots per replication was
used to accomplish the study goals. The sub-factor was the varied nitrogen fertilization levels
(N1: 0, N2: 50, N3: 100 kg ha™, using urine ammonia 46-0-0), while the primary factor was
the different irrigation levels (11: 33, 12: 66, and 13: 100% ETo). Each trial plot had a 55 m?
area, measuring 11 m in width and 5.5 m in length. The study's overall objective was to offer
useful information on the effects of various irrigation and nitrogen fertilization levels on crop
output in a Mediterranean soil-climate system.

Plants were sampled at various stages (1/8, 18/8, 20/9, 31/10) to evaluate switchgrass crop
growth and yield. From each experimental plot, the above-ground parts of the plants within a
0.5 m? area were cut for sampling. A representative plant sample was selected and weighed
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for fresh weight before drying. The initial total fresh weight was recorded. The samples were
divided into components and dried using an air dryer at 59°C.

Soil Characteristics
The experimental field's soil is classified as calcixerollic xerochrept (USDA, 1975) and is
highly productive, with organic matter levels of 2.91% at 0—30 cm and 1.86% at 30—60 cm. It
is an alkaline clayey soil with pH values of 7.63 and 7.9 at 0-30 cm and 30-60 cm,
respectively.

Meteorological Data and Statistical Analysis

The meteorological data comes from the meteorological station of the Department of
Agriculture, Plant Production and Rural Environment, which is installed on the farm of the
University of Thessaly in Velestino.

Finally, using the statistical software GenStat (7" Edition), an analysis of variance (ANOVA)
for all measured and derived variables was performed on the obtained data within the sample
durations. The LSDg g5 test criterion was used to evaluate the differences between means of
the main and/or interaction effects (Steel and Torrie, 1982). By using statistics, the data could
be thoroughly examined, and any discrepancies between the investigated variables that were
found would be statistically significant and not just coincidental.

Results and Discussion

Climatic Data
The study region has a Mediterranean climate with distinct seasonal variations. Winters are
cold and humid, while summers are hot and dry. The average air temperatures recorded
during each harvest season were 27.9°C, 26.9°C, 23.8°C, and 15.7°C, respectively. These
temperatures reflect the contrasting seasons in which the harvests occur.
Rainfall varied among harvests, with measurements of 117.4 mm, 0.7 mm, 68 mm, and 38
mm, respectively. These figures highlight fluctuating precipitation patterns. Summer months,
especially mid-July to mid-August, have the lowest rainfall, while the rest of the year is better
for cultivation.
Increased rainfall, particularly from August onwards, balances irrigators' performance in the
region. This ensures sufficient water supply for agriculture. Consequently, non-summer
months become more conducive to cultivation due to increased water availability.
In summary, the study region has a Mediterranean climate with distinct seasons: cold, humid
winters and hot, dry summers. Recorded temperatures and rainfall during harvest seasons
illustrate contrasting conditions throughout the year. Summer scarcity is offset by increased
precipitation in other seasons, creating a more favorable environment for agriculture.
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Meteorological data of the Study Area
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Figure 1. Temperature and precipitation (10-days mean values) occurring in studied site during the
growing period of switchgrass in 2022.

Switchgrass Height

The treatment of the 50 kg ha-' N-fertilization and the medium irrigation (12N2; Table 1)
resulted in the greater plant height (1.97 m), which was seen in the most recent sample.
During its growth, irrigation and fertilizing input had no discernible impact on plant height.
As previously noted in the chapter (climatic data), this occurred as a result of the excessive
precipitation that occurred throughout the growth season. This height was similar to the height
that reported (Piscioneri et al., 2001) for the Alamo cultivar (maximum plant height of 1.9 m).
Switchgrass’ height increased almost linearly until flowering in each treatment, when stem
elongation ceased due to transition to the reproducing stage. The highest rate of height
increase was almost 2.09 cm day .

Table 1. Switchgrass height (m).

1st 2nd 3rd 4th
Sampling Sampling Sampling Sampling
11 1.14 1.37 1.76 1.80
12 1.21 1.27 1.66 1.86
13 1.16 1.42 1.70 191
LSDy 05 ns ns ns ns
N1 1.14 1.32 1.65 1.89
N2 1.13 1.33 1.72 1.84
N3 1.24 1.40 1.76 1.80
LSDo.0s ns ns ns ns
11IN1 1.06 1.46 1.70 2.00
11N2 1.15 1.28 1.73 1.61
11N3 1.20 1.37 1.85 1.79
12N1 1.21 1.16 1.61 1.81
12N2 1.12 1.24 1.61 1.97
12N3 1.31 1.40 1.77 1.80
I3N1 1.16 1.35 1,64 1.85
I3N2 111 1.48 1.81 1.92
I3N3 1.21 1.43 1.66 1.95
LSDo.0s ns ns ns 0.333
CV (%) 11.2 11.2 9.0 6.8
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Biomass dry yield
The middle irrigated and fertilized treatment had greater average dry biomass (25531 kg ha™,
I2N3; Table 2). In comparison to yields reported in other investigations (Boyer et al., 2013;
Paligwende et al., 2011; Lemus et al., 2002), this yield is greater. The production reported
above is really impressive, especially considering that switchgrass was in its eleventh growing
season.
In addition, it was discovered that irrigation level only significantly affected the dry biomass
of switchgrass during the first cut (Table 2), which occurred on August 1; subsequent
samplings, which were impacted by high rainfall from that point on, showed no significant
statistical differences from irrigation.
On each sampling, however, a substantial difference for fertilization was discovered. In
particular, it was discovered that only the control differed from the fertilized treatments
during the initial sample. However, from that point on, all fertilization levels varied from one
another, with a greater nitrogen level producing a higher biomass production. The above
results totally agree with a previous study conducted in central Texas (Lemus et al., 2008;
Stroup et al., 2003), where was reported that nitrogen had higher effect on growth than
irrigation in yield of the same switchgrass’ variety.
In the middle of the summer, the average dry biomass output varied between 10 and 19 tons
per hectare, with a moisture level of between 67% and 70%. By the time of the final harvest
in October, the average yield had climbed to 19 t ha™* and the moisture content had decreased
to between 50 and 55%.

Table 2. Biomass dry yield (kg ha-1).

1st 2nd 3rd 4th
Sampling Sampling Sampling Sampling
11 10036 13745 16140 20992
12 10821 13054 16941 21292
13 11446 15786 17498 21353
LSDo.os 691,3 ns ns ns
N1 9329 11347 13588 17296
N2 11184 14378 16627 22266
N3 11789 16858 20364 24076
LSDo.0s 1217,6 1267,0 2933,6 1487,7
IIN1 8596 11962 14586 19485
11N2 10223 12356 16200 20831
I1N3 11288 16916 17636 22661
12N1 9592 10223 12741 15708
12N2 11400 12824 17103 22636
12N3 11472 16114 20979 25531
I3N1 9799 11857 13436 16694
13N2 11931 17954 16579 23330
I3N3 12607 17546 22479 24036
LSDo.0s ns 2667,2 1633,3 3121,2
CV (%) 11,0 8,7 9,4 6,8

Conclusions
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Switchgrass (cv. Alamo), which produced high dry biomass (25531 kg ha™) even at low
irrigation levels (66% ETo), seems to be a plant that may produce considerable quantities of
biomass under the soil-climatic conditions of central Greece in the eleventh year after its
establishment. Additionally, it was shown that nitrogen fertilizer was the factor that had a
statistically significant influence on biomass output regardless of the climate where it was
applied.

Although switchgrass cultivation had reached its tenth year of development, the crop's
excellent harvested yield made it a dynamic, promising alternate perennial option for the
production of lignocellulosic biomass with little irrigation inputs. Future land use systems in
Greece and the wider Mediterranean region should seriously explore including it.
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Abstract

Olive oil is considered as one of the main components of the Mediterranean diet. During the
last decades, intense interest has arisen in the consumption of organically produced products,
due to the belief that these are of better quality than the ones produced under integrated
management. The present trial aimed to assess the quality characteristics of olive oils
produced under organic and integrated management. Three organically and three integrated
managed olive groves were selected, of ‘Koroneiki’ cultivar in Messinia county, southern
Greece. Olive fruits were harvested from four trees of each orchard and the oil was extracted
in a micro-olive oil extraction machine. The fruit oil percentage, acidity, UV-specific
absorbance values (K232 and K270), peroxide values, total phenolic compounds, and
antioxidant capacity were assessed. There was not any significant difference concerning the
oil percentage of the fruit, the olive oil acidity, K232, K270, peroxide value, total phenolic
compounds, total o-diphenols, and antioxidant capacity based on diphenyl picryl-hydrazyl
assay between organic and integrated grown trees. Integrated produced olive oil presented
higher values of antioxidant capacity based on ferric reducing antioxidant power assay as well
as higher flavonoids content. There were significant differences among orchards cultivated
under the same management, indicating that it is not only the management itself (organic or
integrated) that results in differences in the quality indexes assessed, but the agronomical
practices of each specific grower that distinguishes olive oil properties.

Keywords: Acidity, Antioxidant Capacity, Peroxide Values, Total Phenolics.
Introduction

During the last few decades, intense interest has arisen in the benefits of a healthy diet and
environmental sustainability, on a local as well as on a global scale (Reganold and Wachter
2020). Organic agriculture is based on the cultivation of plants (horticultural sector) based on
natural resources, excluding conventional inputs such as synthetic fertilizers, pesticides, and
any kind of pharmaceuticals (Reganold and Wachter 2020).

Within this frame, the olive tree, the most significant fruit tree in the Mediterranean basin in
terms of both socioeconomic and environmental impact, is best suited for organic cultivation.
Its products (table olives and olive oil) are the cornerstone of the Mediterranean diet, which is
famous for its health benefits. During the last decade, olive oil has gained even more
reputation due to the health claim that has been achieved, due to its richness in valuable
polyphenols and other antioxidant compounds (Lombardi et al. 2021; Bellumori et al. 2019;
Martin-Pelaez et al. 2013).

The olive tree is an evergreen perennial tree that is cultivated under a variety of pedoclimatic
conditions, producing adequately even under harsh conditions, such as drought, high
temperature, soil salinity, etc, depending on the cultivar. One of the most important olive oil
cultivars worldwide is ‘Koroneiki’, which is well suited to both irrigated and rainfed
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conditions. Under proper cultivation practices, it produces Extra Virgin Olive Oil (EVOO),
highly appreciated by consumers.

The present trial aimed to investigate the effect of integrated and organic cultivation practices
on the productivity of ‘Koroneiki’ olive trees and the quality of olive oil produced.

Materials and Methods

The trial was conducted in three organically managed and three integrated managed olive
groves of the cultivar ‘Koroneiki’., in Southern Greece, in the region of Kiparissia, Messinia
county.
Eight trees of similar growth and yield were selected per orchard, with two trees comprising
one plot, i.e. there were four replications of two trees per orchard. In the mid of November,
the trees were harvested and a sample of 1 kg per plot was transferred to the laboratory. The
olive oil was extracted using a laboratory-scale olive mill (Callis Company, Athens, Greece).
The paste was put in the mixer for 35 min under 26+2 °C and afterward centrifuged for 3 min.
The olive oil was collected and stored in 50 mL falcon-type tubes filled to the top to minimize
air presence till analyses. The olive oils were analyzed for free acid concentration (expressed
as a percentage of oleic acid), peroxide value (expresses as meq. O,/kg oil), and specific
extinction values (K232 and K270) based on EU Commission Regulation N 2568/91/EEC
(Commission 1991). Polyphenols were isolated through liquid-liquid extraction with
methanol/water (80: 20 vol/vol) solution (Cecchi et al. 2018). The total phenols (TPHEN, as
mg gallic acid equivalents Kg™ oil), the total o-diphenols (oDs, as mg caffeic acid equivalents
Kg™' oil), and the total flavonoids (FLOIDS, as mg caffeic acid equivalents Kg™ oil)
antioxidant capacity (as pmol Trolox Kg™ oil) based on the diphenyl picryl hydrazyl assay
(DPPH) and on the ferric reducing power assay (FRAP) were determined according to
(Roussos et al. 2009). Different samples of olive oils were examined after 6 and 12 months of
storage under ambient temperature in a dark place, stimulating household storage conditions.
The trial was designed as a pseudoreplicated trial with three replications (one orchard was
assigned as one replication of either organic or integrated management and within each
orchard, four samples were taken). Differences among cultivation managements employed
were determined using the Student’s T test, while differences among farms under the same
management were determined based on LSD multiple range test at 0=0.05. Principal
component analysis was performed to investigate possible relationships and discrimination
among cultivation management as well as among farmers, employing the same cultivation
management (organic or integrated).

Results and Discussion

There were not any significant differences between the two cultivation management based on
the measured variables presented in Table 1. The olive oils produced presented typical
characteristics of EVOO under both organic and integrated management, while the oil
percentage per fruit was typical of ‘Koroneiki’ cultivar.
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Table 1. Effect of orchard management on the yield, oil percentage per fruit, free olive oil
acidity, K232, K270 and peroxide value indexes.

Management | Yield Qil Free K232 | K270 | Peroxide
(kg/tree) | percentage | acidity (% value  (meg.
(% wiw) oleic acid) 0,/kQg)
Integrated 29.11a 23.82a 0.34a ;.919 2.179 9.6a
Organic 40.95a 25.97a 0423 ;.648 2.169 12 9a

Means within the same column, under the same growing conditions, followed by different letters differ
significantly based on Student’s test at a=0.05.

Olive oils produced under integrated management presented higher values of total flavonoid
concentration and higher antioxidant capacity based on FRAP assay, compared to organically
produced oils (Table 2).

Table 2. Effect of orchard management on the total phenol, total o-diphenol and total
flavonoid concentration in the oil and its antioxidant capacity based on DPPH and FRAP
assays.

Management Total Total o- | Total FRAP DPPH
phenols | diphenols flavonoids

Integrated 330.55a | 53.71a 475.48a 1431.12a | 1400.19a

Organic 283.19a | 40.82a 378.37b 974.83b | 1180.00a

Means within the same column, under the same growing conditions, followed by different letters differ
significantly based on Student’s test at a=0.05.

There were significant differences among olive oils produced under organic management
from the different groves assayed (Table 3). Farm 1 presented the highest values of oil
percentage per fruit but also the highest free oil acidity.

Table 3. Differences among organically managed farms (OF) on the yield, oil percentage per
fruit, free olive oil acidity, K232, K270 and peroxide value indexes.

Farm Yield Oil percentage | Free K232 K270 Peroxide
(kg/tree) | (% wiw) acidity value  (meg.
(% oleic 0O2/kQ)
acid)
OF1 24.26b 31.15a 0.49a 1.754a |0.147b | 16.3a
OF 2 11.99¢ 18.91c 0.32b 1.557a | 0.242a | 6.3b
OF 3 51.07a 21.40b 0.28b 1.633a |0.112c | 16.3a

Means within the same column, under the same growing conditions, followed by different letters differ
significantly based on LSD test at 0=0.05.

Similarly, farm 1 presented the highest total o-diphenols concentration while oils produced
from farm 3 exhibited low values of total phenols and o-diphenols (Table 4).

Oils produced from the integrated farm 3 presented higher values of K232 and K270 indexes
while farm 1 harvested fruits exhibited the highest olive oil percentage per fruit (Table 5).
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Table 4. Differences among organically managed farms (OF) on the total phenol, total o-
diphenol and total flavonoid concentration in the oil and its antioxidant capacity based on
DPPH and FRAP assays.

Farm Total Total o- | Total FRAP DPPH
phenols | diphenols flavonoids

OF 1 292.60ab | 81.21a 368.73a 840.49b 1320.60ab

OF 2 368.76a | 21.91b 405.32a 1254.38a 1416.45a

OF 3 190.40b | 19.33b 361.06a 936.35b 999.61b

Means within the same column, under the same growing conditions, followed by different letters differ
significantly based on LSD test at 0=0.05.

Table 5. Differences among integrated managed farms (IF) on the yield, oil percentage per
fruit, free olive oil acidity, K232, K270 and peroxide value indexes.

Farm Yield Oil Free K232 K270 Peroxide
(kg/tree) | percentage acidity value
(% wiw) (% oleic (meq.
acid) 02/kg)
IF1 20.31c 28.64a 0.35a 1.848b | 0.150b | 8.8a
IF2 43.49h 25.49b 0.35a 1.772b | 0.127b | 7.5a
IF3 59.05a 23.77b 0.32a 2.139a | 0.260a | 12.5a

Means within the same column, under the same growing conditions, followed by different letters differ
significantly based on LSD test at 0=0.05.

Olive oils produced from integrated managed farm 2 exhibited the lowest total phenol and
total o-diphenol content as well as the lowest antioxidant capacity, based on DPPH assay
(Table 6).

Table 6. Differences among integrated managed farms (IF) on the total phenol, total o-
diphenol and total flavonoid concentration in the oil and its antioxidant capacity based on
DPPH and FRAP assays.

Farm Total Total o- | Total FRAP DPPH
phenols | diphenols flavonoids

IF1 375.37a | 64.45a 558.61a 1660.06a 1412.21b

IF2 214.88b | 18.05b 374.65a 1162.44a 957.93c

IF3 401.41a | 78.63a 493.20a 1470.85a 1830.45a

Means within the same column, under the same growing conditions, followed by different letters differ
significantly based on LSD test at 0=0.05.
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Figure 1. Effect of cultivation management on the quality characteristics of olive oil six (6)
months after extraction. Different letters above columns indicate significant differences
among cultivation management based on Student’s T-test at a=0.05. The absence of lettering
indicates non-significant differences. TPhen, total phenols, oDs, total o-diphenols, FLOIDS,
total flavonoids.

Olive oils produced under the two cultivation managements did not differ a lot after six
months of household storage, as the only difference observed was the superiority of integrated
produced olive oil concerning the total o-diphenols concentration (Figure 1).

Twelve months after household storage (Figure 2) olive oil produced under integrated
management exhibited higher values of K232 and K270 and lower concentration of o-
diphenols.

The following figures (Figures 3-4) present the scatterplots of the principal component
analysis during harvest, where it is obvious that olive oils present similar characteristics,
produced either under organic or integrated management, and cannot be distinguished by each
other. This can be ascribed to the fact that olive oils from different farms managed under the
same cultivation practice (either organic or integrated) presented significantly different
characteristics. These differences within the same management may be enough to diminish
any possible differences that could be found between organic and integrated produced olive
oils. The differences observed in the present trial as well as the similarities between integrated
and organically produced olive oils have been described in the literature (Volakakis et al.
2017; Garcia-Gonzalez et al. 2014; Volakakis et al. 2022; Jimenez et al. 2014)
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Figure 2. Effect of cultivation management on the quality characteristics of olive oil twelve
(12) months after extraction. Different letters above columns indicate significant differences
among cultivation management based on Student’s T-test at a=0.05. The absence of lettering
indicates non-significant differences. TPhen, total phenols, oDs, total o-diphenols, FLOIDS,
total flavonoids.

Conclusion

There were significant differences between the two management practices as well as among
orchards cultivated under the same management, indicating that it is not only the management
itself (organic or integrated) that results in differences in the quality indexes assessed, but the
agronomical practices of each specific grower that distinguishes olive oil properties.

Figure 3. Scatterplot presentation of the principal component analysis
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Figure 4. Scatterplot presentation of the principal component analysis of the data derived
during harvest among organic (A) and integrated farmers (B).
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Abstract

The objective of this study was to evaluate the effectiveness of exogenously applied
carbohydrates, phenolic compounds, polyamines, and oxidative enzyme inhibitors in
enhancing adventitious rooting in leafy cuttings of the recalcitrant olive cultivars ‘Kalamata’,
‘Throumpa’, and ‘Megareitiki’. The results showed that none of the tested compounds
significantly improved rooting during summer (data not presented). In the ‘Kalamata’ cultivar
during autumn, 5% glucose, 10 mM sodium azide (NaN3), and 1 mM potassium cyanide
(KCN) increased the rooting rate by 17%, 15%, and 13%. The highest overall rooting for
‘Kalamata’ (25%) was achieved with 0.1 mM chlorogenic acid (CGA) resulting in
approximately 525% increased rooting performance compared to the control. Similarly, the
application of 0.5 mM CGA and 0.1 mM rutin exhibited 22% and 23% rooting, respectively.
In ‘Throumpa’, both 10% glucose and 10% mannitol improved rooting ability by 18% and
19%, while NaN3 or KCN did not have any significant effect. The highest rooting percentage
(26%) was observed with the application of 1 mM rutin, representing a 67% increase
compared to the control. Additionally, in ‘Megareitiki’, the highest rooting percentage (29%)
was observed with the application of 0.1 mM CGA or 0.5 mM rutin, representing a 190%
increase compared to the control. Similarly, the application of 0.5 mM and 10 mM putrescine
improved rooting ability at about 24% to 26%. In conclusion, it was found that sugars
application impacted greatly olive cuttings’ adventitious rooting. However, CGA and rutin
seem to have been involved in a more prominent way in promoting root initiation in the
recalcitrant-to-root cultivars.

Keywords: Carbohydrates, Phenolics, Potassium cyanide, Putrescine, Sodium azide.
Introduction

Rhizogenesis is influenced by numerous factors, but the interaction between these factors is
not well understood, and the molecular mechanisms underlying the process are still unknown
(Legué et al., 2014). It is widely accepted that auxins are the primary factors involved in root
formation and changes in their endogenous concentration are associated with the different
physiological stages of rooting (Gaspar et al., 1997). However, there are several other factors
such as polyamines, phenolic compounds, carbohydrates, and oxidative enzymes, among
others, that appear to play a role in regulating the process of adventitious root formation (Li et
al., 2009).

In our previous studies (Denaxa et al., 2012, 2014, 2019 and 2020), significant differences
were observed between the ‘Arbequina’ and ‘Kalamata’ olive cultivars during the early stages
of rhizogenesis in terms of their biochemical compounds concentration and oxidative
enzymes activity. Specifically, the easy-to-root ‘Arbequina’ cuttings exhibited higher
concentrations of carbohydrates, polyamines, and phenolic compounds, including chlorogenic
acid (CGA) and rutin, while showing lower levels of oxidative enzymes activity than the
recalcitrant-to-root ‘Kalamata’ cultivar. Therefore, the objective of the present study was to
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evaluate the efficacy of exogenously applied carbohydrates, phenolic compounds,
polyamines, and inhibitors of oxidative enzymes in improving the adventitious rooting
performance of recalcitrant-to-root olive cultivars, such as ‘Kalamata’, ‘Throumpa’ and
‘Megareitiki’.

Materials and Methods

The mist propagation unit at Kostelenos Nurseries, situated in Troizinia area (Poros), Greece,
was used to conduct the experiments during the years 2012-2014. For the rooting experiments
two seasons, summer (July) and autumn (November) were chosen. The sub-apical cuttings,
which were 7-10 cm long and had four leaves on them, were selected from the current year’s
shoots of 15-year-old olive mother plants, with a diameter of approximately 5 mm. The
cultivars selected for the study included the easy-to-root ‘Arbequina’ and the recalcitrant
ones, namely ‘Kalamata’, ‘Throumpa’, and ‘Megareitiki’.

The bases of cuttings were treated with one of the following solutions:

a. CGA or rutin at concentrations 0.1 mM, 0.5 mM, 1 mM, and 10 mM initially dissolved in
10 mL ethanol and then in distilled water (final volume 1 L).

b. Agueous solution of putrescine at concentrations 0.1 mM, 0.5 mM, 1 mM and 10 mM.

c. Aqueous solution of sodium azide (NaN3) or potassium cyanide (KCN) at concentrations 1
mM, 5 mM and 10 mM.

d. Aqueous solution of sucrose or glucose or mannitol at concentrations 0.3%, 1%, 5%, and
10% wiv.

The cuttings’ bases (approximately 1 cm) were initially dipped in one of the above solutions
for 30 min (a to c), or 18 hours (d), left to dry superficially, and then treated for 5 s with 2.000
mg L™ indole-3-butyric acid (IBA) dissolved in 45% v/v ethanol in water. Some of the
cuttings were treated only with 2.000 mg L™ IBA for 5 s and served as control (no exogenous
compounds application).

Following the exogenous applications, the cuttings were planted in plant plugs (Preforma
Plug/240 M1413 Vecol, Jiffy, the Netherlands) and subsequently placed under an automated
mist unit. During summer, the cuttings were misted for 20 seconds every 6 minutes, while in
autumn, they were misted for 20 seconds every 12 minutes. The average temperature of the
air and the rooting medium during summer were 30.1 °C and 26.8 °C, respectively. In
contrast, the temperatures during autumn were 21°C and 19°C for air and rooting medium.
After three months, at the end of the rooting period, the percentage of rooted cuttings was
recorded.

The experiment was arranged as a completely randomized design, utilizing four replications
of one propagation tray containing 120 cells per replicate. In total, 57,600 cuttings were
utilized, with 14.400 cuttings per each cultivar (4 replications x 120 cuttings x 30 treatments X
4 cultivars). The statistical analysis was performed using JMP 7.0 statistical software (SAS
Institute, NC, USA). Data of cuttings with callus or roots were analyzed as one-way ANOVA.
Significant differences were determined according to Tukey HSD multiple range test at o =
0.05.

Results and Discussion

IBA treatment was almost ineffective to induce adventitious rooting in the recalcitrant-to-root
‘Kalamata’ cultivar, resulting thus only in a 4% rooting rate (Table 1). Similarly, ‘Throumpa’
and ‘Megareitiki’ had low rooting rates of 15% and 10%, respectively, solely with the
application of auxin. The very low rooting ability (less than 30%) is the reason why
researchers have characterized these cultivars as recalcitrant-to-root. The failure of auxin to
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stimulate rooting in these cultivars suggests that other physiological and/or biochemical
factors, as well as differences in anatomical structure, may also play a role in this process
(Denaxa et al., 2019). Furthermore, during the summer season, all tested exogenous
applications did not significantly improve the rooting performance of the recalcitrant
cultivars, with rooting percentages ranging from 1-10%, and in some cases, zero. Therefore,
the data are not presented.

Despite extensive research, the role of carbohydrates in promoting adventitious rooting is still
debated among researchers. Aslmoshtaghi and Shahsavar (2010), as well as Denaxa et al.
(2012), have reported a positive correlation between the rooting ability of olive cuttings and
their carbohydrate content, as the easy-to-root cultivars exhibited higher levels of
carbohydrates compared to difficult-to-root ones. However, lzadi et al. (2016) found no
relationship between total soluble sugar content and the rooting ability of cuttings from five
olive cultivars (‘Rowghani’, ‘Tokhmekabki’, ‘Konservalia’, ‘Amigdalolia’, and ‘Dusti’).
Furthermore, Porfirio et al. (2016) reported that exogenously applied carbohydrates have a
positive impact on rooting performance in cuttings with low endogenous carbohydrate
reserves.

Table 1. Influence of exogenously applied carbohydrates on adventitious rooting in
‘Kalamata’, ‘Throumpa’, ‘Megareitiki’ and ‘Arbequina’ cuttings during the autumn
experimental period.

Treatments Kalamata Throumpa Megareitiki Arbequina
Cl Rt Cl Rt Cl Rt Cl Rt
JBA 2000mgL | 32ab |4ab |26a 15ab | 22a |10 5a 9 a
bcd
Sucrose 0.3% 16b |8ab |27a 3¢ 25a |0d 5a 93 a
Sucrose 1% 21b |8ab |22a 6 bc 35a |1l1bc |5a 94 a
Sucrose 5% 44a |0b 27 a 4 bc 40a |15 la 99 a
abc

Sucrose 10% 48 a l4a |42a 20a 45a |18ab |8a 92a
Glucose 0.3% 18b |7ab |3la 2¢C 20a |5cd 9a 90 a
Glucose 1% 30b |5ab |34a 9abc [(4l1a |3cd 5a 9la
Glucose 5% 33ab |17a |28a 10abc | 35a |[13bc |2a 96 a
Glucose 10% 38ab |11a |34a 18 a 30a |20a 10a |97a
Mannitol 0.3% |49 a 1b 28 a 5bc 28a |4cd 4a 92 a
Mannitol 1% 30ab |8ab |35a 5bc 3la |10bc |6a 93 a
Mannitol 5% 37ab |7ab |40a 14ab |42a |17 3a 95 a
abc
Mannitol 10% 49 a 11a |[38a 19a 40a |20a 2a 98 a

Means within the same column followed by the same letter do not differ significantly according to Tukey’s HSD
test, at a = 0.05. Abbreviations: Cl, cuttings with callus; Rt, rooted cuttings.

In the present study, the exogenous application of 5% glucose in the ‘Kalamata’ cuttings
resulted in a 17% rooting, whereas 10% glucose or 10% mannitol led to an 11% rooting rate
(Table 1). Additionally, both 10% glucose and 10% mannitol significantly enhanced the
rooting ability of ‘Thoumpa’ cuttings, resulting in 18% and 19% rooting rates, respectively.
Similarly, these sugars yielded a 20% rooting rate in ‘Megareitiki’, while ‘Arbequina’ had
over a 90% rooting rate with all the tested sugars (Table 1).

According to Calamar and de Klerk (2002), the type of applied sugar significantly influences
root regeneration, particularly in microcuttings. Moreover, Denaxa et al. (2012) suggested
that glucose and mannitol have a greater impact on the rhizogenesis of olive cuttings than
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sucrose and starch. Haissig (1982) also reported that exogenously applied sucrose, with or
without auxin, enhances the rooting potential of most herbaceous and woody plants. Other
sugars, such as mannitol, fructose, and especially glucose, have also been shown to enhance
rhizogenesis in several plant species (Ordas et al., 1999; Denaxa et al., 2012).

A previous study by Denaxa et al. (2019) has shown that the recalcitrant-to-root ‘Kalamata’
cuttings displayed significantly higher enzymatic activities during the early phases of
rhizogenesis compared to ‘Arbequina’. Hwang et al. (2008) and Yadav et al. (2011) have
reported that NaN3; and KCN can potentially inhibit peroxidase activity. In the present study,
the application of 10 mM NaN3 and 1 mM KCN enhanced the rooting ability of ‘Kalamata’
cuttings to 15% and 13%, respectively (Table 2). Similarly, the highest rooting rate in
‘Megareitiki’ was observed following the application of 10 mM NaNj3 (19%). However,
neither NaN3 nor KCN affected the rooting in ‘Throumpa’. Furthermore, the rooting
percentage was the lowest in ‘Arbequina’ when treated with 1 mM NaN3, but there was no
significant difference compared to the control.

Table 2. Influence of exogenously applied NaN3; and KCN on adventitious rooting in
‘Kalamata’, ‘Throumpa’, ‘Megareitiki’ and ‘Arbequina’ cuttings during the autumn
experimental period.

Kalamata Throumpa Megareitiki Arbequina
Cl Rt Cl Rt Cl Rt Cl Rt
iBA 2000mg L™ | 32ab |4b 26a |15a |22a |10b |5a 94 a

Treatments

NaN3; 1 mM 49ab |8ab 20a 16 a 25a |8b 5a 89 a
NaNz 5 mM 28b |2b 22 a 10a [32a |[8b 3a 90 a
NaN3; 10 mM 57 a 15a 25a 17 a 28 a 19a 2a 98 a
KCN 1 mM 27b |13a |3la |8a 30a |[10b |6a 97 a
KCN 5 mM 27b | 7ab 26 a 16 a 25a 15ab | 8a 95 a
KCN 10 mM 40ab | 8ab 25a 14 a 29 a 11ab | 3a 95 a

Means within the same column followed by the same letter do not differ significantly according to Tukey’s HSD
test, at a = 0.05. Abbreviations: Cl, cuttings with callus; Rt, rooted cuttings.

Several phenolic compounds have been found to enhance the auxin stimulus and serve as
cofactors during the root initiation phase (Cristofori et al., 2010). Chlorogenic acid and rutin
have been recognized as auxin action cofactors (Osterc et al., 2007), as they have a positive
interaction with auxin and promote adventitious root formation in woody plant species (Curir
et al., 1993). In the present study, the greatest overall rooting percentage for ‘Kalamata’
cuttings (25%) occurred when 0.1 mM CGA was applied, corresponding therefore to a nearly
525% increase in the rooting performance compared to the control (Table 3). The application
of 0.5 mM CGA, as well as 0.1 mM rutin resulted also in 7.3- and 7.6- times increased
rooting percentage of ‘Kalamata’ cuttings compared to the control (22% and 23%
respectively) (Table 3). Furthermore, the cuttings treated with 1 mM CGA or with 0.5 mM
rutin exhibited increased rooting performance, reaching 18%. The application of 1 mM rutin
resulted in the highest rooting percentage in ‘Throumpa’, corresponding to a 67% increase
compared to the control. In ‘Megareitiki’, the greatest rooting was observed with 0.1 mM
CGA or 0.5 mM rutin, leading to a rooting percentage of 29%, which represents a 190%
increase. Additionally, the application of 1 mM rutin resulted in a 22% rooting rate.

Table 3. Influence of exogenously applied chlorogenic acid, rutin, and putrescine on

adventitious rooting in ‘Kalamata’, ‘Throumpa’, ‘Megareitiki’ and ‘Arbequina’ cuttings
during the autumn experimental period.
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Kalamata Throumpa Megareitiki Arbequina
Cl Rt Cl Rt Cl Rt Cl Rt
IBA2000mgL |32a |4c 26a 15ab | 22a 10d 5a 94a
1

Treatments

CGA 0.1 mM 36 a 25a 34 a 17ab |[10a 29a la 99a
CGA0.5mM 46 a 22ab | 39a 3bc 22a 10d 5a 95a
CGA1mM 41a 18abc | 22 a 5bc 25a 15cd |5a 94 a
CGA 10 mM 30a 5¢ 24 a 5bc 11la 15cd |2a 94 a
Rutin 0.1 mM 42 a 23 a 20 a 2 bc 13 a 17bed | 1a 99 a
Rutin 0.5 mM 20 a 18abc | 19a 16ab | 12a 29a 6a 9la

Rutin 1 mM 26 a 11bc |18a 25a 10 a 22abc | 3a 96 a
Rutin 10 mM 26 a 4¢c 26 a Oc 15a 20bc |5a 92 a
Put 0.1 mM 34a 12bc |15a Oc 17 a 2labc | 1a 98 a
Put 0.5 mM 3la 5¢ 21 a Oc 18 a 24ab | 2a 98 a
Putl mM 35a 4c¢ 42 a Oc 9a 20bc |3a 95 a
Put 10 mM 35a 13bc |3la Oc 10a 26ab |Oa 100 a

Means within the same column followed by the same letter do not differ significantly according to Tukey’s HSD
test, at a = 0.05. Abbreviations: ClI, cuttings with callus; Rt, rooted cuttings; CGA, chlorogenic acid; Put,
putrescine.

Regarding the application of putrescine, the present findings indicate that 0.1 mM or 10 mM
of putrescine can enhance the rooting capacity of ‘Kalamata’ cuttings by 12% to 13%,
however, the percentage is lower compared to CGA or rutin (Table 3). In addition, the
application of 0.5 mM and 10 mM putrescine resulted in improved rooting ability in
‘Megareitiki’ with approximately 24% and 26% rooting, respectively. Furthermore, all
exogenous applications in ‘Arbequina’ demonstrated an increase in adventitious rooting
performance. Notably, the application of 10 mM putrescine resulted in a 100% rooting rate.
The positive impact of putrescine on the rooting of cuttings of various plant species and in
olive has been reported by several authors (Naija et al., 2009; Cristofori et al., 2010; Rugini,
1992). In olive, combined treatments of putrescine with IBA increased rooting percentage and
promoted early rooting of ‘Frangivento’, ‘Pendolino’, ‘Frantoio’, ‘Moraiolo’, ‘Dolce Agogia’
and ‘Chondrolia Chalkidikis’ cuttings (Rugini, 1992; Rugini et al., 1990).

Conclusions

In conclusion, it was found that sugars application greatly increased olive cuttings’
adventitious rooting. However, CGA and rutin seem to be involved in a more prominent way
in promoting root initiation in the recalcitrant-to-root cultivars.
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Abstract

Chinese Aster (Callistephus chinensis), Silver cock's comb (Celosia argentea), common
zinnia (Zinnia elegans) are popular and wide grown annual ornamental plants in Serbia. They
are propagated from seeds and fertilizers are usually applied in substrate before seed sowing
or during the early propagation stages. Fertilizers can promote or inhibit germination,
depending on fertilizer type and on plant species and it is important to test the effect of
different fertilizers in order to obtain rapid and uniform germination. For this reason, the
effect of three commercial fertilizers (EkoBooster 1®, Unistart and Bakterije) on germination
of Chinese Aster, Silver cock's comb and common zinnia was tested. Substrate was treated
with fertilizers before seed sowing and on 2™, 3 and 9" day after seed sowing. Obtained
results differed considerably depending on plant species. The highest germination rate of C.
chinensis was recorded after the treatment with EkoBooster 1® (56%), while the germination
of C. argentea after the treatment with EkoBooster 1® was the lowest (48%) compared to the
other treatments (66.7% - Bakterije, 74.7% - Unistart), even lower than the control (56%).
Tested fertilizers did not have an effect on Z. elegans germination because differences among
recorded germination rates, including the control treatment, were not statistically significant
and the germination ranged from 68% to 76%.

Keywords: Chinese Aster, Silver cock's comb, common zinnia, fertilizers, germination.
Introduction

Chinese Aster (Callistephus chinensis) is popular annual plant in Serbia, widely grown in
home gardens, but it is also often used as a cut flower. The Chinese Aster is low demanding
plant with many cultivars which differ depending on flower color, size and shape. It grows
easily in rich, moist, well-drained soils in full sun to part shade and it has a long flowering
period from early summer to autumn. C. chinensis also attract bees and other pollinators.
Similarly, Silver cock’s comb (Celosia argentea) is also popular, low demanding annual plant,
suitable for borders, cottage gardens, flower beds, and it is often used as a cut flower, both
fresh and dried. C. argentea is drought tolerant species, with long blooming period, and it is
also edible plant, which attracts bees, butterflies and other polinators (Grbi¢ et al. 2017;
Armitage 2001). Besides C argentea and C. chinensis, the common zinnia (Zinnia elegans) is
also popular and widely grown annual ornamental plant in Serbia. Z. elegans is a great border
plant, but can also be planted in flower beds or containers. It is attractive to bees and other
pollinators, cultivars have a wide range of colors, flower heads can be single, double or semi-
double. Besides, it is drought tolerant species and it is often grown as a cut flower. All three
species are propagated by seeds and taking into account that application of fertilizers can
promote germination and early seedlings growth (Gao et al. 2020; Delshadi et al. 2017,
Bakonyi et al. 2013; Prayogo et al. 2021; Gautam et al. 2021; Duraid et al. 2021), the aim of
this study was to examine the effect of 3 commercial fertilizers available on Serbian market
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on germination of C argentea, Z. elegans and C. chinensis seeds. The commercial fertilizers
used in this research were EkoBooster 1®, Unistart and Bakterije. EkoBooster 1® is chemical
fertilizer which contains only NPK macronutrients: 14% Nitrate (N), 2% Phosphorus and 5%
Potassium (K). Unistart and Bakterije are bio-fertilizers. Unistart contains not-specified
strains of proteolytic and cellulolytic bacteria that increase availability of nitrogen, carbon,
and phosphorus for plants, while Bakterije contains Bacillus subtilis, Bacillus megaterium and
Saccharomyces spp.

Material and Methods

The seeds used in this experiment were purchased from Semenarna Ljubljana: Celosia
argentea Feuerwerk Mix (product code 3502), Z. elegans (product code 5971) and
Callistephus chinensis (product code 2402). Substrate was treated with fertilizers before seed
sowing and on 2" 3 and 9" day after seed sowing. The seeds were sown in trays
(dimensions 25 x 15 x 5 cm), the substrate composed of peat, sand and perlite (1: 1: 1) was
irrigated with prepared solutions of fertilizers before seed sowing. The solutions were
prepared according to the product specifications, the fertilizers were diluted in distilled water:
EkoBooster 1® was applied as a 33% solution, Unistart as a 1% solution and Baketrije as
0.5% solution. Each tray was irrigated with 33 mL of prepared solution and each tray was
containing 25 seeds of each plant species. The seeds in the control treatment were irrigated
with water without fertilizers. The trays were placed in the greenhouse of the Faculty of
Forestry in Belgrade. During the experiment, temperature ranged between 16°C and 25°C in
the long day conditions.

Three weeks after setting the experiment, the germination percentage was recorded. Each
treatment consisted of three replicates with 25 seeds and obtained data were statistically
analysed using the program Statgraphics Plus, Ver 2.1. The significance of differences
between the means was determined by the analysis of variance (ANOVA, p<0.05) and the
least significant difference (LSD) test.

Results and Discussion

Germination percentage was different depending on plant species and a treatment. The highest
germination rate was recorded for Z. elegans (68% - 76%), followed by C. argentea (48% -
74.7%), while C. chinensis had the lowest germination percentage, ranging from 37.3% to
56% (Tables 1, 2, 3). Although fertilizers can influence germination rate, both biofertilizers
and NPK based chemical fertilizers (Delshadi et al. 2017; Bakonyi et al. 2013; Wenjie 2018;
Prayogo et al. 2021), our results showed that the effect of fertilizers on germination can be
different depending on plant species. Treatments with fertilizers did not influence seed
germination of Z. elegans, obtained differences were small and not statistically significant
(Table 3). However, the fertilizers type influenced the germination of C. chinensis, NPK
maconutrients based fertilizer EkoBooster 1 gave the best result (Table 1), while the effect of
bio-fertilizers on seed germination was not different than a control. The lowest germination
rate was recorded after the treatment with Bakterije, only 37.3% germinated seeds, but
obtained value did not differ much from the control because obtained differences were not
statistically significant (Table 1). Wenjie (2018) reported that phosphorus, nitrogen and
potassium fertilizer can influence and enhance germination percentage for some plant species,
but in some cases combination of bio-fertilizer and chemical fertilizer can give better results
than applying these fertilizers alone (Duraid et al. 2021) which can be further investigated for
C. chinensis.
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Table 1 The effect of fertilizers on germination of Callistephus chinensis seeds

Treatment Germination rate (%)
control 42.7%
EkoBooster 1 56.0°
Bakterije 37.3°
Unistart 42.7%°
Values followed by different letters are significantly different at the P < 0.05 level according to the
LSD test
Table 2 The effect of fertilizers on germination of Celosia argentea seeds
Treatment Germination rate (%)
control 56.0°
EkoBooster 1 48.0°
Bakterije 66.72°
Unistart 74.7°

Values followed by different letters are significantly different at the P < 0.05 level according to the

LSD test

Table 3 The effect of fertilizers on germination of Zinnia elegans seeds

Treatment Germination rate (%)
control 74.7°
EkoBooster 1 68.0°
Bakterije 76.0°
Unistart 72.0°

Values followed by different letters are significantly different at the P < 0.05 level according to the
LSD test

The germination percentage of C. argentea was also influenced by fertilizers, but contrary to
the results achieved with C. chinensis, the best results were achieved after treatment with
biofertilizers Unistart (Table 2). The germination rate of C. argentea seeds was slightly lower
after the treatment with Bakterije (66.7%) compared to the treatment with Unistart (74.7%),
while the lowest germination rate was obtained after the treatment with EkoBooster 1 (48%).
However, only the treatment with Unistart influenced significantly germination of C.
argentea, because the differences in germination after treatment with Bakterije and
EkoBooster 1 were not statistically significant compared to the control.

Results obtained by other researchers also showed that effect of fertilizers on seed
germination is different depending on plant species, and while fertilizers improved
germination rate for some species (Delshadi et al. 2017; Bakonyi et al. 2013; Wenjie 2018;
Prayogo et al. 2021), they had no effect on germination for some other species (Kering and
Zhang 2015; Nikmatullah et al. 2021).

Conclusions

Chinese Aster (Callistephus chinensis), Silver cock's comb (Celosia argentea), common
zinnia (Zinnia elegans) are wide grown annuals in Serbia. They are propagated from seeds
and adding fertilizers in early stages can improve germination rate. The effect of three
commercial fertilizers available on Serbian market (EkoBooster 1®, Unistart and Bakterije)
on germination of Chinese Aster, Silver cock's comb and common zinnia was tested.
Obtained results showed that effect of fertilizers can be significantly different depending on
plant species. Tested fertilizers did not have an effect on Z. elegans germination percentage,
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the seeds of Callistephus chinensis had the best germination percentage after the treatment
with NPK based fertilizer EkoBooster 1, while the best germination rate of Celosia argentea
seeds was achieved after the treatment with biofertilizer Unistart. For this reason the effect of
fertilizers on germination of different plant species should be tested for each plant species,
and also further research testing the effect of different fertilizer concentration and
combination of different fertilizers should be conducted.
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Abstract

Chickpea is a legume crop grown on the marginal lands thus insufficient nano-micronutrients
availability is severe problem for this crop. In this study, using of some nano-micronutrient
(zinc, iron and manganese) and three sulfur levels (0, 15 and 30 Kg ha®) have been
investigated. In this study, we used treatment x trait biplot analysis to examine the in
formativeness of the treatments and traits. Results indicated that the first two principal
components accounted 70% and 13% respectively of total variation. The vertex treatments in
polygon biplot were S1-N1, S1-N2, S1-N3, S2-N1 and S3-N1 which S3-N1 treatment
indicated high performance most measured traits. According to vector-view biplot, seed yield
was positively associated with number of seeds per plant while it showed weak positive
association with most of the other measured traits except number of empty pod per plant.
Most traits like thousand seed weight indicated negative correlation with number of empty
pod per plant. Harvest index showed near zero association with vegetative growth period and
number of empty pod per plant. The best fertilizer for obtaining of high seed yield of chickpea
was S3-N1 (30 kg ha™ sulfur plus nano-micronutrient zinc. This investigation showed that the
polygon and vector tools biplot are best to visualize the interaction structure among treatments
and traits.

Keywords: Cicer arietinum L., nano-micronutrients, biplot, yield components
Introduction

Chickpea as the legume crop, has an important role in the human diet worldwide. It is grown
in Iran as a chickpea-producer with 440,000 ha cultivated lands has mean seed yield
performance as 382 kg ha™(FAOSTAT, 2021). Few investigations have been performed to
study the micronutrients usage to chickpea because it is cultivated as a rainfed crop and water
shortage often affects its productivity. Soils of semi-arid regions are degraded with poor
native fertility and micronutrients play an important role in increasing yield. Micronutrient
deficiencies in crops are becoming important due to intensive cultivation of high-yielding
cultivars with usage of NPK which cause to the occurrence of micronutrient deficiencies (Ibia
et al., 2020). Iron deficiency is often seen in high pH and calcareous soils in arid regions,
similarly zinc and manganese availability decrease with increasing of soil pH (Kumar et al.
2020). Zinc deficiency seems to be the most widespread in chickpea-growing regions.
Although, there are differences in sensitivity to Zinc deficiency between field crops, but a
comparison among several economical species has shown that chickpea is more sensitive to
Zinc deficiency than cereals and oilseeds crops.

Widespread deficiencies on some micronutrients such as iron and zinc copper and manganese,
but suggested the likelihood of excess levels of boron in soils semi-arid areas (Ryan et al.,
2013). This overview primarily addresses three focal points in the region. Iron deficiency is a
constraint for many crops’ production when grown in semi-arid areas and yield losses some
pulse crops would likely occur due to iron deficiency. The availability of manganese to crops
also could be limited in semi-arid areas soils and iron application, may reduce yield
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performance caused by decreasing manganese and the negative effect of iron application was
attributed to the interference of iron with manganese. Attempts are being made to synthesize
nano-micronutrients in order to regulate the release of nutrients depending on the need of
crops and in this context, some nano-micronutrients have been produced. Nano-fertilizers can
be used as a cementing materials to regulate the release of nutrients from conventional
fertilizers and this process increases the nutrient-use efficiencies and prevents environmental
hazard. Also, nano-micronutrients have shown to increase the uptake and utilization of
nutrients by crops. Using nano-micronutrients helps to reduce loss of nutrients while
improving fertilizer-use efficiency of various crops. The objective of this study was to
investigate the effect of nano-micronutrients (zinc, iron and manganese) on the some
morphological and agronomical traits and seed yield of chickpea.

Material and Methods

Three levels sulfur fertilizer were subjected to main plots and three nano-micronutrients
fertilizers (zinc, iron and manganese) were subjected to subplots. The sulfur fertilizer levels
were S1, control; S2, 15 Kg ha™, and S3: 30 Kg ha™. The levels of nano-micronutrients were
N1, nano-chelated zinc, N2, nano-chelated iron and N3, nano-chelated manganese which were
applied at rate of 1 kg ha™. Seeds was sown manually in 10 rows, at 20 cm row-to-row
spacing and 8 cm plant-to-plant spacing in the 2 x 2 m? plots. Vegetative growth period
(VGP) and day to maturity (DM) was recorded for each plot after harvesting and some
morphological traits including plant height (PH), first pod height (FPH), primary branch per
plants (PBP), secondary branch per plant (SBP), number of pods per plant (NPP), number of
empty pod per plant (EPP), and number of seeds per plant (NSP) were recorded on ten
randomly selected plants. Seed yield (SY) and biological yield (BY) were determined by
harvesting the three middle rows of each plot and harvest index (HI) was calculated. The
thousand seed weight (TSW) was measured from three random samples of each plot. The
treatment X trait (TT) biplot model (Yan and Rajcan, 2002; Yan et al. 2011) was used as:
Hij _¢j z 5.
- = zinlr//inqajn +é&; = Z‘//in(/’jn + &

j n=1 n=1
where g, is the mean value of treatment i for trait j, ¢, is the mean value of all treatments in
trait j, o is the standard deviation of trait j among the treatment means, A, is the singular
value for principal component n (PCn), ;, and ¢, are scores for treatment i and trait j on
PCn, respectively, and ¢; is the residual associated with treatment i in trait j. Visual analysis

of dataset via TT biplot was performed using GGEbiplot software.
Results and Discussion

The first two principal components (PC1 and PC2) of TT biplot model were explained 70%
and 13% of observed variance, respectively, (cumulatively 83% of total variation). The
polygon view TT biplot (Fig. 1) identified five different treatment combinations as best ones
for single or multiple traits, and grouped the nine treatment combinations. S3-N1 (30 kg ha™
sulfur plus nano-micronutrients zinc) was the highest performing treatment for all measured
traits except number of empty pod per plant, while S1-N3 (0 kg ha™ sulfur plus nano-
micronutrients manganese) was the highest performing treatment for number of empty pod
per plant (Fig. 1). The other vertex treatment combinations (S1-N1, S1-N2 and S2-N1) were
not the best in any of the measured traits. Therefore, it seems that for obtaining the best
performance in most of the measured traits such as yield components and seed vyield,
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application of S3-N1 treatment would be useful and it show that both sulfur and zinc
micronutrients are essential for chickpea production. Zn application provide an increase in

seed yield and it was found out that an increase in yield performance was maintained in
chickpea with the application of Zn under the field conditions.
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Fig. 1. Polygon view of treatment by trait biplot showing which treatment had the
highest values for which traits.

The TT biplot of Fig. 2 shows the interrelationship of chickpea traits, whereas in TT biplot, a
vector drawn from origin to each trait facilitates the visualization of relations among traits and
the vector length of the trait measures the magnitude of its effects. The correlation coefficient
between any two traits is approximated by the cosine of the angle between their vectors. On
this premise, two traits are positively correlated if the angle between their vectors is an acute
angle while they are negatively correlated if their vectors are an obtuse angle. Seed yield was
positively associated with number of seeds per plant while it showed weak positive
association with most of the other measured traits except number of empty pod per plant.
Most traits like thousand seed weight indicated negative correlation with number of empty

pod per plant. Harvest index showed near zero association with vegetative growth period and
number of empty pod per plant.
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Fig. 2. Vector view of treatment by trait biplot showing the
interrelationship among measured traits under treatments.

According to Kumawat et al. (2021), seed yield was significantly and positively correlated
with number of primary and secondary branches, number of pods per plant, harvest index and
biological yield. Most of the above findings can be verified from the original correlation
coefficients (Table 1), but some others are not consistent with them because such
discrepancies are seen because the treatment by trait biplot described lower than 100% (in
present study, 83%) of the total observed variation. This investigation showed that the
polygon tool as well as vector tool of treatment by trait biplot are best to visualize the
interaction structure between treatments and traits, provided the biplot should explain a
sufficient amount of the total variation (Yan and Rajcan, 2002; Yan and Fregeau-Reid, 2018).
Among the multivariate analysis methods, treatment by trait biplot has the widest
applicability in the analysis of data because the interpretation of biplot analysis is more
extensive with wider applicability than the conventional statistical methods. Addition of iron
decreases chickpea yield and manganese uptake demonstrating that a reduction in the amount
of manganese might be responsible for such decrease while application of zinc had no
significant effect on chickpea yield (Ghasemi-Fasaei and Ronaghi, 2015).

Conclusions

The results of a treatment by trait biplot can, however, be deficient if the first two principal
components account for only a small proportion of the total variation but it does not allow a
serious statistical testing of hypothesis, the reliability of its results has become questionable in
the literature. However, its results have been found to be consistent with that of analysis of
variance, correlation, regression and multivariate statistical methods. Crop nutrition with
nano-micronutrients in comparison with the conventional bulk fertilizers have huge
differences in the accuracy, smart nature, effectiveness, cost for operation, ease of
construction and many others issues like reducing environmental risks.
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Abstract

The voandzou (Vigna subterranea L.), also known as bambara groundnut, is a highly
nutritious leguminous plant indigenous to Africa. Despite being the third most cultivated
legume in the region, it faces significant challenges due to poor germination and
establishment caused by seed dormancy. Addressing this issue is crucial for the advancement
of voandzou seed production. This study aims to optimize germination in neglected and
underutilized voandzou seeds by evaluating five seed pre-treatment methods and investigating
the influence of seed morphotypes on the outcomes of the treatments. The pre-treatment
methods examined include 24-hour imbibition in various solutions: distilled water, sugar
solutions (19¢/1), NaCl solutions (5¢/l), Moringa oleifera leaf extract at two concentrations
(5% and 10%), and an untreated control group. The effects of these chemical pre-treatments
on the germination rate and speed were investigated, with observed variations based on the
treatment types and seed morphotypes.

The results demonstrate significant effects of chemical pre-treatments on the germination rate
and speed of voandzou seeds. Additionally, the study suggests potential dependence on seed
morphotypes. These findings provide valuable insights into seed pre-treatment methods that
optimize the germination rate and speed of voandzou seeds, contributing to the improvement
of cultivation practices.

Keywords: Vigna subterranea, seed pre-treatment, germination rate, seeds dormancy,
Negelected and Underutilized Species

Introduction

Germination, as a critical physiological process in plant development and crop establishment,
encompasses intricate activities like respiration and protein synthesis, primarily triggered by
water absorption (Benmounah et al., 2018). Optimizing germination efficiency holds
paramount importance for agricultural productivity, prompting the emergence of seed priming
as an economically viable and effective technique to achieve this objective. Seed priming
involves the pre-soaking of seeds in various solutions, such as hydro-priming, osmo-priming,
chemical priming, hormonal priming, and biological priming. This pre-treatment facilitates
hydration and metabolic processes while mitigating radical emergence during germination.
The application of seed priming demonstrates significant effects on seed performance under
diverse environmental conditions, including both favorable and stressful scenarios. The
outcomes of seed priming are influenced by factors like seed structure, seed coat thickness,
and hydration matrices, as supported by research conducted by Finch-Savage and Leubner-
Metzger (2006), Nonogaki et al. (2010), and Modi (2013).
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The pre-soaking of seeds in water prior to planting is a widely acknowledged agricultural
practice aimed at enhancing germination rates, particularly when facing unfavorable
conditions such as high temperatures (Esmaeilpour et al., 2016; Finch-Savage et al., 2004).
Another promising approach involves seed priming with Moringa oleifera leaf extract, which
boasts a rich composition of natural growth activators, including zeatin, ascorbate, phenolic
compounds, calcium, and potassium (Basra et al., 2011). Several studies have underscored the
positive impact of Moringa leaf extract on early crop growth, overall yield, and, notably, seed
germination (Rehman et al., 2014; Basra et al., 2011). The application of Moringa's leaf
extract presents an exciting opportunity to revolutionize agricultural productivity by
expediting plant growth processes. By exploring the full potential of this natural growth
enhancer, we may unlock novel strategies to optimize germination and foster sustainable
agriculture.
Bambara groundnut, a legume crop known for its delayed emergence, poses challenges in
attaining optimal crop stand quality (Ntombela, 2013; Liu, 2004; Makanda et al., 2009;
Mabhaudhi and Modi, 2013; Sinefu, 2011). Studies have unveiled an intriguing correlation
between seed color and germination vigor in Bambara groundnut, wherein dark-colored seeds
demonstrate heightened vigor compared to their lighter counterparts (Sinefu, 2011;
Mabhaudhi and Modi, 2013). However, despite these findings, the genetic underpinnings
responsible for seed color in Bambara groundnut remain largely unexplored, and it is essential
to note that variations in seed color may not necessarily imply genetic dissimilarities
(Mabhaudhi and Modi, 2013).
In this study, our primary objectives are to evaluate the germination rate and speed of
different voandzou seed morphotypes following pre-treatment with various solutions.
Specifically, we will investigate the effects of different chemical pre-treatments, including
imbibition in distilled water, sugar solutions, NaCl solutions and Moringa leaf extract
solution. Furthermore, we will assess how seed morphotypes contribute to the outcomes of
the pre-treatments, considering their influence on germination performance. By addressing
these objectives, we aim to enhance our understanding of germination optimization in
voandzou seeds and provide valuable insights for improving cultivation practices. This
research could have far-reaching implications for sustainable agriculture and food security,
particularly in regions where voandzou is a crucial crop.

Material and Methods

Experimental Site and Plant Material

The experiment was conducted in a controlled environment at the Plant Production
Laboratory, Faculty of Agronomy, Abdou Moumouni University of Niamey. The plant
material used in the study consisted of seeds from three (3) morphotypes: white (K1B), white
with reddish spots (K1T), and red (K1R).

Note: All these morphotypes used in the present study belong to a single landrace known as
"Maoro." These seeds were collected in May 2023 from a single farmer in the village of
Kiota, located in the rural commune of Boboye, Niger. The landrace "Maoro" is
characterized by a mixture of grain colors. The specific morphotypes used in this study were
selected from the "Maoro" landrace.

Experimental Design

The experiment followed a completely randomized design with three (3) replications. Each
morphotype, along with the control group, was exposed to five (5) distinct pre-treatment
solutions to facilitate seed germination. The seeds were immersed in the following solutions
for a duration of 24 hours: distilled water, sugar solution (19 g of sucrose per 1 L of distilled
water), NaCl solution (5 g/L), 5% Moringa oleifera leaf extract solution, and 10% Moringa
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oleifera leaf extract solution. Additionally, to establish an absolute baseline, untreated seeds
were used as the control group.

Preparation and Conduct of the Experiment

Seeds were disinfected by soaking them in 5% bleach solution for 3 minutes, followed by
thorough rinsing with sterilized distilled water to eliminate any chemical and physical
impurities. For each morphotype, 20 seeds were placed in transparent plastic pots (length =
14.5 cm, width = 9.3 cm, and height = 5 cm). The bottom of each pot was covered with
blotting paper soaked in 5 ml of sterilized distilled water. The seeds were arranged in 5 rows
of 4 seeds each, along the length of the pot to facilitate their proper development. On the 3rd
day, 10 ml of distilled water was added to each pot.

Observations and Measurements

Daily observations were conducted to monitor the number of seeds that germinated in each
pot. The germination process commenced on the 3rd day after potting. However, on the 7th
day after potting, fungal contamination was observed, necessitating the utilization of
germination data up to day 7 for analysis in this paper. On the 10th day after potting, the
lengths of the main root and seedling were measured for each germinated seed, taking into
account the specific morphotype, treatment, and replication factors.

Data Analysis

The data were analyzed using R software (version 4.1.0). The cumulative germination rates at
different time points (Day 3 to Day 7) were computed for each morphotype and treatment.
Additionally, we computed the mean root length (RL) and standard deviation (SD) of root
length, as well as the mean seedling length (SL) and standard deviation (SD) of seedling
length. The cumulative germination rate for each day was calculated by dividing the total
number of germinated seeds by the total number of sown seeds and multiplying by 100.

Results and Discussion

Germination Characteristics:

The study aimed to optimize the germination of neglected and underutilized bambara (Vigna
subterranea) seeds by exploring various pre-treatment methods and morphotypes.

Under the treatment of distilled water, all morphotypes (K1B, KI1R, K1T) exhibited
progressive germination, with the percentage of germinated seeds increasing from Day 3 to
Day 7 after sowing. At Day 7, the highest germination rate was observed in K1B (90%) and
K1R (90%), while K1T showed slightly lower germination (85%). The treatment with
Moringa extract at 10% concentration resulted in lower germination rates for all morphotypes
compared to distilled water, with K1B showing the highest germination (80%), followed by
KI1R (77%), and KI1T (75%). However, the treatment with Moringa extract at 5%
concentration showed relatively higher germination rates, with K1B (88%), K1R (88%), and
K1T (83%) exhibiting good germination at Day 7. Conversely, the treatment with NaCl
negatively affected germination for all morphotypes, with relatively lower germination
percentages at Day 7. At Day 7, K1B had the highest germination (73%), followed by K1R
(70%), and K1T (68%). The treatment with refined sugar showed improved germination rates
for all morphotypes, with K1B (77%), K1R (92%), and K1T (78%) displaying good
germination at Day 7 after sowing. In contrast, the untreated control (temoin) had poor
germination rates for all morphotypes, with K1B (50%), K1R (50%), and K1T (60%) at Day
7.

The responses to the different treatments varied among the different morphotypes. Distilled
water and Moringa extract at 5% concentration positively influenced germination rates, while
NaCl had a negative effect on germination. The treatment with refined sugar showed
favorable results in promoting germination across all morphotypes.
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Root and Seedling Length:

The length of the root and seedling in a germination test is a reliable method to assess seed
quality, germination efficiency, treatment effects, stress resistance, and predict seedling
performance. For each morphotype and treatment, the mean root and seedling length were
measured.

Among all treatments, the highest mean root length was observed in the K1R morphotype
treated with distilled water (90.376 mm), followed by K1B treated with refined sugar (64.463
mm). In contrast, K1T treated with the untreated control showed the longest mean root length
(120.222 mm) among all morphotypes and treatments. Regarding seedling length, K1R
treated with Moringa extract 5% had the highest mean seedling length (54.352 mm), while
K1B treated with Moringa extract 10% had the lowest mean root length (38.111 mm) and
seedling length (25.903 mm).

Effect of Treatments on Root and Seedling Length:

The treatments had varying effects on root and seedling length for different morphotypes of
bambara groundnut seeds. Distilled water and refined sugar treatments generally resulted in
longer root and seedling lengths for different morphotypes. On the other hand, Moringa
extract treatments had mixed effects. The untreated control treatment significantly affected
seedling length, particularly in morphotype K1T.

Germination Progression and Treatment Responses:

The growth curves provided a clear visualization of germination progression for each
treatment and morphotype of bambara groundnut. For morphotype K1B, the treatment with
refined sugar solution exhibited the highest germination rate, indicating that the seeds
germinated rapidly and vigorously. In contrast, the treatment with 10% Moringa leaf extract
(M10) displayed the lowest germination rate among all treatments for this morphotype.
Similarly, for morphotype K1R, the treatment with refined sugar solution showed the highest
germination rate, while the control treatment had the lowest germination rate. For morphotype
K1T, the treatment with distilled water demonstrated the highest germination rate, while the
M10 and NaCl treatments showed higher germination rates than the other treatments.
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Growth Curve Based on Average Cumulative Germination Rate
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Figure 1
Growth Curve Based on Cumulative Germination Rate
Distilled water (E_dist) ; 10% Moringa extract (M10) ;
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The results demonstrate that different treatments have varying effects on the germination
characteristics of bambara groundnut seeds. Distilled water and Moringa extract at 5%
concentration positively influenced germination rates, while NaCl negatively affected
germination. Refined sugar treatment showed favorable germination results. These findings
are consistent with previous studies that have shown the positive effects of water and certain
plant extracts on seed germination (Smith et al., 2018; Johnson et al., 2020).

Furthermore, the study revealed that the morphotypes of bambara groundnut exhibited distinct
responses to the treatments. The variations in germination rates and root/seedling lengths
among different morphotypes indicate possible genetic differences, even though farmers
consider them as part of the same variety. This aligns with previous research that highlighted
genetic variability in bambara groundnut landraces (Ambed et al., 2012).

Interestingly, the results also suggest potential salinity sensitivity in bambara groundnut, as
the NaCl treatment had a negative impact on germination for all morphotypes. This aligns
with global concerns about salinity toxicity as a major limiting factor in crop production
(Khan et al., 2019). However, further investigations are required to explore the mechanisms of
salinity tolerance and identify more suitable treatments for each morphotype.

Overall, the present study provides valuable insights into the optimization of germination in
neglected and underutilized bambara groundnut seeds. The observed differences in
germination rates and root/seedling lengths highlight the importance of considering specific
treatments for different morphotypes to enhance germination efficiency and seedling growth.
Further research is needed to fully understand the underlying factors influencing these
variations and to develop tailored germination strategies for the different morphotypes of
bambara groundnut.

Conclusions

This study provides valuable insights into the germination behavior and seedling growth of
bambara groundnut (Vigna subterranea) seeds, focusing on three distinct morphotypes and
various treatment conditions. The results highlight the importance of treatment selection and
the influence of morphotype on germination rates and growth characteristics.

Distilled water emerged as the most effective treatment, promoting higher germination rates
for all morphotypes, except for morphotype K1R, where refined sugar displayed superior
performance at Day 7. In contrast, sodium chloride solution had a detrimental effect on
germination rates for all morphotypes, indicating the negative impact of salt stress on
bambara groundnut seeds. The refined sugar treatment exhibited variable effects on
germination rates, emphasizing the need for tailored approaches based on morphotype
characteristics.

The growth curve analysis revealed the importance of considering interactions between
treatments and morphotypes for accurate assessments of germination velocity. Specific
treatments showed higher germination velocities for certain morphotypes, suggesting
optimization opportunities for bambara groundnut cultivation.

The root and seedling analysis further emphasized the superior performance of the distilled
water treatment in promoting root and seedling growth for all morphotypes, underscoring the
significance of water availability and nutrient supply in enhancing early seedling
development.

While this study contributes valuable insights, we acknowledge the contamination that
appeared on the seventh day after potting, which may have affected the accuracy of our data
and analyses. Nevertheless, our research demonstrates the promising potential of pre-soaking
treatments in facilitating germination. Further robust and extensive research is warranted to
determine the most effective treatments and validate the observed trends.
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Annexe: germination rates, mean and standard deviation of seeds length and seeds

growth

Morphot J3 J4 J5 J6 J7 | rootlength |root seedling length seedling

ype traitement (%) | (%) |[(%) |(%) | (%) |mean length sd | mean (LP) length sd

K1B Ditilled water 33| 65| 85| 92| 90/80.967 4,325 26.926 10.080
Moringa

K1B extract 10% 7| 23| 45| 78| 8038278 6.562 21333 5.508
Moringa

K1B extract 5% 17| 50| 68| 88| 88|38.111 11.167 | 25.903 6.199

K1B NaCl 15| 35| 53| 62| 73|45.688 22641 |39.757 30.975

K1B Raffined sugar | o5 3| 77| 77| 77|64.463 13514 | 42.981 7.413

K1B Temoin 0 5| 15| 20| 50/56.915 18.772 | 36,572 10.976

KIR Ditilled water 23| 62| 68| 87| 90|90.376 23908 | 44.686 9.790
Moringa

K1R extract 10% 7| 28| 57| 72| 77(49.370 15269 | 28.093 5.344
Moringa

K1R extract 5% 25| 45| 63| 77| 85|61.333 15.144  |54.352 12.309

K1R NaCl 10| 40| 50| 62| 70|41.949 10.268 | 27.368 5.929

K1R Raffinedsugar | 40| 60| 78| 83| 9249944 25810 |38.917 12.976

K1R Temoin 0 0| 10| 20| 50/35.167 12.948 | 38.083 1.876

K1T Ditilled water 23| 53| 75| 83| 85|32.167 10.890 | 22.167 8.536
Moringa

K1T extract 10% 12| 22| 47| 65| 75|83.333 24711 |31.733 7.506
Moringa

K1T extract 5% 17| 42| 60| 75| 83|46.111 8.643 22.644 3.755

K1T NaCl 25| 35| 50| 57| 68)43.600 0.000 29.800 0.000

K1T Raffined sugar 27| 55| 70| 70| 78]45.833 0.000 30.333 0.000

K1T Temoin 0 0| 40| 50| 60]|120.222 13.607 | 63.556 21.423
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Abstract

Maize (Zea mays L.) is an important cereal crop of the world and plays a key role in
worldwide agriculture with highest production and productivity. Maize is also an important
grain crop grown in Serbia, used as a component of feed. Many studies have been conducted
on correlations, heritability and path analysis on grain yield. The results have been widely
used in maize breeding programs. The present research was carried out at the Maize Research
Institute “Zemun Polje” in Serbia during the 2021 growing season effects of grain yield and
quantitative traits of maize. Six inbred lines were crossed according to complete diallel
method. In this way fifteen hybrids and fifteen reciprocal combinations were obtained. The
hybrids and reciprocal combinations derived from these parental components were used in
this paper. The objective of study was to estimate direct and indirect effects of five
morphological traits on grain yield by the application of the simple coefficient correlation,
heritability and path coefficient analysis. 1000-kernel weight with the value of 0.365 had the
strongest direct positive effect on grain yield. Positive direct effects on grain yield were also
observed for ear length (0.202), ear diameter (0.248) and number of rows per ear (0.076),
while negative direct effects were observed for cob diameter (-0.057). Thousand-kernel
weight had the highest indirect positive effect on grain yield via ear diameter (0.232). Cob
diameter had highest negative indirect effect on grain yield via ear diameter (-0.048). The
coefficient of multiple determination (R2y12345) had a value of 0.428.

Keywords: Correlations, Heritability, Path analysis, Grain yield, Maize.
Introduction

The selection of genotypes and the evaluation of their performance played a significant role in
increasing crop yields of many crops, including maize. Grain yield is a complex quantitative
trait that depends on plant genetics and its interaction with environmental conditions. Many
investigations have been conducted correlations, heritability and path analysis on grain yield
(Magar et al. 2021; Asima et. al, 2018, Bello et al., 2012). The results have been widely used
in maize breeding programs.

The coefficient of variation represents the degree of variability present in a wide range of
qualities, but it excludes the heritable component. The parameters such as genotypic and
phenotypic coefficients of variation (GCV and PCV) are useful in detecting the amount of
variability present in a given characteristic.

The efficiency with which genotypic variability can be exploited by selection depends upon
heritability and the genetic advance (GA) of individual trait (Bilgin et al, 2010) Heritability
provides information on the extent to which a particular morphogenetic character can be
transmitted to successive generations. Heritability coupled with high GA would be more
useful in predicting the resultant effect in the selection of the best genotypes for yield and its
attributing traits (Bello et al, 2010).
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Coefficient of correlations are the measure of level of the relationship two or more traits or
the level where these traits are mutually different. (Boc¢anski et al., 2009). Correlation
estimates are useful in determining the components that influence a trait either positively or
negatively. However, they do not provide exact information of the relative importance of
direct and indirect effects of component traits on complex traits such as yield. For formulating
selection indices for genetic improvement of yield, the cause and effect of the trait is very
essential and can be done by path analysis (Dewey and Lu, 1959). In path coefficient analysis,
grain yield is considered as dependent variable and the remaining traits are considered as
independent variables (Singh and Chaudhary, 1985). It is necessary to have a good knowledge
of those characters that have significant correlation with yield because those characters can be
used as indirect selection criteria to enhance the mean performance of varieties in a new plant
population (Vara Prasad and Shivani, 2017).

The objective of this investigation was to estimate of genetic variability, heritability,
correlations and path coefficients for grain yield and yield component traits of maize hybrids.

Materials and Methods

Six inbred lines were crossed according to full diallel method and fifteen hybrids with 15
reciprocal combinations were created.

These hybrids, were studied in location Zemun Polje during 2021 year. The three-replicate
trial was set up according to the RCB design. The selected genotypes were sown in the two-
rowed plot. The length of the plot was 5 m, the inter-row distance amounted to 0.75 m.
Elementary plot size was 7.5 m? Morphological traits were evaluated in full maturity.
Mechanical sowing and harvesting were performed. All the recommended agronomic package
of practices was adopted during the entire crop growth vegetative period.

The data were recorded from 5 random plants from each entry in all the two replications for
ear length (cm), ear diameter (cm), cob diameter (cm), number of rows per ear, 1000-kernal
weight (g) and while the grain yield (t ha™). were determined on whole plot basis with classic
combine machine. The mean values were used for statistical analysis.

Data was subjected to analysis of variance using "variability" package of R studio statistical
software in R Core Team R 2021, considering genotypes as fixed effects and replications and
incomplete blocks within replications as random. Genotypic correlation analysis was
conducted following the Pearson’s correlation coefficient method using package in R software
version R-4.1.1. Genotypic, phenotypic variances, narrow sense heritability and broad sense
heritability were estimated using AGD-R (Analysis of Genetic Designs with R) and Excel
2019.

Correlation and path analysis were performed following the procedure developed by Dewey
and Lu using IBM SPSS AMOS 26.

Broad sense heritability (H2) was determined for various traits as per the formula suggested
by Allard (1999). The estimates for heritability for a single environment were performed
using the equation (1)

h’=c,’ /0, x 100 (1)
Where &, is the phenotypic variance and & ;* is the genotypic variance.

Heritability percentage was categorized as low when less than 30%, medium, 30-60%, and
high, 60% and above as indicated by Robinson (1949).

Genetic advance (GA, EQ.2) and genetic advance as percent of the mean (GAM, Eq.3),
assuming selection of the superior 5% of the genotypes, were determined by the formula
illustrated by Johnson et al. (1955).

CA = KxJoZp+otg @)

o2p
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where GA is the expected genetic advance, K is the standardized selection differential at 5%
selection intensity (K 2.063), o2p is the phenotypic variance and o°g is the genotypic
variance.

The genetic advance as a percent of the mean was estimated using the following formula:

GAM % = %4 x 100 (3)
X
where GAM = genetic advance and x = population mean.

Following Falconer and Mackay (1996), the genetic advance (GAM) values were classified as
low: less than 10%, moderate: 10-20% and high: greater than 20%.

A path analysis scale suggested by Lenka and Mishra (1973) was used to categorize the
estimates as negligible with values ranging from 0.00 to 0.09, low with values ranging from
0.10 to 0.19, moderate with values ranging from 0.20 to 0.29, high with values ranging from
0.30 to 0.99 and more than 1.00 as very high path coefficients.

Results and Discussion

Correlation coefficients
In maize, traits like plant height, ear height, and the number of kernel rows per ear are
reported to have a positive and substantial link with grain yield, according to the study (Sadek
et al., 2006). Results displayed in Table 1., show values of simple correlation coefficients
between examined traits.

Table 1. Pearson's correlation coefficients of grain yield and component traits in maize

Number of 1000-

Ear length Ear C.Ob rows per kernel G_rain
diameter diameter . yield
ear weight
Ear length 1 0.304** 0.149™ 0.031™ 0.358** 0.402**
Ear diameter 0.304** 1 0.857** 0.590** 0.636** 0.538**
Cob diameter 0.149™ 0.857** 1 0.651** 0.458** 0.403**
L\'a‘;mber Of rows per ; ans 0.590**  0.651** 1 0.231%*  0.276**
1000-kernel weight ~ 0.358** 0.636** 0.458** 0.231** 1 0.587**
Grain yield 0.402** 0.538** 0.403** 0.276** 0.587** 1

ns, * and **: Not significant and significant at 5% and 1% levels, respectively.

When it comes to correlation between grain yield and observed traits, the highest correlation
values were found between grain yield and 1000 kernel weight (0.587**) similar with results
Pavlov et al. (2015) and Shengu (2017), followed by ear diameter (0.538**), cob diameter
(0.403**), ear length (0.402**), the lowest value of correlation coefficient was observed
between grain yield and number of rows per ear (0.276**). The highest and statistically
significant values of correlation coefficients among observed morphological traits were found
between cob diameter and ear diameter (0.857**), followed by number of rows per ear and
cob diameter (0.651**). 1000 kernel weight, also showed high positive correlation
coefficients with ear diameter (0.636**).
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Table 2. Estimation of Variance, PCV, GCV, H?%,, GA and GAM

% &g op ECV GCV  PCV  hs, GA OAM
(%)
Ear length 1603 3613 5217 7.329 11005 13222 0692 3259 18.869

Ear diameter ~ 0.039 0122 0162 4332 7603 875 0755 0.626 13.612

Cobdiameter ~ 0.015 0031 0047 4951 7.079 8642 067 0299 11.943
ge“r”;gf“’fmws 1081 1837 2918 7.26 929 11708 0629 2215 15185
1000-kernel

weight

Grain yield ~ 1066 6244 7.31 14864 35971 38921 0.854 4.757 68.483

0.0007 0.0018 0.0025 7.1786 11.6392 13.7169 0.72 0.0742 20.3559

o “e - Environmental variance, 6°g - Genotypic variance, o°p - Phenotypic variance, ECV -
Environmental coefficient of variation, GCV - Genotypic coefficient of variation, PCV
Phenotypic coefficient of variation, hps= Heritability broad sense, GA= Genetic advance,
GAM= Genetic advance as percent of mean

The presence of significant variation in genotypes for most of traits was given in Table 2.
GCV values for all the traits, were lower than PCV value, showing that the characters were
more influenced by their surrounding environments. According to Sivasubramanian and
Menon (1973), the traits evaluated in this study had low (less than 10% phenotypic and
genotypic coefficients of variation), moderate (10—-20% phenotypic and genotypic coefficients
of variation, and high (more than 20% phenotypic and genotypic coefficients of variation.
Grain yield was estimated to have high PCV and GCV values (38.921; 35.971). Similarly,
low PCV and low GCV were estimated for traits like ear diameter (8.750; 7.603), cob
diameter (8.642; 7.079). Ear length (13.222;11.005) and 1000 kernel weight (13.716; 11,639)
recorded moderate values. Number of rows per ear had low GCV value (9.290) and moderate
value for PCV (11.708).

The coefficient of variations (CV), particularly GCV, determines its reliability for use in a
breeding program. In breeding works, a high proportion of GCV to PCV is preferred. Magar
et al. (2021) reported similar findings.

Heritability and genetic advance

Heritability estimates are useful for breeding quantitative traits as it provides information on
the extent to which a particular trait can be inherited to subsequent generations (Bello, 2012).
According to Robinson et al. (1949) traits had low (less than 30%), moderate (30-60%), and
high (more than 60%) estimates of heritability.

The high heritability was found in all investigated traits. Begum et al. (2016) reported
moderately high heritability for ear diameter, ear length, number of kernels per row and grain
yield. High heritability value in this study show high proportion of variation in a trait that is
genetic and low influence of environment in expression of these traits, indicating
improvement of the traits can be made based on phenotypic performance. High estimates of
heritability for most of the variables suggested that variations were passed down to progeny,
implying that a high-yielding variety may be developed by selecting desirable genotypes.
High heritability provided more options for selecting plant material with the desired features.
Sharma et al. (2018) and Magar et al. (2021) reported similar findings for ear length, ear
diameter and vice versa for 1000 kernel weight.

GAM for the traits in our study ranged from 11.943% for cob diameter to 68.483% for grain
yield. GAM values were classified by as low (less than 10%), moderate (10-20%), and high
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(greater than 20%) by Falconer and Mackay (1996). Data in Table 2 shows the GAM
estimates for all traits. Grain yield (68.483%) and 1000 kernel weight (20.355) had high
GAM values, while ear length (18.869), ear diameter (13.612), cob diameter (11.943) and
number of rows per ear (15.185) had moderate values. Similar findings reported Kandel et al.
(2017) for all examined traits.

Path analysis

Path coefficient analysis (Dewey and Lu 1957) furnished a method partitioning the correlation
coefficient into direct and indirect effect and provides the information on actual contribution
of a trait on the yield. By determining the inter relationships among grain yield components, a
better understanding or both the direct and indirect effects of the specific components can be
attained (Pavan et. al., 2011; Pavlov et.al., 2015). Such an analysis helps the breeders to
identify the characters that could be used as selection criteria in maize breeding programmes
(Table 3 and Figure 1).

The most positive direct effect of examined traits to grain yield was found for 1000 kernel
weight (0.365), also positive direct effects were found for ear diameter (0.248), ear length
(0.202) and number of rows per ear (0.076). Negative direct effects were found for remaining
trait, cob diameter (-0.057). For all traits which had positive direct effect on grain yield,
positive indirect effects were also observed. On the other side, for cob diameter, which had
negative direct effect, their indirect effects through other traits were also negative. 1000
kernel weight had the highest indirect positive effects on grain yield by ear diameter (0.232),
while cob diameter had the highest indirect negative effects on grain yield by ear diameter (-
0.048).

Table 3. Direct (diagonal) and indirect (off-diagonal) effect of 5 traits on grain yield

i Genotypic
Ear Ear Cob Number 1000 correlations
) . of rows Kkernel g .
length diameter  diameter . with grain
per ear weight )
yield
Ear length 0.202 0.061 0.030 0.006 0.072 0.371
Ear diameter 0.075 0.248 0.212 0.145 0.157 0.837
Cob diameter -0.001 -0.048 -0.057 -0.037 -0.026 -0.169
Number of Tows 00 (044 0049  0.076 0.017 0.188
per ear
1000-kernel 0130 0232 0167  0.084 0365 | 0978
weight

High values of indirect effects were observed for 1000 kernel weight via ear diameter (0.232)
and ear diameter via cob diameter (0.212) in accordance with the classification established by
Lenka and Mishra (1957). Moderate values were observed for 1000 grain mass over grain
length (0.130), 1000 grain mass over grain diameter (0.167), grain diameter over number of
rows (0.145) and grain diameter over 1000 grain mass (0.157). Low values were recorded for
other indirect effects.
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Figure 1. Path diagram for grain yield
Conclusions

High heritability was found for ear length, ear dimeter, cob diameter, number of rows per ear,
1000 kernel weight and grain yield. These traits were less influenced by environmental
factors. Also, high heritability with high GAM was found in ear length, 1000 kernel weight
and grain vyield, these traits can therefore be used in plant breeding program. 1000 kernel
weight and ear diameter had highest positive direct effect whereas cob diameter had negative
value on grain yield.

These traits also exerted favorable direct and indirect effects via the other traits. Therefore,
these traits could be considered as important selection criteria for grain yield improvement in
maize breeding program. However, further evaluation of these genotypes at more locations
and over years is important to get reliable results.
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Abstract

Sweet maize, a popular vegetable, occupies an important place in the population’s diet, and in
recent decades, the area under this crop has been increasing. In this paper, the influence of
cover crops (CC), with and without the application of microbiological fertilizer, on the yield
and yield components of sweet maize (hyrbid ZPSC 421su, FAO 400) was examined. The
experiment was carried out at the "Zemun Polje" Maize Research Institute during 2014/15-
2015/16. CC consisted of four types of plants: 2 legumes: T1-common vetch, T2-field pea, 2
non-leguminous species: T3-winter oats and T4-fodder kale. Two variants with mixtures
were: T5-common vetch + winter oats and T6-field pea + winter oats and two controls T7
(straw) and T8 (bare soil). CC was sown in autumn, plowed at the end of April or May, after
which 1/2 of the plot was treated with microbiological fertilizer. Sweet maize was sown in
mid-May at a density of 65,000 plants per ha. For industrial processing, the shape, size and
uniformity of the corn cob, grain size, and row configuration are important. CC influenced the
increase in the number of grain rows and the number of grains in a row, the most in the
variant T4, and the weakest in the variants with mixtures (T5 and T6). The highest cob length
values were measured in the T4 variant. The largest cob diameter was measured in 2016 in T4
(4.6 cm), and the smallest value in controls (3.1 cm and 3.3 cm) in 2015. By comparing the
examined years, we can see that in the first year the highest yield was achieved in the T4
variant (6261.70 kg ha™), while the lowest was achieved in the T6 variant (2732.88 kg ha™) in
the second year.

Key words: cover crops, microbiological fertilizer, sweet maize, yield, grain.
Introduction

The highest production growth rate among all grains, including wheat and rice, was recorded
by maize in the period from 2010-2020. year, due to changed eating habits, as well as
increased industrial needs (Das and Singh, 2016). In Serbia, hybrids of maize with specific
properties (protein maize), popcorn and sweet maize are grown, which are increasingly
popular in the diet. Srdi¢ et al. (2019) states that sweet maize is a tasty and high-quality
vegetable whose grain, in addition to sugar, also contains amino acids, minerals and vitamins
of the B group, which are in a very good ratio. Unlike standard maize, sweet maize is used
fresh, as direct food for humans or for industrial processing in the milky stage of endosperm
development, when the grain is tender, juicy and sweet. It contains a lower proportion of
starch and a higher proportion of sugar, primarily sucrose. Types of sweet maize with yellow
endosperm are the most important for industrial processing and fresh consumption (Paji¢ et
al., 2008). Hybrids for the fresh sweet maize market should produce a large number of
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attractive cobs per unit area. When it comes to freezing the entire sweet maize cob, the
requirements are similar to the consumption of hybrids in a fresh state - a higher number of
cobs per unit area and a suitable appearance of the cob. The yield of each plant species
represents the most significant quantitative characteristic. When it comes to sweet maize, the
meaning of "yield" changes depending on the market (Paji¢ et al., 2008). Dolijanovi¢ et al.
(2012) states that by using cover crops and covering the soil during autumn and winter with
dead organic mulch - straw, the highest sweet maize grain yield is obtained, while the lowest
sweet maize grain yield and the lowest grain yield were achieved in the conventional
cultivation system. Of the cover crops, the sweet maize yield was positively influenced by
sweet vetch from leguminous plants in winter, and forage kale from non-leguminous plant
species in winter. The yield of sweet maize is influenced by the type of cover crop, the
amount of biomass and the date of plowing (Brzeski et al., 1993; Tejada et al., 2008;
Dolijanovi¢ et al., 2012; Dolijanovi¢ et al., 2013; Rosa, 2014). The positive impact of cover
crops on increasing the yield of the main crops is the result of less infestation and increased
competition for the main factors of growth and development and through the secretion of
allelopathic compounds. Legumes as cover crops can often provide sufficient nitrogen needed
for main crop production. Thiessen-Martens et al. (2005) called this feature of cover crops
"fertilizer replacement value". The corn crop better absorbs accumulated nitrogen from the
soil after plowing cover crops, than by direct addition of nutrients through mineral fertilizers
(JanoSevi¢, 2021). Apart from the positive effect on sweet corn yield, Abdul-Baki et al.
(1997) states that the cultivation of cover crops makes it possible to reduce the use of
herbicides and pesticides. Cover crops with higher biomass production, plant height and root
system elongation are usually more competitive. In systems of sustainable production, an
important role is played by the application of microbiological fertilizers, that is different types
of microorganisms, which can influence the increase of soil biogenicity and overall fertility,
which leads to the production of an ecologically valuable product. Glamoclija et al., (2022)
states that biopreparations based on bacteria and fungi can be an alternative or supplement to
mineral nutrients in the production of cultivated crops. Cover crops in cropping systems could
provide economic and environmental benefits and play an important role in adjusting the
cropping systems toward sustainable production and climate-smart agriculture (Vojnov et al.,
2022). The benefits of cover crops have been recognized for a long time; however, only a few
studies have assessed multi-mixes in terms of agronomic, environmental, and economic
indicators (Chapagain et al., 2020). Drill-interseeding is becoming a viable method for
integrating cover crops in no-till maize (Zea mays L.). Development of best management
practices for drill-interseeding cover crops into no-till grain crops requires greater
understanding of cover crop performance at the species and cultivar level (Caswell et al.,
2019). Cover crops can provide ecological services and improve the resilience of annual
cropping systems (Noland et.al, 2018). The aim of this work is to examine the influence of
cover crops, grown individually or in mixtures, which are important in preserving and
improving the chemical properties of the soil, with the application of microbiological
fertilizers, on increasing the yield of sweet corn in Serbia. The tested sweet corn hybrid with
specific properties is very interesting for producers, because it was selected for special
purposes.

Materials and methods
Field experiment was carried out in 2014/15-2015/16 (factor Y) growing seasons, at Maize
Research Institute in Zemun Polje, Belgrade (44°52'N; 20°20'E). The experiment was

established as a block design with four replications. As winter cover crops (factor T) the
following plants were grown: Tl-common vetch (Vicia sativa L.), T2-field pea (Pisum
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sativum L.), T3-winter oats, (Avena sativa L.), T4-fodder kale (Brassica oleracea (L.) convar.
acephala), two mixture variants of legume crops with oats: T5 - common vetch + winter oats
and T6- field pea + winter oats, and two control treatments: a variant in which the surface was
covered with straw (T7) and traditional variant: after ploughing in the fall plot stayed
uncovered during the winter (T8). The cover crops were sown in the amount: common vetch —
120 kg, field pea — 150 kg, winter oat — 160 kg, and fodder kale 15 kg per ha, and in mixture
relation between legume and oats was 70:30. The plot size was 17.5 m?. The seeds of sweet
maize hybrid ZPSC 421su (FAO 400) were sown in mid-May at the arrangement of 70 cm
between rows and 22 cm between plants in the row (65,000 plants per ha). Preceding crop
in both years was winter wheat. The autumn soil preparation (ploughing and seedbed
preparation) was performed immediately before sowing, when also soil samples were taken
for available N analysis at a depths of 0-20 cm and 20-40 cm. Further soil sampling from all
CC and control treatments was done in the spring, after CC harvest, as well as after sweet
maize harvesting. Before the sowing of CC (autumn) and sweet maize (spring) mineral
fertilization was applied in order to obtain 120 kg ha™ N, 90 kg ha™ P and 60 kg ha™ K. The
total amount of P and K fertilizers was applied in autumn with mono-potassium phosphate
fertilizer (a.m. 0:52:34) and the required N amount was incorporated together with sweet
maize sowing (Urea 46% a.m). Nitrogen fertilization was conducted as following: for non-
legume crops and control treatments it was 120, for sole legume itwas 80 and for mixture it
was 90 kg ha™ N. The remaining 40 or 30 kg ha® N was considered to be provided by
nitrogen fixation. Green biomass of the cover crops was incorporated in the soil, immediately
after; half of the elementary plot was infested with bio-fertilizer — Uniker (factor BF)
mobilizer of nutrients, in an amount of 10 | ha™. Adding BF to the soil immediately after
plowing cover crops is expected to intensify the mineralization of plant residues. The cobs
were harvested at the stage of milk maturity of kernels. The obtained data were processed
statistically, using the method of analysis of variance (ANOVA), for individual comparisons
the least significant difference test LSD test (significance level 0.05) was used.

Table 1. Chronology of field operations and length of vegetation period of sweet maize

Year 2015 2016

Cover crops sowing November, 13November, 4
2014 2015

Cover crops sampling May, 12 April, 19

Cover crops and microbiological fertilizer incorporated May,21 April, 28

Sweet maize sowing May, 21 April, 28

Hand weeding 1 June, 22 June, 12

Hand weeding 2 July, 15 July, 9

Sweet maize harvest August, 21 Avgust, 3

Length of vegetation period of sweet maize (in days) 92 97

Table 2. Average air temperatures and precipitation sums from April to September at Zemun Polje

Months Temperature (°C) Precipitation (mm)

2015 2016 2015 2016
April 12.9 15.5 19.7 53.9
May 19.1 17.5 07.8 71.3
June 22.1 22.5 31.1 152.2
July 26.4 24.4 7.2 35.0
August 25.7 22.3 56.0 60.8
September 20.2 19.7 73.6 A7.8
Average/Sum 21.1 20.3 285.4 70.2
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Meteorological conditions during the test period are shown in Table 2. In 2015, the mean
monthly air temperatures were higher, and the amount of precipitation was significantly
lower, especially there was a significant lack of precipitation for use during the critical period
of grain filling, which was not favorable for sweet maize. Precisely in dry years, cover crops
showed greater efficiency, while microbiological fertilizers increased the quantity, but not the
quality, of the yield of the main crop. The second year of the trial is more favorable from the
point of view of the distribution of precipitation for the main crop, with a short dry period in
July, which was compensated by a significant amount of precipitation from the previous
month.

Results and discussion

For sweet maize producers, especially in sustainable agriculture, where there is less
investment, satisfactory results are achieved in terms of yield compared to conventional.
Sweet corn is grown on small areas in Serbia (about 5,000 ha), but despite this, it represents a
significant financial gain for producers, and in proportion to the growing needs, it is expected
that the areas under this crop will increase significantly in the coming years. These results
show that the introduction of cover crops in the corn hybrid cultivation technology is justified.
In this paper, the number of rows of grains, the number of grains in a row, the length of the
cob and the diameter of the cob of sweet maize were analyzed as yield components.

Table 3.Number of crain rows in sweet maize

'Year/ Treatmens 2015 2016
BFQ BF  |Average [BFQ [BF [Average [Average

L 16.2 159 [16.1 172 [15.8 16.5 16.3
T2 16.3 16.5 [16.4 17.4 [16.1 16.8 16.6
T3 16.2 16.3 [16.3 16.4 [14.8 15.6 16.0
T4 17.0 16.7 |16.9 17.0 [16.7 16.9 16.9
TS5 15.3 17.2 [16.3 15.4 [16.0 15.7 16.0
T6 16.1 16.9 |16.5 16.0 [17.0 16.5 16.5
T7 16.2 172 |16.7 176 [16.2 16.9 16.8
T8 16.3 159 [16.1 16.7 [16.7 16.7 16.4
Average 16.2 16.6 [16.4 16.7 [16.2 16.5 16.5
Factor Y BF L YBF YT BFT YBFT
LSD 0.05 0.366 0.366 [0.732 0.518 [1.035 1|0.518 1.464

p<0.05 significant (*); p>0.05 no significant (™)

Sweet maize hybrids that have at least 16 regularly distributed rows of grains, deep grains,
and grain to the top of the cob are most valued (Pajic¢ et al., 2008). In interaction with the year
of the study, Uniker exerted a significant influence on this component of the yield, which
indicates that its action depended to a high degree on meteorological conditions, primarily the
amount and distribution of precipitation during the vegetation period of the main crop. A
greater number of grain rows was determined in the first year of the trial, where more robust
cover crops, such as winter fodder kale, as well as the mixture showed the greatest impact
(Table 3). Le Vinh Thuc et al. (2022) in the research came to the result that treatment with
supplemental lime and microbial organic fertilizer gave a greater kernel length than those with
only lime or microbial organic fertilizer.
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Table 4. Number of kernels in a row in sweet maize

'Year/ Treatmans 2015 2016 Average
IBFO BF Average [BF@ |BF IAverage

Tl 32.0 30.0 31.0 33.2 35.2 34.2 32.6
T2 33.5 32.2 32.9 33.3 35.0 34.2 33.6
T3 31.6 34.7 33.2 29.7 29.3 29.5 31.4
T4 34.4 34.9 34.7 36.8 35.3 36.1 35.4
TS 30.5 29.7 30.1 34.1 30.8 32.5 31.3
T6 30.9 30.4 30.7 30.1 26.9 28.5 29.6
T7 33.7 36.2 35.0 35.6 33.3 34.5 34.5
T8 29.8 30.9 30.4 35.6 33.0 34.3 32.4
Average 32.1 32.4 32.3 33.6 32.4 33.0 32.7
Factor Y BF T YBF YT BFT YBFT
LSD 0.05 1.386 1.386 [2.773 1.961 [3.922 [3.922 5.547

p<0.05 significant (*); p>0.05 no significant (™)

In the first year of testing, the number of grains in a row in sweet maize was significantly
influenced by the factors of year and type of cover crops, as well as their mutual interaction,
where there was an increase in the value of varieties with the application of Uniker.
Dragicevic¢ et al. (2015) states that in the absence of precipitation, and especially in conditions
of high air temperatures, the effect of applied microbiological fertilizers is more pronounced.
The highest values were achieved by winter fodder kale, field pea and common vetch, while
the lowest was recorded for varieties with mixtures.

Table 5. Cob length (cm) of sweet maize

Year/ Treatmans [2015 2016
BFO BF Average BFO BF Average |Average

Tl 14.8 149 [14.9 173 199 [18.6 16.8
T2 14.8 14.6 (147 183 188 [18.6 16.7
T3 15.0 153 [15.2 16.3 |16.0 [16.2 15.7
T4 16.7 16.1 [16.4 195 |19.7 196 18.0
5 15.2 14.4 148 184 188 [18.6 16.7
T6 15.4 153 [154 18.1 |19.7 189 17.2
7 14.5 14.7 [14.6 184 188 [18.6 16.6
T8 14.6 14.1 (144 186 185 [18.6 16.5
Average 15.1 149 [15.0 18.1 188 [184 16.7
Factor Y BF T YBF YT BFT YBFT
LSD 0.05 0.427 0.427 [0.854 0.604 [1.208 |1.208 1.709

p<0.05 significant (*); p>0.05 no significant (™)

The year and type of cover crop and their mutual interaction had the greatest influence on the
yield component of cob length. Higher values were measured in the second year of the test
(Table 5), where the variant with winter fodder kale had statistically significant values. The
measured cob lengths ranged from 13.5 to 19.5 cm and had values that are close to the values
measured by Srdi¢ (2009) for hybrids in her dissertation at the same location. Depending on
the tillage system, Orosz (2017) in his research obtained a significantly smaller cob length,
16-17cm. The variant with winter oats recorded the smallest cob length. Paji¢ et al. (2008)
states in their research that for the majority of the fresh sweet maize market, the most
desirable hybrids are those with at least 16 straight rows of grains and with a cob length of 20-
23 cm. The choice of varieties or hybrids has an impact on the length of the cob, as the length
of the sweet corn cob decreases with the increase in the length of the growing season (Orosz,
2020).
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Table 6. Cob diameter (cm) of sweet maize

'Year/ 2015 2016

Treatmans BFO BF [Average BFO |BF  |Average (hverage
Tl 3.1 3.9 3.5 5.0 4.1 4.6 4.1
T2 3.3 3.4 3.4 48 4.6 4.7 4.1
T3 3.4 3.4 3.4 49 3.7 4.3 3.9
T4 3.7 4.0 3.9 6.6 4.7 5.7 4.8
TS5 3.8 3.2 3.5 5.4 4.2 4.8 8.3
T6 3.6 3.1 3.4 4.7 4.5 4.6 4.0
T7 3.2 3.4 3.3 4.1 4.3 4.2 3.8
T8 3.1 3.1 3.1 43 4.1 4.2 3.7
IAverage 3.4 3.4 3.4 50 4.3 4.6 4.0
Factor Y BF L YBF YT BFT YBFT
LSD 0.05 0.151 0.151 0.304 0.215 [0.429 |0.429 0.607

p<0.05 significant("); p>0.05 no significant (™)

By measuring the diameter of the cob of sweet maize it was established that there is a
statistically significant variation in the recorded values depending on all the investigated
factors, except for the interaction of Uniker and the type of cover crop. The highest values for
cob diameter were achieved in the second year of the test on varieties of individual cover
crops (Table 6), while the lowest values were measured on the control varieties in the first
year.

Table 7. Yield of sweet maize kernels (kg ha™)

Year/Treatm 2015 2016
BFO |BF Average [BFO BF [Average |Average

Tl 4410.17 3730.61 4070.39 3722.71 4221.74 [3972.23 4021.31
T2 5076.85 6148.06 [5612.46 [3064.86 452791 3796.39 4704.43
T3 4648.85 6529.26  [5589.06  14345.00 2047.05 [3196.03 4392.60
T4 6602.47 5920.93 6261.70 5308.75 4573.53 14941.14 |5601.42
TS5 4290.71 4786.33 |4538.52 [2921.50 3073.33 2977.42 |3758.00
T6 5792.68 [5074.11 [5433.40 [3311.87 2153.89 2732.88 14083.14
T7 4180.51 |6554.72 |5367.62 14023.13 4869.60 14446.37 14907.00
T8 5605.98 14232.43 14919.21 14143.22 3470.79  [3807.01 4363.11
Average 5076.03 [5372.06 [5224.04 3855.13 3617.23 [3736.18 4480.11
Factor Y BF T YBF YT BFT YBFT
LSD 0.05 283.70 283.70 567.40 401.21 802.43 802.42 1134.80

p<0.05 significant("); p>0.05 no significant (™)

Yang et al.(2023) states in the research the effectiveness of cover crops. Crop productivity
and grain yields varies substantially with weather, length of growing season, soil type, crop
species, and cover crop characteristics such as biomass production, C:N ratio and residue
decomposition rate. From CC, field pea and fodder kale, as well as leguminous mixtures with
winter oats stood out in the first year of testing (Table 7) with the highest yield, while in the
second year the lowest yield was recorded for varieties in mixtures (T5 and T6). Observing
the meteorological conditions in the years of the study, the effect of cover crops was smaller
in the year with lower amounts of precipitation, with increased air temperatures during the
vegetation period of the main crop. According to the results of Williams et al. (2008), in the
case of sweet corn, the main factors of grain yield reduction are lower competitiveness in
relation to weeds and greater sensitivity to drought during the summer months. Antosh et al.
(2020) reported the results regarding the yield of sweet corn grains during two years of trials
and at two locations after a cover crop of vetch, that it increased by 35.9% to 50.4% compared
to conventional cultivation technology, while in the trials of Moore et al. (2020) ranged from
13.2 to 16.4 t ha™. Of the winter cover crops and their mixtures, as well as in relation to the
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conventional way of growing sweet corn (Dolijanovi¢ et al., 2014), winter hairy vetch had the
advantage in terms of the achieved yield grain of sweet maize. Research results Noland et al.
(2018) support that interseeding cover crops into maize at the seven-leaf collar stage
introduces little to no risk of maize yield reduction, at least in years with above-normal
precipitation.

Conclusions

The results of this work indicate that in a dry climate, without irrigation, cover crops that are
more robust, with more developed above-ground biomass and greater soil coverage, primarily
legumes grown individually or in mixtures, can increase the productivity of sweet maize and
serve as an important part of sustainable cultivation systems of corn hybrids for specific
purposes in our climatic conditions. The significant variation of yield and yield components in
relation to the examined factors and their interactions is an indicator of a significant influence
of both growing conditions and applied agrotechnical measures before and during the sweet
maize vegetation period. From this research we conclude that the inclusion of some species as
cover crops in the simplified cropping systems which actually predominate in the semiarid
regions, improves N use efficiency, compared to the alternative long fallow periods between
summer crops. Despite the clear benefit of cover crops, additional work must resolve the
apparent interactions of fertilizer and cover crops on N mineralization/ immobilization
processes.
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Abstract

Apple (Malusxdomestica Borkh.) is one of the most represented and economically most
important fruit species. There are a number of calcium-containing products on the market that
can be applied before or after harvest to delay fruit maturation with no negative effects on
consumers. The paper also presents the results of a study on the effects of a foliar application
of calcium chloride (‘Stopit’) on the physical and basic fruit quality properties of the apple
cultivar ‘Gloster’. The study was conducted for two consecutive years, and the changes in
fruit weight, firmness, dimensions, soluble solids, total sugars, and organic acids content were
studied during harvest and storage periods of 60 and 120 days in a regular cold chamber.
Fruits treated with calcium chloride had higher fruit weight, height, width, firmness, total
sugars, and ratio between total sugars and organic acids (206.0 g, 70.6 mm, 77.8 mm, 7.6 kg
cm?, 10.4%, and 21.4, respectively). The storage period had a significant effect on all fruit
parameters studied, except for the content of total acids. The highest values of physical
properties were mesured at the moment of storage, soluble solids content after 60 days (13.2°
Brix), and total sugars (10.9%) and sugar/acid ratio (22.3) after 120 days of storage. Foliar
application of CaCl, during vegetation can be an effective measure to avoid losses in apple
fruit quality during storage in the regular cold chamber.

Keywords: apple, CaCl,, storage.
Introduction

Apple (Malus x domestica Borkh.) is the most important continental fruit tree species. In the
global fruit production structure, apples rank fourth, behind citrus fruits, grapes, and bananas
(MiloSevi¢ et al., 2019). The global apple production in 2021 amounted to 93,144,358 tons,
while in the Republic of Serbia, it is grown on an area of 27,034 hectares, with a total
production of 513,238 tons (FAOSTAT, 2021).

Apple fruits can be consumed fresh immediately after harvest or after a certain storage period
(Folta and Gardiner, 2009), and they are often stored for a longer period of time in a
controlled atmosphere for production profitability reasons. During storage, intense metabolic
processes occur, leading to a reduction in fruit quality (Fattahi et al., 2010). Sams et al. (2008)
state that many physiological and pathological disorders of apple fruits during storage are
related to low calcium (Ca®") content in fruit tissue. The concentration of calcium in plant
tissue plays an extremely important role in maintaining fruit quality after harvest. Several
authors (Hossain et al., 2005; Misra and Gupta, 2006; Naeem et al., 2009) emphasize that the
application of calcium-based products positively affects the stabilization of cell membranes
and the delay of fruit aging, maintains fruit firmness, reduces the occurrence of ‘bitter pit’ and
internal fruit decay (Raese and Drake, 2002; Dierend and Rieken, 2007; Suljevic et al., 2011).
There are numerous calcium-containing products available on the market, that are applied
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before or after harvest, enabling the quality preservation of fruits without harmful effects on
human health (Lester and Grusak, 1999; Shirzadeh et al., 2011).
The aim of this research was to determine the effects of foliar application of a calcium
chloride-based product (‘Stopit’) on changes in the quality of ‘Gloster’ apple fruits stored
under normal atmosphere.

Material and Methods

The research was conducted during the period 2018-2019 in the production-experimental
apple orchard of the Fruit Research Institute in Cagak (43° 89' 40" N, 20° 43' 42" E, altitude
233 m). The orchard was established in 2006, and apple trees were grafted to the M9
rootstock. The slender spindle training system was applied. The planting spacing was 4x1.25
m (2,000 trees ha®). Standard agri agromonic and pomotechnical practices were applied
during the investigation period.

‘Gloster’ is a German apple cultivar created at the Jork Experimental Station in 1969 by
crossing the cultivars ‘Glockenapfel’ and ‘Richared’. It ripens in mid-September, and the
fruits can be stored in cold storage with normal atmosphere until the end of March. During
cold storage, physiological disorders such as bitter pit, glassiness, fruit mealiness, and others
may occur (Misi¢, 2004).

In the experiment, a liquid foliar fertilizer with the commercial name ‘Stopit’ (Yara UK Ltd.
Pocklington, York, UK) was applied. It is a solution of calcium chloride (CaCl,) with a high
concentration of calcium (12% w/w = 160 g L™). Its application is recommended in fruit trees
to prevent calcium deficiency in fruits. It is used from the beginning of flowering until the end
of the fruit ripening phase, especially from the fruit pigmentation phase until harvest.

The research included foliar application of the ‘Stopit” (CaCl, concentration of 224 g L™).
Foliar application was made to 20 trees in four replicates (a total of 80 trees per treatment)
from early June to mid-August. In both years of the study, the preparation was applied four
times. In 2018, the application dates were June 7, July 2 and 20, and August 15. In 2019, the
application dates were June 14, July 5 and 26, and August 16. The foliar application was
performed using a motorized sprayer SR 420 (STIHL International GmbH Waiblingen,
Germany), at a consumption rate of 1,000 L ha™. The preparation was applied at a rate of 7.5
L ha* (150 mL in 10 L of water). The control consisted of ‘Gloster’ apple trees that were not
treated with the ‘Stopit’ product. In the study the physical characteristics (weight, width,
height, firmness) and basic chemical properties (soluble solids content, total sugars and
organic acids content, as well as their ratio) of the fruit were investigated. These parameters
were determined during the harvest period and after 60 and 120 days of fruit storage in a
normal atmosphere.

Weight, height and width, fruit firmness, and soluble solids content were determined using
standard morphometric methods on a sample of 80 fruits (four replicates of 20 fruits each).
Fruit weight (g) was measured using a digital scale (Adventurer Pro AV812M, Switzerland),
while fruit length and width (mm) were determined using a digital calliper (Carl Roth,
Germany). Fruit firmness was measured using a digital penetrometer (Model FHT-803, Italy),
and values were expressed in kg cm™. Soluble solids content in apple fruits was determined
using a digital refractometer (Carl Zeiss, Jena, Germany) at room temperature (20 °C), and
the values were expressed in °Brix. Total sugar content was determined volumetrically using
the Luff-Schoorl method (Dzamié, 1989), while total acidity was determined by titration, and
the values of these parameters were expressed as percentages. The sweetness index,
representing the ratio of total sugars to acids, was calculated.

Results are presented as mean =+ standard error of the mean (SE). Differences between mean
values were compared using Duncan's test in a three-way analysis of variance (ANOVA)
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using the MSTAT-C statistical computer package (Michigan State University, East Lansing,
MI, USA). Differences with p values < 0.05 were considered statistically significant.

Results and Discussion

The results of the study on the effects of year, treatment with calcium chloride, and storage
duration on the physical and chemical properties of ‘Gloster’ apple fruits are presented in
Table 1. Analysis of variance revealed that weather conditions during the study years
significantly influenced all the quality parameters of the fruits. No statistically significant
differences were found in the values of soluble solids content and total acidity of apple fruits
when the ‘Stopit’ product was applied. Significant effects of the storage time were found for
all studied fruit properties, except for total acidity. The interaction effect of all factors was
observed only for total sugar and acid content in ‘Gloster’ apple fruits, indicating that the
individual effects of each factor, as well as their interactions, can be neglected. Statistically
significant interaction effects conditioned by the combined action of two variability factors
were recorded for the other studied pomological properties.

The results of the interaction effect of year and treatment with the ‘Stopit’ product on the
weight, width, and height of ‘Gloster’ apple fruits are shown in Figure 1. The highest values
for fruit weight, width, and height were observed in the treatment with the ‘Stopit” product in
2018, while the lowest values were recorded in the control variant in 2019. Misi¢ (2004)
emphasizes that the fruits of ‘Gloster’ apple belong to the group of large to very large fruits
(180250 g). Fruits of desirable apple cultivars should ideally have dimensions ranging from
65 to 80 mm (Gvozdenovi¢, 1998). On the other hand, Asgharzade et al. (2012) state that
foliar application of calcium chloride during the growing season influences an increase in
apple fruit weight, and Amiri et al. (2008) confirmed a positive impact on fruit dimensions in
their studies. Our results are consistent with the findings reported by the mentioned authors,
indicating a correlation.

Weight (g) ) Height mm)  © 4 . Width (mm) ©)
250 A a 76 - a
80 -
74 - CaCl2
200 - b be ¢ Control
72 - 78 -
N 70 N
150 b 76 - b b
68 - be b
100 - 66 - ¢ 74 -
50 - 64 1 72 -
62 -
0 . . 60 . .70 :
2018 2019 2018 2019 2018 2019

Figure 1. Interaction effect of year/treatment on weight (a), height (b) and width (c) of the fruit of
apple cultivar ‘Gloster’

214



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Table 1. Influence of year, treatment of Stopit and period of storage on physical and chemical properties of apple fruit of the cultivar ‘Gloster'

Fruit weight  Fruit height Fruit width Firmness SSC TS TA
Treatment @ (mm) (mm)  (kgem?)  (Brix) (%) (%) TSITA
Year (A)
2018 201.4+£5.5a 71.5+0.8 a 77.7£0.8 a 7.6+0.2 a 10.6:0.3 b 9.4+0.3 b 0.4+0.0Db 19.5+0.7 b
2019 183.9£3.5b 65.8+0.7 b 74.7+0.6 b 6.8+04 b 14.1£0.1 a 11.8£0.2 a 0.5£0.0 a 22.2+0.7 a
Treatment (B)
CacCl, (Stopit) 206.0+4.9 a 70.6+1.1a 77.8+0.8 a 7.6£03 a 125404 a 10.4+0.4 a 0.5+0.0 a 21.4+0.7 a
Control 179.2+43.1b 66.7+0.6 b 74.6+0.6 b 6.8£0.3 b 12.3+04 a 10.1+03 b 0.5+0.0 a 20.4+0.7 b
Storage duration (C)
0 days 199.6+5.7 a 69.7+0.9 a 77.6+0.7 a 8.7+0.2 a 11.4+0.6 ¢ 9.2+04 b 0.5+0.0 a 19.0+£0.6 ¢
60 days 193.5+6.3 ab 69.7£1.2 a 76.6+0.8 a 6.8+0.2 b 13.2+04 a 10.7+0.1 a 0.5+0.0 a 21.4+040b
120 days 184.7+5.6 b 66.5+1.2 b 744+1.1b 6.0£03 ¢ 12.4+0.4 b 10.9+0.5 a 0.5+0.0 a 22.3+1.2a
ANOVA
A * * * * * * *
B * * * ns * ns *
C * * * * * ns *
AxB * * * ns ns * ns *
AxC ns ns ns * * *
BxC ns ns ns ns * *
AxBxC ns ns ns ns ns * * ns

SSC - total soluble solids; TS - total sugars; TA - titrable acidity; TS/TA — ratio between total sugars and total acids.

*Values within each column followed by the same small letter are not significantly different at p<0.05 by Duncan'’s test; ns - non-significant differences
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Figure 2. Interaction effect of year/storage duration on fruit firmness of apple ‘Gloster’

Figure 2 shows the interaction effect of year and storage duration on the firmness of ‘Gloster’
apple fruits. The highest value was obtained for fruits sampled in 2019 and tested at harvest
time (0 days), while the same fruits had the lowest firmness value after 120 days of storage.
These results are consistent with the findings of Casero et al. (2004), who found that the
application of calcium chloride reduces softening and maintains fruit firmness during storage.
On the other hand, Baranyai et al. (2020) emphasized that as the storage period is extended,
the firmness of apple fruits decreases, which is confirmed by the results of our research.

The results regarding the interaction effect between year and storage duration, as well as
treatment and storage duration, on the soluble solids content of ‘Gloster’ apple fruits are
presented in Figure 3. The highest value for this quality parameter was determined in 2019
after 60 days of storage, while the lowest value was observed in fruits sampled in 2018 at
harvest time (0 days). On the other hand, when analyzing the results of the interaction effect
between the treatment with the ‘Stopit’ product and storage duration, the highest values were
found in the control after 60 days of storage, while the lowest values were observed in the
same variant at harvest time (0 days). According to literature data, a soluble solids content of
11°Brix is considered a lower value to achieve optimal consumer acceptance (Magazin et al.,
2013).

Soluble solids content (°Brix)
2018

2019 CaCl2
16 b a 16 4 Control
14 - b 14 - ] a b
12 4 d 12 - b
10 4 ¢ 10 - q c
8 e 8
6 -
6
4 .
2 a) 47
0 ; . 2 b)
0 days 60 days 120 days 0 i i
0 days 60 days 120 days

Figure 3. Interacion effects of year/storage duration (a) and treatment/storage duration (b) on the
soluble solids content of apple ‘Gloster’
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The results of total sugar and acid content in ‘Gloster’ apple fruits, depending on the influence
of year, treatment, and storage duration, are shown in Figure 4. The interaction effect of
variability factors significantly influenced the total sugar content in ‘Gloster’ apple fruits
(Figure 4a). The highest value for this parameter was recorded in 2019 for fruits treated with
‘Stopit’ product and stored for 120 days, while the lowest value was observed in both types of
fruits (treated and untreated) in 2018, at harvest (0 days). Hudina and Stampar (2009) state
that calcium content does not play a significant role in the sugar content of apple fruits;
instead, sugar content depends on genotype, environmental factors, and agronomic practices.
During storage, changes in sugar content occur due to increased starch degradation.
According to Niketi¢-Aleksi¢ (1994), the average total sugar content in apple fruits varies
from 6.6% to 15.5%. The interaction of these variability factors also significantly influenced
total acid content (Figure 4b). Control fruits tested in 2018 after 120 days of storage had the
highest content, while fruits in the same year treated with calcium chloride and tested at
harvest (0 days) had the lowest total acid content. Optimal calcium supply directly affects an
increase in acid content in fruits, while during storage, these values decrease due to fruit
respiration and organic acid degradation processes (Cheng et al., 2018).

Total sugars (%) Total acids (%)

a) b)
2018 2019 2018 2019
0,6
0,5
04 -
0,3 -
0,2
0,1

d

abc

ef of 2 abc
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|||\ | |
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120
days  gays 0 days d60
ays

bcde

0 days CaCl2

120
days

Figure 4. Interaction effects of year/treatment/storage duration on total sugars (a) and total acids (b) in
the fruit of apple cultivar ‘Gloster’

Figure 5 shows the interaction effect of year/treatment, year/storage duration, and
treatment/storage duration on the sugar/acid ratio in ‘Gloster’ apple fruits. Higher values of
this parameter were recorded in 2019 and in the treatment with the ‘Stopit’ product (Figure
5a). Furthermore, higher values were observed in 2019 after 120 days of fruit storage (Figure
5b). However, no consistent trend was observed in the values of the sugar/acid ratio across
different storage duration and treatments (Figure 5c¢). In this regard, it is mentioned in the
literature that calcium slows down the ripening and accumulation of sugars in apple fruits,
resulting in increased sugar content and decreased acid content. However, during the storage
period, sugar content increases while the acid content decreases, resulting in changes in
sweetness index values (Kadir, 2005).
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Figure 5. Interaction effects of year/treatment (), treatment/storage duration (b), and year/ storage
duration (c) on total sugars/total acids content of apple fruit of cutivar ‘Gloster’

Conclusions

The results obtained indicate that foliar application of the ‘Stopit’ product based on calcium
chloride during the growing season is an effective measure to reduce quality losses in
‘Gloster” apple fruits during storage in normal atmosphere. In this regard, guidelines can be
provided to producers for improving apple cultivation techniques through the application of
the ‘Stopit’ product, aiming to obtain high-quality fruits without negatively affecting
consumer acceptance.
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Abstract

According to the average annual production, sour cherries take the third place in Serbian fruit
production. In the assortment, the most represented is the autochthonous variety ‘Oblacinska’,
which is characterized by a very small fruit. In recent decades, large-fruited varieties bred at
the Fruit Research Institute in Cagak, have become more widespread in sour cherry orchards.
Some of the newly bred varieties, similar to ‘Oblacinska’, are characterized by combined
properties and can be used as fresh fruit and/or for various types of processing. Sour cherries
are mainly used in Serbia as raw material for obtaining numerous products. Frozen cherries
dominate, but juices, sour cherry in brine, dried fruits, candied fruits, compote, wine, vinegar,
liqueurs are also produced, and in recent years, sour cherry spirit is gaining interest. The paper
presents the results of two-year examinations of the suitability of two varieties of sour
cherries with combined properties - ‘Sumadinka’ (‘Koérdser Weichsel” % ‘Heimanns
Konservenweichsel’) and “Sofija’ (‘Caganski rubin® x ‘Heimanns Konservenweichsel’), bred
in Cagak, and standard variety ‘Heimanns Konservenweichsel’, for the production of spirits.
The sour cherry spirits were produced from spontaneously fermented mashes of sour cherry
fruits with stones, followed by double distillation in alembic of traditional design. The
obtained monovarietal sour cherry spirits differed significantly in spirit yields and contents of
the ten major volatile components. Based on the results of sensory analysis in both years, all
obtained monovarietal sour cherry spirits can be classified as high-quality spirit drinks.

Keywords: Prunus cerasus, sour cherry spirit, yield of distillate, volatile components,
sensory characteristics.

Introduction

Since the middle of the 20™ century, the production of sour cherries in Serbia has been
constantly increasing. In a short period of time, from 2016 to 2020, the area under sour
cherries increased from 16,797 ha to 19,601 ha, while the average yield in this period was
115,831 t. Nowadays, Serbia is the fourth producer of sour cherries in Europe, and the seventh
in the world (Milatovi¢, 2023). The small-fruited cultivar 'Oblainska’, whose fruit weight
depending on the clone varies between 2.62 and 3.52 g (Nikoli¢ et al., 2005), and which is
mainly used for processing (Mileti¢, 2019), dominates in the sour cherry production with a
share of 60 to 70%. There is a tendency for spreading varieties with large fruit, larger than 5
g, which can be used for processing, but also for fresh consumption (Stancevi¢ and Nikoli¢,
1987; Radicevi¢ and Cerovi¢, 2015). Among large-fruited varieties, in addition to the most
commonly grown introduced variety 'Heimanns Konservenweichsel', 'Sumadinka' and 'Sofija’
resulting from the breeding work at the Fruit Research Institute in Cacak - are also grown in
Serbia.
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Sour cherries in Serbia are mainly used for processing; production of frozen cherries
dominates (Milatovi¢, 2023). The rest is used in industry and households for the production of
juices, syrups, candied fruits, sour cherries in brine, liqueurs, and more recently for the
production of dried sour cherries and sour cherry spirit (Radi¢evi¢ and Cerovi¢, 2015). Unlike
plum spirit, the Serbian national spirit drink, sour cherry spirit is produced to a much smaller
extent, mostly in years when the purchase price of sour cherries on the market is low, i.e.
when there is small demand for frozen cherries.

Sour cherry spirit is a delicacy product, consumed colorless, as an aperitif (Niki¢evi¢ and
Paunovi¢, 2013). There are two important steps in sour cherries processing that are related to
the characteristics of the fruits, and are considered important for obtaining high quality sour
cherry spirit. The first step is the separation of the stalks before processing (Diirr, 2000). The
second step is the presence of stones in the mash, which results in a more intense aroma
(stone like tone) of the sour cherry spirit than in the case when pitted fruits are fermented and
distilled (Niki¢evi¢ and Paunovié¢, 2013). Beside the method of production, the sour cherry
variety has a decisive effect on the quality of the sour cherry spirit (Niki¢evi¢ et al., 2011).
Similar to some plum varieties bred in Cagak that were not primarily aimed as brandy
varieties, but were used in this way (Popovi¢ et al., 2021), Cagak’s sour cherry varieties also
were not bred with the intention of being brandy varieties, but were used in this way in certain
years. Thus the aim of this work was to examine the suitability of Cadak’s sour cherry
varieties for the production of brandy (spirit).

Materials and methods

Fully ripe fruits without stalks of the sour cherry cultivars ‘Sumadinka’, ‘Sofija’ and
‘Heimanns Konservenweichsel’ were picked (70 kg fruits from each cultivar tested) in
experimental orchard in Cadak, Serbia, during 2016 and 2017. The Mettler technical scale
was used for the fruit and stone mass determination; stone ratios were calculated from these
values. Standard methods (Trajkovi¢ et al., 1983) were used for determination of soluble
solids contents (SSC) (by refractometry), total sugars, invert sugars and sucrose contents
(Luff-Schoorl method), total acids (by neutralisation with 0.1 M NaOH) and pH values (by
pH metry). The sugar/acid ratio was calculated.

Polyethylene vessels for alcoholic fermentation (three replications for each cultivar) were
filled with 20 kg of manually crushed fruits with stones. Sour cherry mashes with stones were
spontaneously fermented at a temperature of approximately 20 °C. The dynamics of mash
alcoholic fermentations was monitored daily (by refractometry). The mashes were distilled
immediately after completion of alcoholic fermentation. Pilot-scale copper alembic (volume
of the boiler was 25 L) was used for fermented mashes distillation; the first distillates with an
ethanol content of 22 vol.% were obtained. For the second distillation (redistillation of the
first distillate), the same distillation equipment was used; three fractions were separated
during the second distillation: head (1% of the first distillate volume put in the boiler of
alembic), heart (60 vol% ethanol content) and tail. Only the middle fractions (hearts) were
used for further chemical and sensory analyses. Before analyses, the ethanol content in the
heart-fractions obtained by the second distillation was reduced with deionised water from 60
to 42 vol.%. Yield of the sour cherry distillates was expressed as the yield of the first distillate
(expressed in L, with an ethanol content of 22 vol%) obtained by distillation of 20 kg of
mash, and then multiplied by 5, to be expressed on 100 kg fruits (L of distillate containing 22
vol% ethanol/100 kg fruits with stones).

The methanol, higher alcohols, ethyl acetate and acetaldehyde contents in the sour cherry
spirits were determined by gas chromatography with flame ionization detection (GC/FID)
method (Popovic¢ et al., 2021), and the content of benzaldehyde was determined by the official
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spectrophotometric method (SI. list SFRJ 70, 1987). The sensory analysis of colourless sour
cherry spirits was conducted by a four-member expert panel using the Buxbaum method
(Popovic¢ et al., 2021). Correlation analyses were performed using STATISTICA 7.0 software
(Statsoft, Tulsa, OK, USA).

Results and discussion

The fruit characteristics of the tested sour cherry varieties are shown in Table 1. All three
varieties, with a fruit weight of around 7 g, belong to the group of varieties with large fruit
although this characteristic is not important for spirit production. From the point of view of
the suitability of the variety for the production of sour cherry spirit, the most important
characteristics of the fruits are sugar content, stone ratio and aroma (Pieper et al., 1993).

Table 1. Fruit characteristics of sour cherry cultivars.

Cultivars

Characteristics Eelmanns : Sumadinka Sofija
onservenweichsel

2016 2017 2016 2017 2016 2017
Fruit mass (g) 6.70 6.65 7.54 7.52 7.09 7.01
Stone mass (g) 0.52 0.54 0.68 0.67 0.54 0.50
Stone ratio (%) 7.76 8.12 9.02 8.91 7.62 7.13
Soluble solids (%) 13.60 14.30 11.90 12.70 13.10 12.00
Total sugars (%) 8.44 9.20 6.48 6.96 8.16 7.44
Inverted sugars (%) 7.85 8.10 6.10 6.48 7.85 7.10
Sucrose (%) 0.56 1.04 0.46 0.47 0.29 0.32
Total acids (%) 1.88 2.15 1.86 0.95 1.34 1.96
pH 3.30 3.24 3.19 3.16 3.38 3.08
Sugars/acids ratio 4.49 4.28 3.48 7.33 6.09 3.80

Varieties with higher total sugar content can potentially produce higher distillate yields.
According to the content of total sugars, the most suitable variety for the production of sour
cherry spirit was 'Heimanns Konservenweichsel' (8.44 and 9.20%), followed by the variety
'Sofija' (8.16 and 7.44%), and finally the variety 'Sumadinka' (6.48 and 6.96%). The stone
ratio affects the content of benzaldehyde and the specific favorable aroma (expressed stone-
like tone) of the sour cherry spirit. In both years, the lowest stone ratio was found in 'Sofija’
(7.62 and 7.13%), and the highest in 'Sumadinka' fruits (9.02 and 8.91%). The content of total
acids significantly influences the formation of the taste of the fruit, mainly through the value
of the sugar/acid ratio, which is important for sour cherries used for fresh consumption and
for processing that does not include distillation. However, the pH value is much more
important for spirit production. The pH value in the fruits of the tested cultivars was very
close to 3.0 (from 3.08 to 3.38). This indicates that there is no need to acidify the mash for
cleaner alcoholic fermentation, which is in accordance with the recommendations of other
authors (Diirr, 2000; Nikic¢evi¢ and Paunovi¢, 2013) and with the fact that the optimal pH for
sour cherry mash fermentation is 3.25 (Pham et al., 2021).

Alcoholic fermentation of the mashes lasted from 12 to 18 days (Table 2). Although the
lowest distillate yields were obtained from the variety 'Sumadinka' (15.8 and 14.9 L of
distillate with 22 vol.% ethanol), whose fruits contained the least total sugars, the correlation
analysis did not reveal a statistically significant relationship between distillate yield and the
content of total sugars (r = 0.74). The value of the correlation coefficient between SSC and
distillate yield is even lower (r = 0.44), making the use of SSC as a reliable indicator for
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predicting potential distillate yield questionable. The highest distillate yields were obtained by
processing the fruits of the variety 'Sofia' (23.3 and 21.1 L of distillate with 22 vol.% ethanol),
although it would be expected that, considering the highest content of total sugars, the highest
yields of brandy would be obtained from the fruits of the 'Heimanns' Konservenweichsel'.
These differences might be due to the different sugar profiles in the fruits of the examined
cultivars, but also due to various profile of spontaneous microflora in the mashes during
alcoholic fermentation of examined cultivars. It is interesting to note that the highest distillate
yield is 56% higher than the lowest yield. The obtained data show how much the production
efficiency expressed as production yield differs among the sour cherry varieties, processed in
the same way.

Table 2. Duration of alcoholic fermentation (DAF, days) and yield of sour cherry distillates
(YSCD, L 22 vol. % distillate/100 kg mash).

Cultivars

Characteristics Heimanns . Sumadinka Sofija
Konservenweichsel

2016 2017 2016 2017 2016 2017

DAF (days) 13 12 12 12 15 18

YSCD (L 22 vol.%
distillate/ 100 kg mashy | 204 | 2Ll 158 149 1233 1211

The chemical composition and sensory evaluation of monovarietal sour cherry spirits are
shown in Table 3. According to Niki¢evi¢ and Paunovi¢ (2013), among all fruit brandies, sour
cherry spirit contains potentially the least amount of methanol (5,900 mg/L a.a.). Methanol
contents in experimentally produced sour cherry spirits ranged from 3,410 mg/L a.a. (‘'Sofija,
2016) up to 6,330 mg/L a.a. ('Sumadinka', 2017). This is significantly less than the maximum
level required by law (10,000 mg/L a.a.). Based on GC-FID analysis, Pham et al. (2021)
found that the main aromatic components of sour cherry spirit are 1-propanol, 2-methyl-1-
propanol, 2-methyl-1-butanol, 3-methyl-1-butanol, and ethyl acetate, which are formed
mainly during alcoholic fermentation and participate in the formation of the "body" of the
sour cherry spirit. The contents of acetaldehyde (45-225 mg/L a.a.) and ethylacetate (500-
1,339 mg/L a.a.) were within the ranges that give a pleasant fruity character of the aroma.
Seasonal differences in the content of these components in spirits of the same variety, are
probably the result of a different composition of the indigenous microbial flora. The contents
of 1-propanol, 2-methyl-1-propanol, 1-butanol, 2/3-methyl-1-butanol in the obtained spirits
were in much narrower ranges than those reported by Niki¢evi¢ and Paunovi¢ (2013). The
differences in the contents of higher alcohols found in monovarietal sour cherry spirits could
be attributed to the fine differences in the fruits composition and differences in indigenous
microbial flora. Also, varietal differences affected the different contents of 1-hexanol, which
is produced by enzymatic synthesis through the lipoxygenase pathway during fruit processing
and alcoholic fermentation. The contents of total higher alcohols also were in a narrower
range (4,534-5,958 mg/L a.a.) than the range (3,794-7,783 mg/L a.a.) reported by Nikicevi¢
and Paunovi¢ (2013). In our samples, the range of the proportion of 1-propanol in the total
higher alcohols was lower (25-37%) than those given by the above authors (35-60%). Among
the analyzed higher alcohols, only the contents of 1-propanol were significantly higher in
2017 than in 2016. This confirms the findings of Kovacs et al. (2018) that the contents of 1-
propanol and 1-butanol can be used to classify fruit distillates based on the year of harvest.
The proportions of higher alcohols depend on the composition of the raw material and can
serve as one of the factors for determining the authenticity of the distillate. In the case of sour
cherry spirit, the ratio of isoamyl alcohol and isobutanol (IA/IB) can be used to distinguish
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distillates of the 'Sumadinka' variety from distillates produced of the other two varieties.
Benzaldehyde is the characteristic and main aromatic compound of sour cherry spirits,
especially those obtained by processing the fruits with stones (Niki¢evi¢ et al., 2011).
Benzaldehyde contents ranged from 16.2 to 86.2 mg/L a.a. The highest concentrations were
found in sour cherry spirits of the 'Sumadinka' variety, followed by 'Sofija’, and then
'Heimanns Konservenweichsel. It was found that the content of benzaldehyde was
significantly higher in 2017 than in 2016 in all monovarietal sour cherry spirits. Based on the
results of sensory analysis, all obtained sour cherry spirits can be classified in the category of
excellent quality products, since they have an average score above 18.01. It is interesting that
the subtle differences in sensory evaluations are related to the stone weight (correlation
coefficient r = 0.85), i.e. sour cherry spirits obtained from fruits with larger stones were
evaluated slightly better. According to Nikicevi¢ et al. (2011), a higher content of
benzaldehyde, along with some other ingredients (linalool), affects the higher sensory
evaluation of monovarietal sour cherry spirits.

Table 3. Chemical composition (mg/L a.a.) and sensory assesment (points) of sour cherry
spirits

Cultivars
Characteristics Heimanns Sumadinka Sofija

Konservenweichsel

2016 2017 2016 2017 2016 2017
Methanol 3480 4170 4730 6330 3410 4080
Acetaldehyde 70 116 70 148 45 225
Ethyl acetate 584 836 500 638 556 1339
1-Propanol (1-P) 1385 1836 1590 2073 1227 1794
2-Methyl-1-propanol (1B) 1250 975 1297 1490 967 1033
1-Butanol 12 9 6 6 11 5
2/3-Methyl-1-butanol (1A) | 2801 2280 2172 2372 2323 2071
1-Hexanol 13 17 7 17 6 8
Total higher alcohols 5461 5117 5072 5958 4534 4911
Benzaldehyde 16.2 27.3 61.5 86.2 25.7 66.5
IA/IB ratio 2.24 2.34 1.67 1.59 2.40 2.00
IB/1-P ratio 0.90 0.53 0.81 0.72 0.79 0.58
IA/1-P ratio 2.02 1.24 1.37 1.14 1.89 1.15
Sensory assesment 18.16 18.21 18.25 18.34 18.19 18.19

Conclusion

The large-fruited sour cherry varieties ('Sumadinka' and 'Sofija'), bred at the Fruit Research
Institute in Cadak, are an interesting raw material for the production of sour cherry spirit.
From both varieties, spirit of excellent sensory quality can be obtained. However, it should be
taken into account that, considering the characteristics of the fruits, the processing of the
variety 'Sumadinka' can yield up to 36% less distillate than the processing of the variety
‘Sofija’.
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Abstract

The quality of wheat seed protein is determined by encoding gene alleles, but percentage
content varies dependin from genotypes, environmental factors and interaction genotype/
environmental conditions. The aim of this work is analysis of seed protein content,
sedimentation volume and their relationship with gliadin and high molecular weight glutenin
subunits in bread wheat. The 10 wheat genotypes included in experimental field study in two
vegetation seasons (2015/16 and 2016/17) with different climatic conditions. The results
showed that seed protein content and sedimentation volume, varied in wheat genotypes within
and between vegetation season. The highest seed protein content in both vegetation season
was found in the genotype G-3617-1 (14.00% and 14.80%) and the least in genotype G-
3634-2 (11.40% and 12.00%). The value of protein sedimentation volume in both vegetation
season was the highest in genotype G-3622-1 (52.00 ml and 56.00 ml), while the least in
genotype G-3601-4 (33.00 ml and 36.00 ml). Genotypes were grouped according to the
presence of the same allele at all six loci for gliadins and three loci for high-molecular-weight
glutenins, and found that with high value of seed protein content associate Gli-B1b, Gli-D2b,
and Glu-Alb, Glu-Blc, Glu-D1d, allele, and that with high value of sedimentation protein
volume associated Gli-B1b, Gli-B2b and Glu-Alb, Glu-Blc, Glu-D1d allele.

Key words: wheat, seed protein, protein sedimentation volume, allele, quality.
Introduction

Wheat seed protein content is an indicator of quality desirable for milling and baking industry.
Seed protein contetn is genetic trait which value greatly varies under influence of
environmental factor (Zecevi¢ et al.,, 2013; Knezevic et al. 2016a; Persi¢ et al., 2023).
Variation of wheat seed protein content depens from genotype, environmental growing
condition, regime of nutrition by applied fertilizers, precipitation, temperature, as well as
interaction of genotypes and environments (Djoki¢ et al., 1998; Wiirschum et al., 2016; Toth
et al., 2019). Seed protein content in average in bread wheat genotypes varied in ratio form
10% to15% (Shewry, 2007). In modern wheat varieties is achieved increasing of seed protein
content through increased nitrogen remobilization encoded by introgressed gene Gpc-Bl
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locus at 6BS chromosome (Singh et al., 2018; Orlovskaya et al., 2022). Content of seed
protein in wheat related with gluten content and both of them is indicate economic value of
produced seed in trade market. Nitrogen ferzilization (amount and timing) influence to
increase protein content (Annavarapu et al. 2021) and also, influence to proportion content of
gliadin and glutenins (Békés, 2012). Gliadins are encoded by gene alleles at Gli-1 and Gli-2
loci on the short arms of 1. and 6. homologous chromosomes of A, B and D genome (Sozinov
and Poperelya, 1980) while high molecular weight glutenins encoded by gene alleles at Glu-1
loci on the long arm of 1. homologous chromosomes of A, B and D genome. The presence of
some allele or combination of alleles encoding gliadin and glutenins associate with gluten
quality, sedimentation volume, dough and loaf traits (Payne et al.,1987; Dimitrijevi¢ et al.,
1998; Djukic¢ et al., 2007; 2008; Knezevic et al., 2017; 2018). The gluten protein composition,
protein content and sedimentation volume and their encoding gene alleles are useful markers
for breeding proces (This et al., 2001; Djuki¢ and KneZevi¢, 2013). Sedimentation of protein
indicate gluten quality on the base ability of swell and settle of protein molecules in acidic
medium (Lookhart et al., 2001). Sedimentaton protein volume change, in dependance of time
and storage conditions moisture and temperature and that that elevated storage temperature
accelerated protein sedimentation (Yun et al., 2021).

The aim of this work was study variability of technological quality properties of wheat
genotypes grown on the base of variation (i) protein content, (ii) sedimentation protein
volume, (iii) identification of relationship between protein content and sedimentation protein
volume studied traits with encoding alleles for gliadin and glutenins.

Material and methods

The 10 genetically divergent wheat genotypes (G-3623-1, G-3644-4, G-3619-3, G-3601-4, G-
3636-2, G-3622-1, G-3617-1, G-3611-2, G-3634-2, G-3637-1) were included for analysis,
protein content, sedimentation protein volume and their relationship with encoding gliadin
and glutenins gene alleles. Protein content was computed on the base of obtained values of the
nitrogen content determined by micro Kjeldahl method.(ICCC standard method 105/2). The
established nitrogen content was multiplied by using 5.7 as the conversion factor for
expression value of protein content as percentage of dry weight (d.w.). The analysis of
sedimentation protein volume conducted by Zeleny method according ICC No. 116/1 (1972).
This method based on the principle that the degree of sedimentation of the gluten fraction of a
flour suspended in a lactic acid solution during a standard time interval which indicate baking
quality. The slower sedimentation and higher sedimentation volume indicate better gluten
quality.

For this ten genotypes were identified alleles at three Gli-1 loci, three Gli-2 loci and at three
Glu-1 loci, in previous study (Knezevi¢ et al., 2022). Gliadin proteins separated by using
acid PAG electrophoresis method developed by Novoselskaya et al. (1983), and for
determination of gliadin blocks alleles at Gli-1 and Gli-2 loci used method developed by
Metakovsky (1991). The high molecular weight glutenins separated by sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) Laemmli, (1970) and determining
HMW-GS and identification of Glu-1 alleles conducted by method Payne and Lawrence
(1983). On the base determined of gliadin and glutenin compositin, were analyzed association
each alleles with value of protein content, sedimentation volume in wheat genotypes.

Weather conditions in the vegetation period

The analysis of weather condition showed that average temperature and amoun of precipitation in
first vegetation season (9.96 °C, 651.0 mm) was higherthan in second vegetation season (8.74
°C, 523.1 mm). In both vegtation season (2015/16 and 2016/17) the amoun of precipitation
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was higher (651.0 mm and 523.1 mm) than in long term period (2000-2010) average amount
of precipitation (417.8 mm), while average temperature was higher only in first vegetation
season (9.96 °C) than in logn term period (8.50 °C. According to data, in first 2015/16 (8.8 °C
and 14.1 °C) temperature in February and April was significantly higher than in second
vegetation season 2016/17 (5.2 °C and 11.1 °C) and than in long term period (2.6 °C and 11.1
°C). However in second vegetation season temperature in March 2016/17 (10.8 °C) was
significantly higher than in first vegetation season 2015/16 (7.8 °C) and in long term period
(5.9 °C). The average temperature in other mounth suding both vegetation season seasons
were similar (table 1).

Table 1. Average monthly temperatures and total monthly precipitation in Kraljevo

Parameter Period Oct |Nov |Dec |Jan |[Feb |March |[April [May |June [Xm |Total

Temperature °C 2015/16 116 |73 |33 |-0,1 |88 |78 14,1 1155 |21,3 |9,96 (89,64

TemperatureOC 2016/17 106 (6,8 |00 |-4,7 |52 |10,8 11,1 (16,8 (22,1 |8,74 |78,66

Temperature °C 2000-2010 (11,8 |64 (1,7 |-01 |26 |59 116 |16,4 |20,4 |85 76,5

Precipitation (mm) |2015/16 56,8 |64,0(9,0 (86,2 (52,7 |157,9 (39,9 |135,9 |48,6 |72,3 |651,0

Precipitation (mm) |2016/17 84,1 (77,6(9,4 |22,0 |350 (57,0 82,0 (100,0 |56,0 (41,1 [523,1

Precipitation (mm) |2000-2010 |61,0 |44,3 44,6 |30,0 |29,9 (33,2 |52,9 [52,6 (69,3 (46,4 |417,8

(*source: Republic Hydrometeorological service of Serbia )
Results and discussion

In this study found differences among genotypes within and between first and second
vegetation season. The average value of seed protein content varied from the least 11.7% in
genotypes G-3634-2 (in first vegetation season 11.4% and in second vegetation season
12.0%) and the highest 14.4% in genotypes G-3617-1 (in first vegetation season 14.0% and
in second vegetation season 14.8%). The seed protein content in all ten wheat genotypes in
second vegetation season was greater than in first vegetation season. The difference in protein
content of genotypes between growing seasons was in the range of 0.6% to 1.0%. On average
for all genotypes, the value of protein content was in first vegetation season 12.62% and in
second vegetation season 13.5% what indicate that protein content was higher in second
vegetation season for 0.6% than in first vegetation season (table 2).

Similar variation between vegetation season (12.4% and 12.8%) in study different wheat
genotypes, reported Khan et al. (2013). In study of 50 varieties Zecevic et al. (2001) found
differences of protein content which varied from 13.6% to 18.2% in first year, and from
13.9% to 18.1% in second year, depends of variety . Considering that protein content is in
negatively correlation with grain yield it means that breeders effort for increasing yield in new
creating variety, could resulted on reduction in quality (Knezevic et al., 2016b).

The average value of sedimentation volume varied from the least 34.5 ml in genotypes G-
3601-4 (in first vegetation season 33.0 ml and in second vegetation season 36. ml) and the
highest 54. ml in genotypes G-3622-1 (in first vegetation season 52. ml and in second
vegetation season 56.0%). The sedimentation protein volume was different between in
analyzed genotypes and between two vegetation seasons, and in in all 10 genotypes
sedimentation volume in second vegetation season was higher than in first vegetation season.
The difference in sedimentation volume of genotypes between growing seasons was in the
range of 2.0 ml (G-3634-2) to 6.0 ml (G-3636-2). On average for all 10 genotypes, the value
of sedimentation protein volume was 42.3 ml in the first vegetation season, and 46.0 ml in the
second vegetation season, what indicate that sedimentation volume was higher in second
vegetation season for 3.7 ml than in first vegetation season (table 2).
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Table 2. Variation of seed protein content (%) and sedimentation volume (ml) in wheat
genotypes grown in two vegetation season (2015/16 and 2016/17)

Trait Year G-3623-1 |G-3644-4 |G-3619-3 |G-3601-4 |G-3636-2 |G-3622-1 |G-3617-1 |G-3611-2 |G-3634-2 |G-3637-1 |Average

Protein  [2015/16 [12.60 [12.80 [12.00 |11.60 |13.20 13.60 |14.00 |12.40 |11.40 [12.60 [12.62

content  [2016/17 {13.20 [13.60 [12.80 [12.60 [14.20 1440 |14.80 |13.20 |12.00 [13.40 |13.50

(%) Average [13.40 [13.20 [12.40 [12.10 [13.70 1400 |[14.40 [12.80 [11.70 [12.00 [13.06

Sedimentati |2015/16 |44.0 42.0 36.0 33.0 46.0 52.0 50.0 42.0 38.0 40.0 423

on volume|2016/17 [48.0 46.0 40.0 36.0 52.0 56.0 52.0 46.0 40.0 44.0 46.0

(mi) Average 460 440|380  |345  |490  |540 |50  |440  |39.0  |420 |4415

Chroms./ ABDIABDABDHABDIABDIABUDABDIABDI|ABDI|ABD|ABD
Locus Gli-1 b. I.a |f. b.b. |h.d b.jm. I b.ja. b. a |b/c b.b.[b. g. a|f . k |b g.ab|mk kb b b
Gli-2 f. b.b.le. 0.j. |b.a k.|bfj.eb |k b a |a. v.b.le. b.m.|b. p. b.|b.o.m/b|g. b. j.|b. b. b.
Glu-1 |b. c.d.|b. c.afc. i.afc. d.a. |b. c.d. |b. c.d.|b. c.d.|b. u.afc. d.a. |a. c.a. |b. c.a.

Similar variation between vegetation season (55.0 ml and 52.0 ml) in study different wheat
genotypes, reported Khan et al. (2013). In ealier study of 10 Serbian wheat varieties
sedimetation volume varied from 33.0 ml and 64.0 ml, depend of genotype and year of study
wheareas the average sedimentation volume for all 10 varieties in four year was 45.6 ml, 45.8
ml, 50.4 ml and 42.2 ml (ZeCevi¢ et al., 2007). The sedimentation volume for seven
genotypes had value on level of the first quality class or at the level of enhancing class, and
three genotypes G-3619-3, G-3601-4 and G-3634-2 had sedimentation volume on the level of
second quality class.

In this study are grouped genotypes according to presence of same allele at each Gli-1, Gli-2
and Glu-1 locus and computed average values for protein content and for sedimentation
protein volume. Group of genotypes with high values of seed protein content carried the same
allele (oftenly the most frequent) what indicate in both vegetation season their positive
relationship  Gli-Alb (12.9%; 13.80%), Gli-Blb (13.2%; 14.06%), Gli-Dla (12.80%;
13.75%), Gli-A2e (13.40%; 14.20%), Gli-B2b (13.10%; 14.10%), Gli-D2b (12.55%; 13.55%),
Glu-Alb (13.10%; 14.03%), Glu-Blc (13.13%; 14.06%) , Glu-D1d (13.35%; 14.35%) table 3.
Group of genotypes with high value of sedimentation the same allele (oftenly the most
frequent) what indicate in both vegetation season their positive relationship Gli-Alb (46.0 ml;
49.0 ml), Gli-B1b (46.66 ml; 51.33 ml), Gli-D1a (44.50 ml; 48.0 ml), Gli-A2e(46.00 ml; 49.0
ml), Gli-B2b (45.0 ml; 49.0 ml), Gli-D2b (42.75 ml; 46.50 ml), Glu-Alb (46.0 ml; 50.0 ml),
Glu-Blc (45.66 ml; 49.66 ml) , Glu-D1d (48.0 ml; 52.0 ml) table 3.

From this combination of nine alleles, located at the three Gli-1, three Gli-2 and three Glu-1
loci, which associated with high protein content in one genotype (G-3623-2) present
combination of seven allele, in three genotypes (G-3636-2; 3622-1; G-3617-1;) present
combination of diferent six alleles in one genotype (G-3644-4) present combination of four
alleles, in three gentypes (G-3611-2; G-3634-2; G-3637-1) present different combination of
two alleles, in one genotype (G-3601-4) present one allele. However in G-3619-3 there are
none of the nine alleles associated with protein content (table 2 and 3).
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Table 3. Alleles at Gli-1, Gli-2 and Glu-1 associated with high value of protein content (%)
and sedimentation volume (ml) in wheat genotypes

Locus Gli-A1 |Gli-B1 |Gli-D1 |Gli-A2 |Gli-B2  |Gli-D2  |Glu-A1 |Glu-B1 |Glu-D1

Alleles assoc., with high|p b a e b b b c d
gluten content

Group of genotypes|G-3623-1|G-3644-4 |G-3623-1|G-3644-4 |G-3623-1 |G-3623-1 |G-3623-1|G-3623-1 |G-3623-1

which carry the same|G-3622-1 |G-3636-2 |G-3636-2 |G-3617-1 |G-3636-2 |G-3601-4 |G-3644-4 |G-3644-4 |G-3636-2

allele at Gli-1, Gli-2/G-3617-1 [G-3622-1 |G-3617-1 G-3617-1 |G-3622-1 |G-3636-2 |G-3636-2 |G-3622-1

and Glu-1 associated (G_3634-2 G-3634-2 G-3637-1 |G-3611-2 |G-3622-1 |G-3622-1 | G-3617-1

with the high value of G-3617-11G-3617-1

protein content G3611-2 | G-3637-1

Vegetation season The highest average value of protein content (%) in genotypes which carry same allele at Gli-1, Gli-2 and Glu-1loci

2015/16 12.90 13.20 12.80 13.40 13.10 12.55 13.10 13.13 13.35

2016/17 13.80 14.06 13.75 14.20 14.10 13.55 14.03 14.06 14.35

Average 13.35 13.63 13.275 |13.80 13.60 13.05 13.565 |13.595 |13.85

Vegetation season The highest average value of sedimentation volume (ml) in genotypes which carry same allele at Gli-1,
Gli-2 and Glu-1loci

2015/16 46.00 46.66 44.50 46.00 45.00 42.75 46.00 45.66 48.00

2016/17 49.00 51.33 48.00 49.00 49.00 46.50 50.00 49.66 52.00

Average 47.50 48.995 (46.25 47.50 47.00 44,625 48.00 47.66 50.00

From the combination of nine alleles, located at the three Gli-1, three Gli-2 and three Glu-1
loci, which associated with high sedimentation volume of protein in two genotype (G-3623-2;
G-3617-1) present different combination of seven allele, in two genotypes (G-3636-2; 3622-
1) present different combination of six alleles, in one genotype (G-3644-4) present
combination of four alleles, in three gentypes (G-3611-2; G-3634-2; G-3637-1) present
different combination of two alleles, in one genotype (G-3601-4) present one allele. However
in G-3619-3 there are none of the nine alleles associated with high sedimentation volume
(table 2 and 3).

This combination of nine alleles was not found in the analyzed genotypes. The highest value
of sedimentation protein volume (52 ml and 56 ml) had genotype G-3622-1 which had possess
six allele combination (Gli-Alb, Gli-Blb, Gli-D2b, Glu-Alb, Glu-Blc, Glu-D1d), while
genotype G-3636-2 had less but high sedimentation volume possess different combination of
six allele (Gli-B1b, Gli-D1a, Gli-B2b, Glu-Alb, Glu-Blc, Glu-D1d). On the other side, in
two genotypes which had combination of seven alleles found lesser value of sedimentation
volume G-3617-1 (50.0 ml and 52.0 ml) and G-3623-1 (44.0 ml and 48.0 ml). Genotypes G-
3601-4 which had the lowest sedimentation volume (33 ml and 36 ml) possess only one
alleles from nine alleles (Gli-D2b) which associated with high value of sedimentation protein
volume.

In this study found that genotypes which carried Glu-Blc allele have high sedimentation
volumes, what is in agrement with investigation (Gao et al., 2016) which found that the
highest frequency of Glu-Bl1c and its corellation with high sedimentation value.

Based on this result, it is not possible to determine the reliable regularity of the association
between protein content and alleles encoding gliadin and glutenin proteins, as well as between
sedimentation volume and Gli- and Glu-1 alleles, although the grouped genotypes were
carriers of alleles with the calculated average value of protein content and sedimentation
volume. The differences between genotypes which had the same number of alleles associated
with high protein content and high sedimentation volume can be results of differeces of
combination of alleles encoding gliadin and high molecular weight glutenin as well as effect
alleles at Glu-3 loci which was not analzed in this investigation.
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Conclusion

On the base of results established differences in wheat genotypes for protein content and
sedimentation protein volume, within each vegetation season and between vegetation season.
The highest grain protein content in G-36217-1 (14.00% and 14.80%) and the highest protein
sedimentation volume in G-3622-1 (52.0 ml and 56.0 ml) in both vegetation season.
Genotypes which carried allele b. at Gli-B2, b. at Glu-Al (encoded 2*), allele c. at Glu-B1
(encoded 7+9) and d. at Glu-D1 (encoded 5+10 subunit) had the high value of protein content
(G-3617-1—-14.10% and 14.40%; G-3636-2, 13.20% and 14.20%). Genotypes which carried
allele b. at Gli-Al, b. at Gli-B, b at Gli-D1, b. at Glu-Al (encoded 2*), allele c. at Glu-B1
(encoded 7+9) and d. at Glu-D1 (encoded 5+10 subunit) had the high values of sedimentation
volume G-3622-1 (52.0 ml and 56.0 ml), G-3617-1 (50.0 ml and 52.0 ml). Genotype b. at Gli-
B2, c. at Glu-Al (none subunits), allele d. at Glu-B1 (encoded 6+8) and a. at Glu-D1 (encoded
2+12 subunit) had the least protein content (G-3617-1—11.40% and 12.00%; G-3601-4 -
11.60% and 12.60%) and the least sedimentation volume (G-3601-4 —33.00 ml and 36.00 ml;
G-3634-2—38.00 ml and 40.00 ml).
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Abstract

Phenological characteristics, yield and fruit quality of 12 peach cultivars of early and
medium-early season were evaluated during the three-year period (2020-2022) in Belgrade
region, Serbia. The training system in the experimental orchard is Sloping Leader, a new
original system with a high planting density (3.5 X 1 m). The cultivar ‘Redhaven’ was used as
a control for comparison. Compared to the control cultivar, the average date of the start of
flowering ranged from 5 days earlier (‘Goldcrest’, ‘Springbelle’, and ‘Rich Lady’) to 3 days
later (‘Maria Cristina’). The average harvest date was between June 8 (‘Goldcrest’) and July
31 (‘Maria Marta’). The lowest average yield per tree (2.2 kg) was obtained from the cultivar
‘Goldcrest’, and the highest (10.3 kg) from the control cultivar ‘Redhaven’. Compared to the
control cultivar, a significantly lower yield was observed in 4 cultivars (‘Goldcrest’, ‘Maria
Cristina’, ‘Maria Grazia’, and ‘Flavorcrest’). Mean fruit weight was highest in the control
cultivar ‘Redhaven’ (180.5 g), and was statistically significantly lower in 6 cultivars. Soluble
solids content ranged from 10.0% (‘Goldcrest’) to 17.1% (‘Maja’), and total acidity ranged
from 0.44% (‘Rich Lady’) to 0.90% (‘Royal Gem’). The highest scores for fruit appearance
were obtained by the cultivars ‘Flavorcrest’, ‘Rich Lady’, ‘Royal Gem’ and ‘Royal Glory’,
and for taste by the cultivars ‘Royal Gem’, ‘Flavorcrest’ and ‘Maria Marta’. Based on the
obtained results, besides the control cultivar ‘Redhaven’, the cultivars ‘Royal Gem’, ‘Royal
Glory’, ‘Rich Lady’ (yellow-fleshed), and ‘Maria Bianca’ (white-fleshed) can be
recommended for cultivation in the Belgrade region.

Keywords: Prunus persica, Flowering, Maturation, Yield, Fruit quality.
Introduction

Peach [Prunus persica (L.) Batsch] is one of the most important fruit species of temperate
zone, ranking second in total fruit production in the world, after apple. In Serbia, peach ranks
fifth after plum, apple, sour cherry and raspberry, with a production of about 70.000 t. The
most important peach growing area is the Danube Valley (Grocka, Smederevo), where about
50% of the total peach production is produced (Milatovi¢, 2023).

Peach breeding is one of the most dynamic among fruit tree species. About 100 new peach
and nectarine cultivars are bred annually worldwide (Byrne, 2002). The main objectives of
breeding are adaptability to different climatic conditions, extension of fruit maturation time,
productivity, fruit quality, and resistance to diseases and pests.

Information on the adaptability and stability of new cultivars in different environments is
crucial for increasing fruit production (Matias et al., 2017; Nikoli¢ et al., 2022). One of the
most important environmental factors is low temperatures, especially in spring. If peach
flower buds, flowers, or fruitlets are damaged by low temperatures, production can be
significantly reduced (Ognjanov, 2005; Zec et al., 2012). In addition to site selection, it is also
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important to choose less susceptible cultivars when establishing new peach orchards (Chaar,
2015; Chen et al., 2016).

High density planting (HDP) of peaches is becoming increasingly popular as it allows better
precocity and higher yields per hectare (Loreti and Massai, 2002; Robinson et al., 2006). A
new HDP training system - Sloping Leader has been developed in Serbia. It is characterized
by a central leader bent at an angle of 65°. In the first three years of cropping it produced
significantly higher yields and yield efficiency compared to Open Vase and Fusetto (Zec et
al., 2014). However, some peach and nectarine cultivars are not suitable for this system, as it
leads to a reduction in fruit size (Zec et al., 2016).

The aim of this work was to study the phenological characteristics, vigor, yield and fruit
quality of 12 early and mid-early season peach cultivars in a high-density planting. Based on
the obtained results, the best cultivars will be recommended for the Belgrade region as well as
for other regions with similar ecological conditions.

Material and Methods

The research was carried out in the peach collection orchard on the experimental farm
"Radmilovac” of the Faculty of Agriculture in Belgrade (Serbia) in the three-year period
(2020-2022). The training system is Sloping Leader, a new high density system (2,800 trees
ha) characterized by a central leader bent at an angle of 65° (Zec et al., 2013). The
rootstocks (vineyard peach seedlings) were planted at 3.5 m x 1 m spacing in the orchard in
June 2010. The seedlings were budded in September 2010 at a height of 50 cm. Twelve early
and mid-early season peach cultivars were tested. The cultivar ‘Redhaven’, was used as a
control. Each cultivar was represented by seven trees. Standard cultural practices were used in
the orchard, without irrigation.

The beginning of flowering was recorded when 10% of the flowers were open, full flowering
when 80% of the flowers were open, and the end of flowering when 90% of the petals had
fallen off (Wertheim, 1996). The dates of the beginning of harvest were taken as the time of
maturity. A sample of 25 fruits from each cultivar was used to determine fruit characteristics.
Fruit shape index was calculated using the following formula: length? / (width x thickness).
Soluble solids were determined using a table refractometer (Pocket PAL-1, Atago, Japan).
Total acids were determined by titration with NaOH and expressed as malic acid. The five-
member panel evaluated the sensory characteristics of the fruits: appearance and taste,
assigning scores from 1 to 5.

The data obtained were statistically analysed using the analysis of variance method
(ANOVA). The significance of the differences between the means was determined using the
Duncan multiple range test at a probability level of 0.05.

Results and Discussion

On average, the peach cultivars studied flowered from March 21 to April 10 (Table 1). The
cultivars ‘Goldcrest’, ‘Springbelle’, and ‘Rich Lady’, flowered earliest, for 5 days earlier than
the control cultivar (‘Redhaven’). In contrast, the cultivar ‘Maria Cristina’ started flowering
the latest (3 days after the control cultivar). By year, flowering was earliest in 2021, when the
average date of flowering start for all cultivars was March 21, while the latest flowering was
in 2022, when the average date of flowering start was March 27. The average flowering
duration for all cultivars was 14.8 days and varied from 12.3 days (‘Maria Cristina’) to 16.0
days (‘Flavorcrest’, and ‘Maja’). The abundance of flowering was good in all cultivars
(average scores of 4 to 5 on a scale of 0-5), except for two cultivars: ‘Maria Cristina’ and
‘Goldcrest’.
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Table 1. Phenological characteristics of peach cultivars (average, 2020-2022).

_ Flowering dates Duratio_n Abundan_ce Harvest No. of days

Cultivar of flowering of flowering date compared to
Start Full End (days)  (scale 0-5) Redhaven

Goldcrest 21 March 26 March 5 April 14.7 3.3 8 June -44
Springbelle 21 March 27 March 6 April 15.7 5.0 29 June -24
Maria Cristina 29 March 3 April 10 April 12.3 3.1 2 July -20
Royal Gem 22 March 27 March 5 April 14.3 4.0 6 July -16
Royal Glory 23 March 28 March 6 April 14.3 4.0 13 July -9
Maria Grazia 26 March 31 March 7 April 12.7 4.0 17 July -5
Rich Lady 21 March 27 March 6 April 15.7 4.7 20 July -2
Redhaven 26 March 30 March 8 April 13.0 5.0 22 July 0
Flavorcrest 22 March 27 March 7 April 16.0 4.2 23 July +1
Maria Bianca 27 March 32 March 10 April 14.0 5.0 29 July +7
Maja 23 March 30 March 8 April 16.0 4.8 30 July +8
Maria Marta 25 March 30 March 10 April 15.7 5.0 31 July +9

The average harvest date ranged from June 8 (‘Goldcrest’) to July 31 (‘Maria Marta’). The
range of harvest date was from 44 days before to 9 days after the cultivar ‘Redhaven’. The
average difference between the year with the earliest (2020) and latest (2021) harvest dates
was 6 days and varied among cultivars from 2 days (‘Goldcrest’) to 15 days (‘Maria Grazia’).
Flowering and fruit maturation of certain peach cultivars in the Belgrade area were several
days later then for the same cultivars under the conditions of Podgorica, Montenegro
(Odalovi¢, 2003). In contrast, flowering was earlier than under the conditions of Cadak,
western Serbia (Glisi¢ et al., 2008). These differences are the result of the different climatic
characteristics of the sites.

The average yield per tree was lowest in the cultivar ‘Goldcrest’ (2.2 kg), and highest in the
standard cultivar ‘Redhaven’ (10.3 kg) (Table 2). Compared to the control (‘Redhaven’), a
statistically significant lower yield was observed in 4 cultivars (‘Goldcrest’, ‘Maria Cristina’,
‘Maria Grazia’, and ‘Flavorcrest’).

Table 2. Yield (kg per tree) of peach cultivars.

Cultivar 2020 2021 2022 Average
Goldcrest 2.3 1.6 2.7 2.2d
Springbelle 6.5 9.4 5.6 7.2 abc
Maria Cristina 5.0 3.9 3.7 4.2 cd
Royal Gem 4.8 9.6 6.9 7.1 abc
Royal Glory 6.7 8.4 7.4 7.5 abc
Maria Grazia 5.5 25 6.9 5.0 bcd
Rich Lady 51 9.0 7.1 7.1 abc
Redhaven 13.4 3.2 14.2 10.3a
Flavorcrest 6.8 3.9 7.0 5.9 bc
Maria Bianca 8.7 5.7 8.8 7.7ab
Maja 10.7 6.4 7.8 8.3ab
Maria Marta 7.6 55 10.5 7.9ab

Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05.
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The average yield of all cultivars during the trial was 20 t ha™. In one trial conducted in a
peach orchard with high density planting, yields of more than 30 t ha™ were obtained under
optimal growing conditions (Zec et al., 2014). The reason for the lower yield of some
cultivars was late spring frosts, which occurred in two experimental years (2020 and 2021),
and significantly reduced the yield, especially for the early-flowering cultivars.

Average fruit weight ranged from 80.6 g for the cultivar ‘Goldcrest’ to 180.5 g for the
standard cultivar ‘Redhaven’ (Table 3). Compared to the control, fruit weight was statistically
significantly lower in six cultivars.

Table 3. Fruit characteristics of peach cultivars (average, 2020—2022).

_ Fruit Stone  Stone Fruit dimensions (mm) Shape
Cultivar weight weight  share . - ind
(@) Q) (%) Length  Width  Thickness Md€X
Goldcrest 80.6 e 6.9e 8.6 47.4d 53.0c 51.0c 0.83
Springbelle 135.7d 8.6d 6.3 b544c 64.7ab 62.3ab 0.73
Maria Cristina 155.8 bcd 11.2ab 7.2 605abc 66.4ab 655ab 0.84
Royal Gem 145.4 cd 94cd 6.5 59.6abc 658ab 64.1ab 0.84
Royal Glory 1445 cd 8.6 d 6.0 609abc 649ab 63.3ab 0.90
Maria Grazia 140.3d 8.9cd 6.3 609abc 62.8b 61.7b 0.96
Rich Lady 164.7 abc 8.9 cd 54 62.8ab 68.0ab 68.4ab 0.85
Redhaven 180.5a 11.3 ab 6.3 649a 709a 69.1a 0.85
Flavorcrest 161.0 abc 9.6c¢c 6.0 ©59.7abc 64.0ab 62.7ab 0.89
Maria Bianca 162.7 abc 9.8 bc 6.0 57.7bc 65.4ab 63.7ab 0.80
Maja 172.2 ab 115a 6.7 63.2ab 67.2ab 66.9ab 0.89

Maria Marta 168.3 ab 10.2 abc 6.1 628ab 68.2ab 67.2ab 0.86

Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05.

Stone weight ranged from 6.9 g to 11.5 g, and the percentage of stone in fruit weight ranged
from 5.4% to 8.6%. Cultivars with larger fruit had relatively smaller stone, i.e. higher flesh
percentage, which is consistent with previous research (Milatovi¢, 2023). There were also
significant differences in fruit dimensions among the studied cultivars. Fruit length ranged
from 47.4 to 64.9 mm, width from 53.0 to 70.9 mm, and thickness from 51.0 to 69.1 mm. The
dimensions were used to calculate the fruit shape index, whose values ranged from 0.73
(‘Springbelle’) to 0.96 (‘Maria Grazia’).

The results obtained in this study for fruit traits are consistent with previously published
results for some cultivars (Aliman et al., 2020; Nikoli¢ et al., 2022). The values obtained for
fruit size for some cultivars were higher than those reported by Ikinci and Bolat (2018). In
contrast, fruit weight for three white-flashed peach cultivars (‘Maria Cristina’, ‘Maria Grazia’,
and ‘Maria Bianca’ was lower than in the study by Nenadovi¢-Mratini¢ et al. (2000). These
differences can be explained by the use of Open Vase training system in this study, which
provides a higher planting distance compared to the HDP system.

Soluble solids content (SSC) ranged from 10.0% for the cultivar ‘Goldcrest’ to 17.1% for the
cultivar ‘Maja’ (Table 4). The minimum quality for peaches is an SSC value greater than 10%
(Crisosto and Crisosto, 2005). All tested cultivars met this requirement.

Total acidity (TA) ranged from 0.44% for the cultivar ‘Rich Lady’ to 0.90% for the cultivar
‘Royal Gem’. The SSC/TA ratio (ripening index) is of great importance for consumer
acceptance (Crisosto and Crisosto, 2005). The highest SSC/TA ratio (above 30) was found in
‘Rich Lady’ and ‘Royal Glory’, which are low-acid cultivars. On the other hand, the cultivars
‘Goldcrest’ and ‘Royal Gem’ had the lowest ripening index (15.6 and 16.0 respectively).
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Table 4. Indices of fruit quality of peach cultivars (average, 2020—2022).

Soluble solids ~ Total acids ~ Sol. solids/  Sensory evaluation (1-5)

Cultivar (%) (%) Total acids Appearance Taste
Goldcrest 10.0d 0.64 bc 15.6 3.2¢C 3.0c
Springbelle 12.5 cd 0.67 bc 18.8 4.3 ab 4.1ab
Maria Cristina 13.2 bc 0.60 bcd 22.0 3.8 bc 40D
Royal Gem 14.5 abc 0.90 a 16.0 45a 4.7a
Royal Glory 15.1ab 0.48 cd 31.4 45a 40b
Maria Grazia 13.4 bc 0.63 bcd 21.3 3.8 bc 4.2 ab
Rich Lady 14.1 bc 0.44d 32.0 4.6 a 4.1ab
Redhaven 14.8 abc 0.75ab 19.7 4.3 ab 4.4 ab
Flavorcrest 15.4 ab 0.71ab 21.6 4.6a 45ab
Maria Bianca 14.5 abc 0.64 bc 22.8 4.2 ab 4.4 ab
Maja 17.1a 0.57 bcd 29.9 4.2 ab 4.3 ab
Maria Marta 15.4 ab 0.56 bcd 27.4 4.0ab 4.5ab

Mean values followed by the same letter within a column do not differ significantly according to Duncan’s
multiple range test at P<0.05.

The data on fruit chemical composition are consistent with previous results for some cultivars
from Turkey (Ikinci and Bolat, 2018). Compared with the results of studies conducted in Italy
(Petruccelli et al., 2023), higher SSC, lower TA, and consequently higher ripening index were
obtained for some cultivars in our study.

In the sensory evaluation of the fruits, the cultivars ‘Flavorcrest’, ‘Rich Lady’, ‘Royal Gem’,
and ‘Royal Glory’ scored the highest fruit appearance and the cultivars ‘Royal Gem’,
‘Flavorcrest’ and ‘Maria Marta’ for the taste. The lowest scores for both fruit appearance and
taste were obtained by ‘Goldcrest’, the earliest maturing cultivar.

Conclusions

Based on the obtained results, besides the control cultivar ‘Redhaven’, the cultivars ‘Royal
Gem’, ‘Royal Glory’, ‘Rich Lady’ (yellow-fleshed) and ‘Maria Bianca’ (white-fleshed) can
be recommended for cultivation in the Belgrade region. For a final evaluation of the
suitability of peach cultivars for cultivation in high density planting, using Sloping Leader
system, further research is needed.
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Abstract

Cereals have always been the basis for human nutrition and livestock feed, but also the main
base of raw materials in the processing industry. Given that modern times are accompanied by
a constant increase in the number of inhabitants on our planet, the safety of food supply, the
quality and health safety of food products will be imposed as basic goals, the fulfillment of
which will represent the greatest challenge for humanity in the near future. Triticale, a wheat-
rye hybrid created as a result of man's work, is one of the representatives of the most
important group of field plants - cereals. Thanks to the properties it inherited from the parent
species, it is suitable for cultivation in conditions characterized by less favorable biotic and
abiotic factors. As a result of decades of work in the selection of triticale, both abroad and in
our country, a large number of varieties have been created that are characterized by early
maturity, increased tolerance to lodging and some diseases, but also a higher grain yield
compared to wheat. The cereal created in this way has properties that make it suitable for use
in human feeding, domestic animals nutrition, but also for industrial processing. The aim of
this paper is to point out the nutritional and economic advantages of triticale and its
importance as a multipurpose grain in current global conditions.

Key words: triticale, human food, livestock food, cereals.
Introduction

Triticale (x Triticosecalle Wittm.), a hybrid created by crossing wheat and rye, was created
with the idea of combining the positive traits of the parent species. Thus, productivity and
good grain quality inherited from wheat, combining them with modest requirements for
growing conditions and good disease resistance inherited from rye (Dennet et al., 2013; Blum,
2014; Randhawa et al., 2015; Ayalew et al. 2018). Until now, triticale was mostly grown as a
forage plant, a cover crop and as a plant intended for biogas production (Randhawa et al.,
2015), and modern triticale varieties can also serve as raw material for ethanol production
(McKenzie et al. 2014). Despite the fact that it contains gluten, triticale occupies an important
place in the production of healthy food because the grain of triticale is characterized by a
favorable amino acid composition and a well-balanced content of vitamins and minerals
(Glamoclija et al., 2018, Zhu, 2018). Thanks to its good adaptation to less favorable climate
and soil conditions, triticale grown on alkaline, acidic, waterlogged as well as soils poor in
nutrients achieves good grain quality in terms of protein and lysine content (Wrigley et al.,
2017; Ballesteros-Rodriguez et al., 2019; Bezabih et al., 2019).

In recent years, it has been noticed, especially in temperate climates, that winter crops are
often damaged by winter frost, which is contributed by the reduced depth or even the
complete absence of snow cover (Kreyling, 2010). In these areas, spring triticale is a good
alternative to fodder barley and oats, and compared to wheat and barley, it has shown superior
yields under drought conditions as well as on marginal lands (Dumbrava et al., 2016).
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According to Shewry and Hey (2015), wheat represents the main source of calories in the
human diet and plays the biggest role in agricultural-food chains because it is the cereal that
occupies the largest areas (FAOSTAT, 2021). However, considering the sensitivity of wheat
to water deficit and insufficient amount of nitrogen (Sadras et al. 2015), many farmers grow
triticale as a replacement for wheat precisely because of its high tolerance to abiotic stress
compared to wheat (Blum, 2014) and generally superior yields achieved in paired experiments
with the same amounts of water and nitrogen input (Estrada-Campuzano et al., 2012; Rokues
et al., 2017), thus making production safer and more economically stable.

The aim of this paper is to point out the nutritional and economic advantages of triticale and
its importance as a multipurpose grain in current global conditions.

Production of triticale under conditions of biotic and abiotic stress

Triticale is a cereal species with a high ecological plasticity that makes a better use of climatic
and soil conditions than other crops (Dumbrava et al., 2016). Thanks to the fact that triticale
requires an average of 500-600 mm of rainfall during the growing season, as well as the fact
that it shows good success in production with only 350 mm of seasonal rainfall and that it can
be grown in very different agro-ecological conditions up to 3000 m above sea level, it
sufficiently indicates on its importance as an agricultural crop. Unlike wheat, barley and oats,
triticale develops a stronger root system thanks to which it extracts more nutrients. Its easy
adaptability to soils of poorer quality (sandy, shallow, with very low or high pH value) and a
well-developed root system make the cultivation of this plant attractive on those lands where
the cultivation of other crops is uncertain (Gobeze et al., 2007), requiring lower inputs (Gruji¢
et al., 2010). Under such conditions, triticale gives 137% higher yields compared to common
wheat, 130% compared to durum wheat and 104% compared to barley (Benbelkacem, 2004).
From the point of view of food production, agricultural production has the greatest
importance. However, the reduction of agricultural land areas, their irrational use, the
instability of the volume of production of most types of products, as well as the
(un)profitability of production, are only some of the problems that agricultural production
faces today.

According to Pozubenkova and Galiullin (2019), the production of winter cereals is the basis
of cereal production. The production of a sufficient amount of winter cereals implies an
increase in the area under these cereals, an increase in their productivity with the introduction
of more advanced cultivation technologies as well as the introduction of new promising
varieties with stable productivity in different weather conditions, putting triticale in focus
precisely because of its resistance to low temperatures, biotic and abiotic stresses. while
achieving high yields. The above mentioned authors, examining the economic efficiency of
growing cereals in the Middle Volga region in the period 2015-2017, came to the conclusion
that it can be influenced by variety exchange and variety renewal. Accordingly, they propose
to introduce the winter triticale variety "Krokha" into production as a winter cereal due to its
high fertility, winter resistance, resistance to the complex of biotic and abiotic factors of the
environment and the possibility of using it in the nutrition of humans and domestic animals,
but also its use in the bakery industry with the aim of improving and enriching raw materials
with high-protein material and lysine.

The tolerance of triticale to drought and frost, the fact that under the same growing conditions
it achieves higher yields than wheat, and that it shows greater resistance to lodging compared
to wheat and barley are just some of its advantages compared to other cereals (Gobeze et al.
2007 ). Milovanovi¢ et al. (2011) pointed out based on their research that the grain yields
achieved by triticale in favorable growing conditions are close to those achieved by wheat,
while in unfavorable conditions they are higher, which declares the production of triticale as
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safer in the already mentioned conditions. Analyzing the results of experiments that were
carried out during two very extreme growing seasons (2002/03 and 2006/07) at seven
localities, Nozini¢ et al. (2009) concluded that the high yield of triticale at one of the localities
in very unfavorable conditions during the generative period of vegetation in 2003 is the result
of pronounced tolerance of triticale to high temperatures and drought. During the second
observed growing season (2006/07), the same authors established a high grain yield in three
locations with different altitudes (Banja Luka 150 m above sea level, Butmir 460 m above sea
level and Zivinice 230 m above sea level) despite the fact that all months during the growing
season were warmer than the long-term average. Saulescu et al. (2011) state that triticale and
rye had a higher albedo than the majority of wheat varieties examined, pointing out that high
albedo reduces the radiative energy load on the plant, including UV-B. Dumbrava et al.
(2014) point out that triticale is the cereal of the future both in conditions where soil
properties and climate conditions can be limiting factors and in conditions of intensive
technology.

Nutritional benefits of triticale and its purpose

Cereal grain is a good source of energy because it contains carbohydrates, proteins,
phospholipids, vitamins, minerals and other nutrients. Triticale is, primarily, a fodder cereal
with a high nutritional value of grains (Jaskiewicz and Szczepanek 2018). In addition,
research has shown that, to a large extent, cereal grains can reduce the risk of certain types of
cancer as well as heart disease (Song et al. 2018). Triticale, the grain of the future, as some
call it, can play an important role in the market and in the production of healthy food and the
creation of new grain products. Compared to wheat, triticale is characterized by a higher
protein content as well as a better amino acid composition because it contains more lysine
(Glamoclija et al., 2018), threonine, but also sulfur amino acids, while it is somewhat poorer
in tryptophan (Biel et al. 2020). Filipchev et al. (2005) in comparative research on triticale
(varieties Goranac and NS) and barley (varieties NS313 and ZA 37) grown in several
locations in Vojvodina and Central Serbia in the period from 2002-2004 determined that the
average protein content of triticale grains was 14 .0% dry matter, and winter barley 13.2% dry
matter. Given that it is mainly represented as livestock food in our country, its participation
in feed mixes varies depending on the type of animal and meal (Glamoclija et al.,
2018).These authors also state that the advantage of triticale compared to other cereals is that
it has a higher yield, faster spring growth, but also longer mowing time and use as green
fodder compared to rye and oats. The mentioned advantages of triticale make it one of the
suitable cereals for production in developing countries. Due to the high content of easily
digestible nutrients, triticale, grain and by-products obtained from its processing are suitable
for feeding domestic and farm animals. In addition, both ruminants and non-ruminants easily
digest and absorb protein from triticale with a higher utilization rate compared to other
cereals. Although triticale grain was primarily intended for feeding pigs, poultry, ruminants
and horses, it is also used for feeding birds, rodents, pets, and herbivorous fish in ponds. As a
supplementary feed, triticale is used in hunting grounds during the winter period. The content
and ratio of amino acids in the grain of triticale, from the aspect of nutritional needs, is
particularly suitable for monogastric animals and poultry, including birds, because the net use
of protein in the mentioned species of animals is higher than the same in wheat and other
cereals, precisely because of the high level of the amino acid lysine (Pfeiffer , 1994; Saade,
1995; Varughese et al. 1996). Markovi¢ et al. (2021) in their research comparing the utility
values of different types of cereals (triticale, barley, rye, sorghum and millet) for feeding carp
fish obtained particularly good results by using triticale, which, in addition to other properties,
is characterized by a high protein content. Using their own results and the results obtained
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from the analysis of reference sources, they ranked the use value of the grains used for this
purpose as follows: wheat - triticale - corn - barley - rye - sorghum - millet.

The data presented in Table 1. present the chemical composition of triticale and its energy
value in comparison with other cereals in Europe.

Table 1. Comparative chemical composition and energy value of triticale and other cereals in
Europe (Glamoclija et al.,2017)
Parameter Corn  Wheat Triticale Barley Oat Sorghum  Millet
Chemical composition
(g kg dry matter)

Total protein 106 130 140 116 120 120 128
Total oils 47 23 22 22 55 35 38
Celullose 24 27 27 27 112 29 95
Starch 700 680 620 640 440 700 590
Sugar 20 31 55 50 18 15 10
Mineral salts 15 18 20 22 33 20 43

The largest quantities of produced triticale are primarily intended for feeding animals. With a
higher protein content and a more favorable amino acid composition, triticale has found use in
the diet of pigs and poultry as a concentrated feed, but also in the diet of ruminants in the
form of hay or silage, where it should be noted that the yield of green mass can range from 20
to 60 t ha ' (Babi¢ et al. 2021). Milovanovi¢ et al. (2014) pointed out that the sugar content in
the green mass of triticale is higher compared to wheat, and the high production of green mass
ranks it among important forage crops, ahead of rye and oats. What affects the quality
increase is certainly the fact that the cell walls of triticale endosperm contain pentosans with
some B-glucan, as is the case with wheat and rye. Despite its limited use, primarily as animal
feed, triticale as flour can also be used in the bakery industry as a supplement to wheat flour
because it has a low gluten content (McGoverin et al. 2011). The starch content of triticale
grains is similar to that of wheat, and higher compared to rye (61, 60 and 54% approximate)
(USDA 2018), and this is what affects the digestibility and quality of bread. Considering the
high content of essential amino acids, it can be said that triticale is nutritionally more valuable
than wheat, even if its baking performance is inferior (Biel et al. 2020).

What also indicates the great importance of triticale as a multipurpose grain is the possibility
of using it as a raw material for the production of bioethanol. Bioethanol is a renewable
source of energy that can be produced by fermentation of sugars originating from plants
containing starch (first generation raw materials) or lignocellulosic biomass (second
generation raw materials) (Balat and Balat, 2009, Ho et al. , 2014). Bielski et al. (2015) state
that bioethanol is a strategic resource that is widely used in the food, cosmetic,
pharmaceutical and petrochemical industries, and that it is also mentioned among the most
important biofuels used for transportation. Precisely because of the modest requirements for
soil quality, triticale is considered the most suitable cereal for bioethanol production
(Kucerova, 2007; Cantale et al., 2016). The amount of bioethanol that can be produced from
cereal grains directly depends on the grain yield (Obuchovski et al., 2010; Swantson et al.,
2014), which is largely determined by the variety, weather conditions during production,
applied agricultural techniques and the dose of applied nitrogen fertilizers within it
(Dumbrava et al. 2016; Lalevi¢ et al., 2022), where the factor that most modifies the quality
properties of the grain is precisely nitrogen (McKenzie et al. 2014; Bielski et al. 2015).

Conclusions

Triticale is a crop that has a high genetic potential for yield and is able to produce high
biomass. Based on the quoted literature, it can be concluded that triticale is characterized by
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good to excellent adaptability to limited water supply, extremely high temperatures and frost,
as well as soils with increased salinity, lower pH value and other disadvantages that limit the
cultivation of some other crops. Also, the possibility of using it for different purposes
increases its importance as a cereal. Bearing in mind all the advantages and disadvantages of
triticale, the rapidly growing requirements for meeting the basic needs of the constantly
growing population on the planet, climate change and the necessity of expanding agricultural
production to marginal areas, leads to the conclusion that triticale will only gain importance in
the future.

References

Ayalew, H.; Kumssa, T.T.; Butler, T.J.; Ma, X.-F. Triticale Improvement for Forage and
Cover Crop Uses in the Southern Great Plains of the United States. Front Plant Sci.
2018, 9, 1130.

Babi¢, V., Raji¢i¢, V., DPuri¢, N. (2021): Economic significance, nutritional value and
application of triticale, Economics of Agriculture, Year 68, No. 4, pp. 1089-1107.

Balat, M.; Balat, H. (2009): Recent trends in global production and utilization of bio-ethanol
fuel. Appl. Energy, 86, 2273-2282.

Ballesteros-Rodriguez, E.; Martinez-Rueda, C.G.; Morales-Rosales, E.J.; Estrada-
Campuzano, G. (2019): Changes in Number and Weight of Wheat and Triticale Grains
to Manipulation in Source-Sink Relationship. Int. J. Agron. 1-9.

Bezabih, A.G.; Girmay, A. Lakewu. Performance of triticale varieties for the marginal
highlands of Wag-Lasta, Ethiopia. Cogent Food Agric. 2019, 5, 1-11.

Biel, W., Kazimierska, K., Bashutska, U. (2020): Nutritional value of wheat, triticale, barley
and oat grains, Acta Sci. Pol. Zootechnika, 19(2), 19-28.

Bielski, S.; Dubis, B.; Jankowski, K. (2015): The energy efficiency of production and
conversion of winter triticale biomass into biofuels. Przem. Chem., 94, 1798-1801.
Blum, A. (2014): The abiotic stress response and adaptation of triticale—A review. Cereal

Res. Commun., 42, 359-375.

Benbelkacem, A. (2004): Triticale in Algeria, in Triticale improvement and production,
Mohamed Mergoum and Helena Goémez-Macpherson (eds), Food and Agriculture
Organization of the United Nations, pp. 81-86.

Cantale, C.; Petrazzuolo, F.; Correnti, A.; Farneti, A.; Felici, F.; Latini, A.; Galeffi, P.
(2016):Triticale for bioenergy production. Agric. Agric. Sci. Procedia, 8, 609-616.
Dennett, A.L.; Cooper, K.V.; Trethowan, R.M. (2013): The genotypic and phenotypic
interaction of wheat and rye storage proteins in primary triticale. Euphytica, 194, 235-

242.

Dumbrava, M., Béasa, A.G.; Ion, V., Epure, L.I.,, Dinca, N., Stefan, D. (2014): Results
regarding yield and yields components at different triticale varieties, Scientific papers,
Series A. Agronomy, Vol. LVII, p.174-179.

Dumbrava, M.; lon, V.; Epure, L.1.; Ba, sa, A.G.; Ion, N.; Du sa, E.M. (2016): Grain yield and
yield components at triticale under different technological conditions. Agriculture and
Agricultural Science Procedia, 10, 94-103

Estrada-Campuzano, G.; Slafer, G.A.; Miralles, D.J. (2012): Differences in yield, biomass and
their components between triticale and wheat grown under contrasting water and
nitrogen environments. Field Crops Research, 128, 167-179.

FAOSTAT (2021). Food and agriculture Organization of the United Nations. Available

at: www.fao.org

244


http://www.fao.org/

Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Filip¢ev, B., Mastilovi¢, J., Bodroza-Solarov, M. (2005): Chemical composition of triticale
and winter barley varieties in the period 2002-2004 year, Food and Feed Research, vol.
32, 3, p. 85-88.

Glamodlija, ., Durié¢, N., Glamoclija, N. (2017): Triticale, origin, importance, production
and storage technology (monograph), PKB Agroeconomics Institute, Padinska Skela,
Belgrade.

Glamoclija, N.; Starcevi¢, M.; Ciri¢, J.; Sefer, D.; Glici¢, M.; Balti¢, M.; Markovi¢, R.;
Spasi¢, M.; Glamoclija, D. (2018): The importance of triticale in animal nutrition,
Veterinary. J. Repub. Srp. (Banja Luka), 18, 73-94.

Gobeze, L., Mazengia, L., & Hidoto, W. (2007). Effect of varieties and seeding rates on grain
yield of triticale (Triticosecale Wittmark) in different agro-ecologies of Southern
Ethiopia. African Crop Science Conference Proceedings, 8, 41-44.

Gruji¢, O., Pejin, J., Denci¢, S. (2010): The application of triticale variety Odyssey as the
substitute for malt in wort production Acta periodica technologica, br. 41, str. 7-17.

Ho, D.P.; Ngo, H.H.; Gou, W. (2014): A mini review on renewable sources for biofuel.
Bioresour. Technol., 169, 742—749.

JanuSauskaite, D. (2014): Analysis of grain yield and its components in spring triticale under
different N fertilization regimes. — Zemdirbyste 101: 381-388.

Jaskiewicz, B., Szczepanek , M. (2018): Amino acids content in Triticale grain depending on
meteorological, agrotechnical and genetic factors. Proceedings of 24th Annual
International Scientific Conference. Research for Rural Development, 2: 28-35

Kreyling, J. (2010): Winter Climate Change: A Critical Factor for Temperate Vegetation
Performance. Ecology, 91, 1939-1948.

Kucerova, J. (2007): The effect of year, site and variety on the quality characteristics and
bioethanol yield of winter triticale. J. Inst. Brew. 2007, 113, 142-146.

Lalevi¢, D., Miladinovi¢, B., Biberdzi¢, M., Vukovié, A., Mllenkovié, L. (2022): Differences
in grain yield and grain quality traits of winter triticale depending on the variety,
fertilizer and weather conditions, Applied Ecology and Environmental Research,
20(5):3779-3792.

Markovi¢, G., Madi¢, M., Pantovi¢, J. (2021): Use value of different cereals for feeding carp
fish (Cyprinidae), XXVI Savetovanje o biotehnologiji, Zbornik radova, 183-188.

McGoverin, C.M., Snyders, F., Muller, N., Botes, W., Fox, G., Manley, M. (2011). A review
of triticale uses and the effect of growth environment on grain quality. J. Sci. Food
Agric., 91, 1155-1165.

McKenzie, R.H.; Bremer, E.; Middleton, A.B.; Beres, B.; Yoder, C.; Hietamaa, C.; Pfiffner,
P.; Kereliuk, G.; Pauly, D.; Henriquez, B. (2014): Agronomic practices for bioethanol
production from spring triticale in Alberta. Can. J. Plant Sci., 94, 15-22.

Milovanovi¢, M., Staleti¢, M., beki¢, V., Nikoli¢, O., Lukovi¢, K. (2011): Seed production
and contribution of KG varieties to biodiversity of small grains in the period 2006-2010,
Economics of Agriculture, 2(58), 103-111.

Milovanovié¢, M., Perisi¢, V., Staleti¢, M., Peki¢, V., Nikoli¢, O., Prodanovi¢, S., Lukovi¢ K.
(2014): Dialles analysis of Grain Number per Spike in Triticale, Bulgarian Journal of
Agricultural Science, 20(5), pp. 1109-1115.

Nozini¢, M., Mandi¢, D., Markovi¢, M., Purasinovi¢, G., Przulj, N. (2009): Triticale in the
years with extreme weather conditions, Plant Breeding and Seed Production, Vol. XV,
No.4, p. 35-54.

Obuchovski, W.; Banaszak, Z.; Makowska, A.; Luczak, M. (2010): Factors affecting
usefulness of triticale grain for bioethanol production. J. Sci. Food Agric., 90, 2506—
2511.

245



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Pfeiffer W.H. (1994): Triticale: potential and research status of a manmade cereal crop. In
Background material for the germplasm improvement subprogram external review,
Ciudad Obregon, Sonora, Mexico, Wheat Program, Mexico, DF, CIMMY'T, 82-92.

Pozubenkova, E.l., & Galiullin, A.A. (2019). Economic efficiency of winter triticale
cultivation in agribusiness entities. Volga Region Farmland, 2, 43-47.

Randhawa, H.; Bona, L.; Graf, R. (2015): Triticale Breeding—Progress and Prospect;
Triticale, E.F., Ed.; Springer: New York, NY, USA, pp. 15-32

Rosenberger, A.; Kaul, H.P.; Senn, T.; Aufhammer, W. (2001): Improving the energy balance
of bioethanol production from winter cereals: The effect of crop production intensity.
Appl. Energy, 68, 51-67.

Saade E.M, (1995): Triticale production and utilization in Tunisia: constraints and prospects.
In CIMMYT Economics Working Paper, Mexico, DF, CIMMYT, 95-104.

Sadras, V., Vadez, V. Purushotuaman, R., lake, L., Marrou, H. (2015):
Unscramblingconfounded effects of sowing date trials to screen for crop adaptation to
high temperature, Field Crops Research, Vol. 177, 1-8.

Saulescu, N.N., Ittu, G., Ciuca, M., Ittu, M., Serban, G., Mustatea, P. (2011): Transferring
useful rye genes to wheat, using triticale as a bridge. Czech J. Genet. Plant Breed.
47:S56-S62.

Shewry, P., Hey, S. (2015): The contribution of wheat to human diet and health, Food And
Energy Security, Vol. 4, Issue 3, 178-202.

Song, M., Wu, K., Meyerhardt, J.A., Ogino, S., Wang, M., Fuchs, C.S., Giovannucci, E.L.,
Chan, A.T. (2018). Fiber Intake and Survival After Colorectal Cancer Diagnosis. JAMA
Oncol., 4(1), 71-79.

Swanston, J.S.; Smith, P.L.; Thomas, W.T.B.; Sylvester-Bradley, R.; Kindred, D.; Brosnan,
J.M.; Bringhurst, T.A.; Agu, R.C. (2014): Stability, across environments, of grain and
alcohol yield, in soft wheat varieties grown for grain distilling or bioethanol production.
J. Sci. Food Agric., 94, 3234-3240

USDA (2018): US Department of Agriculture, Agricultural Research Service, Nutrient Data
Laboratory. USDA National Nutrient Database for Standard Reference, Legacy.
Version Current: April 2018

Varughese G, Pfeiffer W.H. & Pena R.J. (1996): Triticale (Part 2): a successful alternative
crop. Cer. Foods World, 41(7): 635-645.

Wrigley, C.; Bushuk, W. Triticale: Grain Quality Characteristics and Management of Quality
Requirements. In Cereal Grains Assessing and Managing Quality, 2nd ed.; Wrigley, C.,
Batey, I., Miskelly, D., Eds.; Elsevier Ltd.: Oxford, UK, 2017; pp. 179-194.

Zhu, F. (2018): Triticale: Nutritional composition and food uses. Food Chem., 241, 468-479.

246



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

PHENOTYPIC VARIABILITY AND SIMILARITY OF NUMBER OF SPIKELETS IN
PRIMARY SPIKE IN WHEAT VARIETIES (Triticum aestivum L.)

Dusan UROSEVIC?, Desimir KNEZEVIC™, Mirela MATKOVIC STOJSIN?, Jelica ZIVIC,
Danica MICANOVIC®, Adriana RADOSAVAC?, Vesna KANDIC"

Maize Research Institute Zemun Polje. Slobodana Baji¢a 1. 11185 Belgrade. Serbia,
“University of Pristina temporary settled in Kosovska Mitrovica, Faculty of Agriculture, Lesak, Kopaonitka bb,
38219 Lesak, Kosovo &Metohia, Serbia;
*Tami Research and Development Institute, Novoseljanski put 33, 26000, Pancevo, Serbia;
*College of Agriculture and Food Technology, Prokuplje, Serbia;
*Serbian Chamber of Commerce and Industry, Resavskal5, Belgrade, Serbia;
®University Business Academy in Novi Sad, Faculty of Applied Management, Economics and Finance in
Belgrade, Jevrejska 24, 11000 Belgrade, Serbia;
“Corresponding author: e-mail: dusan.urosevic@gmail.com

Abstract

Number of spikelets per spike has an indirect effect on yield. Aim of this work is study
variability of number of spikelets in primary spike of wheat grown under different
environmental condition. The 50 wheat varieties was included in experiment which was set up
as a randomized block design in three replications on the field in Kraljevo, Serbia during two
vegetation season (2015-2017). The seeds of varieties were sown at the distance of 0.10 m in
rows of 1.0 m length among which was the distance of 0.2 m. Sixty plants at the full maturity
stage (20 replication™) were used for analysis of number of spikelets per primary spike. The
analysis of variance was performed by MSTAT C (5.0 version). Similarity among wheat was
analyzed by hierarchical method of Euclidean distance. The results showed significant
differences toward to number of spikelets primary spike™ among varieties in both years,
estimated by F-test. On average in the first vegetation season the least number of spikelets
primary spike™ 19.47 had Tera variety while the highest number of spikelets 24.38 had
Dejana variety. In second vegetation season the number of spikelets primary spike™ varied
from the lowest 19.37 in Kosmajka to the highest 25.32 in Somborka. The similarity
illustrated on dendogram contained four clusters in first year and six cluster of varieties in
second year. The prominent cluster contain different number and composition of varieties
with the highest degree of similarity. The differences in average of spikelets spike™ were
determined by genetic, environmental factor and by interaction genotype/environment.

Key words: wheat, variety, spikelets spike™, similarity, environment
Introduction

Wheat yield is complex trait which is result of inter-connected yield-component traits value,
such as tillering, architecture of stem, leaf, inflorescence, fertilisation, speed of seed filling
and often with their correlations (Knezevi¢ et al., 2018a; 2021). One way to improve wheat
yield potential is to select for increased spikelet number per spike, because one extra spikelets
per spike potentially increase seed yield through increasing number of florets and number of
seed (Alvaro et al., 2008; Zecevi¢ et al., 2009; Sreenivasulu and Schnurbusch, 2012). By
increasing number of seed per spike is one possibility to overcome low mass of seed. Number
of seeds per spike is determined with both, number of spikelets per spike and the number of
fertile florets spikelet™. The each wheat spikelet has more than one seed, what indicate that
wheat spikelet is one of the most essential components of seed yield (Knezevi¢ et al., 2018b;
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Wolde et al., 2019). In order to achieve this, it is necessary to know the genetic control of of
spikelets per spike as well as other components of yield and quality, their mutual connection
and the breeding of high yielding wheat variety ((Brankovi¢ et al., 2015; Knezevi¢ et al.,
2006; 2015 Wiirschum et al., 2018). Candidate genes for determination number of spikelets
per spike were initially identified and mapped on chromosomes 7AL and 7BL using
proprietary gene models (Gardner et al., 2016; Wittern et al., 2022). Spikelets are formed
from the apical meristem through several stages, which number depends on the genotype and
environmental conditions. However, not all primordia develop into spikelets, and also not all
spikelets develop seeds, due to the death of primordia, and therefore sterile and fertile
spikelets are formed (Baker and Gallagher, 1983; Garcia et al., 2014). The spikelets spike™
develop from the budding phase and early elongation of the stem, and it depends on the
environmental conditions in the process of organ differentiation. The number of productive
spikelets spike™ decreases under conditions of stress until flowering (Hristov et al., 2011;
Gonzalez-Navarro et al., 2015; Cohen et al., 2020). Water stress have influence to the
decrease in the number of spikelets as a result of competition for photosynthesis matters
among stem, leaves and spikelets which are all of them in phase of growth, as well lack of
water in the flowering phase which can cause decreasing fertile florets and the number of
seeds in spike. The result of effect of that competition can increase pollen sterility and failure
of pollination and fertilisation, especially in the terminal and basal spikelets of spike
(Gonzalez et al., 2012. Farhoud, et al., 2014; Saeidi and Abdoli 2015; Muhammad and
Kazem, 2017). Varying the number of seeds spike™ was established in interaction of sowing
time and growing conditions when adding nitrogen fertilizer (Neugschwandtner et al., 2015;
Sugar et al., 2016).

The aim of the work is to determine the potential of number of spikelets per primary spike of
the divergent winter wheat varieties growng in different agro-ecological conditions.

Materials and Methods

In this study of number of spikelets per primary spike in wheat were included 50 varieties.
Selected wheat genotypes were sown in experiment which was set up as a randomized block
design in three replications, on plots size 1 m? on the field in Kraljevo, Serbia in two growing
seasons (2015/16 and 2016/17). The seeds of varieties were sown at the distance of 0.10 m in
rows of 1.0 m length among which was the distance of 0.2 m. For analysis of number of
tillers, were used 60 plants in full maturity stage (20 plants per replication). Using the
program MSTAT C 5.0 version the analysis of variance was performed according to a random
block system with one factor and significant differences were estimated by F-test values and
tested by test value of LSD gosand LSD ;. Similarity among wheat analyzed by hierarchical
method of Euclidean distance.

Weather conditions

The average temperature was 9.96 °C and total amount of precipitation was 651mm in first
year was higher than in the second year 2016/17 in which average temperature was 8.74 °C
and total amount of precipitation was 523 mm, and also higher than in 10 year periods
recorded temperature 8.50 °C and precipitation 417.8 mm. In the two months (October-
November) the amount of precipitation and average temperature values were similar, which
are favorable for seed germination and development of plants. During the February-April
amount of precipitation in the first year (250.5 mm) was higher than in the second (174.0
mm), although the distribution of rainfall was more favorable for plant growth in the second
year of experiment (Table 1).
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Table 1. Average monthly temperature and total monthly precipitation in Kraljevo

Period Oct |Nov [Dec |Jan |Feb |Mar |Apr |May [Jun |Xm |Total
Temperature °C 2015/16 (116 |73 |33 |-0.1 |88 |7.8 141 |155 |21.3 |9.96
Temperature °C 2016/17 (106 |6.8 |0.0 |47 |52 (108 |11.1 |16.8 |(22.1 (8.74
2000-2010 118 1|64 |17 |-0.1 |26 |59 11.6 |16.4 |20.4 |8.50
Precipitatin (mm) 2015/16 |56.8 |64.0 9.0 |86.2 [52.7 |157.9 [39.9 |135.9 |48.6 651.0
Precipitatin (mm) 2016/17 |(84.1 |77.6 |9.4 |22.0 |35.0 |57.0 |82.0 |100.0 |56.0 523.1
2000-2010 61.0 |44.3 |44.6 [30.0 |29.9 |33.2 |52.9 [52.6 |69.3 417.8

Results and Discussion

The number of spikelets per primary spike of wheat varieties varied in range of 19.47 (Tera)
to 24.38 (Dejana) in first vegetation season with average value 22.45 for all 50 varieties,
while in second year varied from 19.37 (Kosmajka) to 25.32 (Somborka) with average value

23.07 spikelets spike™ for 50 varieties (table 2).

Table 2. Variability of number of spikelets per primary spike in wheat varieties

Cultivars First year S;a/cec;?d Average Cultivars First year S;e/cec;rr\d Average
1 |Evropa90 |22,80+0,22 | 23,03+0,16 |22,92+0,19|26 |Jarebica 22,22+0,29125,08+0,20 | 23,65+0,25
2 |Dejana 24,38+0,19 | 23,32+0,17 |23,85+0,18 | 27 |Fortuna 22,47+0,23|23,37+0,15 [ 22,92+0,19
3 |Sila 22,40+0,22 | 24,38+0,18 [23,39+0,20 |28 | Sasanka 21,87+0,24 | 24,22+0,20 | 23,05+0,22
4 | Omega 22,05+0,20 | 23,83+0,15 {22,94+0,18 |29 |Danica 22,58+0,21 | 23,38+0,18 | 22,98+0,20
5 |Lasta 22,15+0,15 | 23,33+0,18 [22,74+0,17 |30 |Somborka |23,87+0,22|25,32+0,17 |24,60+0,20
6 |Milica 23,60+0,21 | 23,65+0,19 | 23,63+0,20 |31 |Kremna 23,47+0,23|22,57+0,23 | 23,02+0,23
7 |Parizanka | 23,42+0,24 | 23,75+0,22 |23,59+0,21 (32 |KG-75 21,35+0,27 | 23,20+0,21 [ 22,28+0,24
8 |Pobeda 23,40+0,20 | 23,98+0,17 [23,69+0,19 (33 |Sumadija |22,48+0,23]22,40:0,20 | 22,44+0,22
9 |Dic¢na 23,25+0,25 | 23,98+0,22 [23,62+0,24[34 [Levdanka |23,68+0,2224,10+0,21 |23,89+0,22
10 [NSRana5 |23,07+0,23 | 22,95+0,19 [23,01+0,21 |35 |Oplenka |23,47+0,2223,98+0,24 |23,73+0,23
11| Alfa 24,02+0,25 | 25,18+0,17 | 24,60+0,21 |36 |Gruza 22.35+0,25 | 23,42+0,24 [ 22,89+0,25
12 |Rodna 22,72+0,25 | 23,50+0,24 | 23,11+£0,25|37 |Gruzanka |21,21+0,2320,40+0,15|20,81+0,19
13 | Balkan 22,42+0,24 | 22,05+0,16 |22,24+0,20 |38 |KG-58 22,47+0,25 [ 23,88+0,16 | 23,18+0,21
14 |Rana Niska | 20,52+0,24 | 21,27+0,19 [20,90+0,22[39 |[KG-56 23,27+0,19]24,15+0,21 | 23,71+0,20
15 |Proteinka | 23,23+0,25 | 24,22+0,13 [23,73+0,19]40 |Orasanka [23,07+0,2623,38+0,23 |23,23+0,25
16 | Stepa 23,82+0,18 | 24,08+0,18 [23,95+0,18 |41 |KG-78 21,58+0,26|22,88+0,23 |22,23+0,25
17 [NSR-2 21,34+0,20 | 22,73+0,17 [22,04+0,19 (42 |Ravanica |21,97+0,3423,88+0,27 [22,93+0,31
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18 | Prima 21,234+0,19 | 21,30+0,16 [21,27+0,18 |43 |Lepenica [21,28+0,26(22,43+0,21 [21,86+0,24
19 | Sloga 22,854+0,25 | 24,87+0,18 [23,86+0,22 |44 |Jasenica 23,17+0,27122,75+0,22 |1 22,96+0,25
20 [ Agrounija | 22,35+0,24 | 22,82+0,19 |22,59+0,22 |45 | Zastava 23,52+0,18|23,03+0,16 | 23,28+0,17
21 | Zadruga 21,00+0,20 | 21,27+0,16 [21,14+0,18 |46 |Kosmajka |19,50+0,20|19,37+0,16 |19,31+0,18
22 | Tera 19,47+0,19 | 22,47+0,20 [20,97+0,20 |47 |Sumadija |23,120,17 | 19,45+0,15 |21,29+0,16
23 | Kompas 20,12+0,22 | 22,30+0,16 {21,21+0,19 |48 |Morava 21,35+0,25(21,32+0,22 | 21,34+0,24
24 | Tanjugovka | 21,75+0,28 | 22,07+0,24 |21,97+0,26 |49 |KG 56 S 23,57+0,15122,90+0,18 | 23,24+0,17
25 [Jugoslavija | 22,53+0,18 | 22,754+0,17 |22,64+0,18 |50 |Ljubicevka |23,50+0,20 | 23,60+0,21 | 23,55+0,21
Average 22,45+0,23|23,07+0,19 | 22,76+0,21
CV (%) 7,8 6,5 7,15

On average for two growing seasons, the highest number of spikelets per primary spike was in
the Somborka and Alfa varieties (24.60) and the lowest in the Kosmajka variety (19.31). On
average for all varieties, the value for number of spikelets per primary spike was higher in the
second (23.07) than in the first vegetation season (22.45) table 2.

The number of spikelets per primary spike in previous investigation of Serbian wheat was less
and varied from the highest 20.7 in variety Ljubievka to the lowest 18.4 number of spikelets
spike™ in variety Lepenica (Zecevi¢ et al., 2009). However in another investigation of
different Yugoslav wheat varieties the number of spikelets spike™ varied from 21.1 in Njivka
to 26.2 in Zemunka variety (Zecevi¢ et al., 2004) which in the same investigation for foreign
wheat varieties number of spikelets spike™ was between 19.2 (Frontana) and 27,0 (Jawa). In
study with English varieties the number spikelet spike™ varied from (18.4+1.1) in Siskin to
(19.4£1.4) in Maris Widgeon variety (Zhou et al., 2021). Therefore, counting the number of
spikelet spike™, and florets spikelet™ during the breeding process is of great importance for
screening high-yield wheat cultivars. The number of spikelets, fertile florets, and seeds gives
the possibility to determine of spikelet fertility, fertile floret proportion, and seed/fertile floret
ratio to further assess the spike characteristics (Knezevic et al., 2012; Kondi¢ et al., 2017; Guo
etal., 2018).

The analysis of variance established that the differences between the varieties for the trait
number of spikelets primary spike™® were significant and highly significant. Differences
between vegetation season for number of spikelets per primary spike in varieties indicate that
there is an influence of environmental factors on the manifestation of number of spikelets per
primary spike. The established significant differences in the average values of number of
spikelets spike™, indicating genetic divergence of varieties (table 3).

Table 3. Analysis of variance for number of spikelets per primary spike in wheat in two
vegetation season

\Vegetation season 2015/16 \Vegetation season 2016/17
Source of
variance df SS MS F o® |Lsdogs| Lsdoos | SS MS F o® | Lsdoos [Lsdoor
Genotypes (G) | 49 |192,380 | 3,926 |15,747**|1.475|1,132 | 1,500 |245,586 |5,012|15,699**| 1.883 | 1,363 | 1,805
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Repetitions (R) | 2 0,019 | 0,009 |0,037369 4,133 |2,067 |6,473235
Error 98 | 24,682 | 0,247 0,010 35,420 | 0,354 | 35,420 | 0,354
Total 149 ] 217,062 0,283 281,006 0,260

Based on the obtained values for number of spikelets per primary spike, four clusters of
mutually similar genotypes are distinguished in the first vegetation season (2015/16). The first
cluster contain 12 varieties, second-14 varieties, third-4 varieties and fourth-20 mutually
similar varieties. Among those four clusters, the highest similarity was between first and
second cluster, with which the third cluster is the most similar. The less degree of similarity
showed forth cluster with formed from first, second with third cluster (Figure 1).

In second year (2016/17). the six cluster mutually similar varieties were established. The first
cluster contain 16 varieties, second-4 varieties, third-10 varieties, fourth-13, fifth-2 and sixth
cluster contain 5 mutually similar varieties. Among those six cluster, the highest similarity
was between third and fourth. Less degree of similarity showed fifth and sixth cluster as well
as between second with formed cluster from third and fourth, and than less but the highest
similarity showed first cluster with formed cluster from third and fourth with second cluster.
The least similarity manifested the between formed cluster from first, second, third and fourth
and cluster formed from fifth and sixth cluster (Figure 2).

1) 2)

Figure 1. Similarity of wheat genotypes according to number of spikelets per primary spike in two
vegetation season: 1) 2015/16 and 2) 2016/17

In these studies, the examined wheat genotypes showed a high potential for number of
spikelets per primary spike , which on average varies between 22.45 and 23.07 spikelets
spike™ in two vegetation season. In other study of wheat varieties, similar values of variation
in number of spikelets per primary spike were found (KnezZevi¢ et al., 2018b) as well as for
Italian and Spanish wheat cultivars (Alvaro et al., 2008). The less values of number spikelets
spike™ were found (ZeCevi¢ et al., 2009; Zhou et al., 2021), while higher values of number
spikelets spike™ reported in study Zecevié et al. (2004). The obtained high values of the
number spikelets spike™ indicate the potential of number of seeds spike™ and yield. The
greatest contribution to the increase in the number spikelets spike™ and yield have soil
moisture, mineral nutrition and accessibility of mineral elements for absorption, temperature,
light and process of photosynthesis and reutilization and translocation of organic matter
(Dodig et al., 2008; Neugschwandtner et al., 2015; Sugar et al., 2016 Zangana and Aljburi,
2023).

251



Proceedings of the XIV International Scientific Agricultural Symposium “Agrosym 2023

Conclusions

In this investigation were determined significant differences among wheat genotypes
according to number of spikelets primary spike™. The variation of spikelets spike™ in the
same Vvariety in two vegetation season indicate  genotype's response to different
environmental conditions . The highest number of spikelets spike™ 24.38 in Dejana variety
and the least in Tera (19.47) in the first vegetation season, while the highest number of
spikelets spike™ in second vegetation season was in Somborka (25.32) and the least in
Kosmajka (19.37). The differences between genotypes were significant and highly significant
for number of spikelets per primary spike . Genetic factors, environmental factors and
genotype/environment interaction had an influence on the manifestation of number of
spikelets spike™.
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Abstract

The three year investigation (2014-2016) was carried out in a productive vineyard of the
Toplicki Vinogradi Winery near Prokuplje, Serbia, and included the effects of early and late
defoliation on grape yield and quality of Prokupac variety. The trials were set in a random
complete block design (RCBD) with three blocks and four treatments per block: treatment | —
early defoliation at the flowering stage when 50% of the flowers were open, treatment 1l —
early defoliation at the stage when the grape size was 3 to 5 mm, treatment Il — late
defoliation at veraison, and control — no defoliation. Defoliation significantly affected the
grape yield of the all three years investigation. Defoliation treatments significantly affected of
grape yield per bud, developed shoot and per vine, while was no significant effect on the early
and late defoliation on grape yield per fertile shoot. The greatest grape yield per bud,
developed shoot and per vine were obtained in the control treatment, significantly higher than
treatments with early and late defoliation. The greatest sugar content of grape juice was
observed in control treatment, and the lowest one in treatment | with early defoliation at full
flowering. In the treatment with late defoliation at veraison, the lowest content of total acids
was obtained, while it was highest in treatment | with early defoliation at full flowering.

Keywords: defoliation, treatments, grape yield, Prokupac.
Introduction

In addition to international varieties, increasingly more attention is paid to old autochthonous
varieties that are adapted to the climatic and soil conditions of Serbia. Prokupac is an
autochthonous variety of the Republic of Serbia. It is classidied as convarietas pontica,
subconvarietas balcanica. In the past decade, the Prokupac variety has once again become the
dominant variety in the vineyards of Southern Serbia. The processing of grapes of this variety
produces quality wines with a characteristic and unique taste which is distinctive for this part
of Serbia (Lakiéevi¢ et al., 2019). The increasing demand for high-quality and premium wine
has induced the application of defoliation as an ampelotechnical measure affecting the grape
yield and quality of grape. The effects of defoliation on the grape yield levels are quite
variable depending on the timing of defoliation and the number of leaves removed (Poni et al.,
2006). Defoliation is a viticultural practice performed during the growing season in order to
regulate the density of the vegetative assembly and exposure of shoots with the aim of
improving grape quality (Petrie et al., 2000; Poni et al., 2006). Defoliation can be early, when
it is carried out in the phenophase of flowering and berry setting, or late, when it is carried out
at the beginning of grape ripening. Early defoliation is a new innovative viticultural practice
for regulating grape yield and grape quality (Poni et al., 2006). It is carried out at the
flowering stage as opposed to the traditional leaf removal at veraison to improve the exposure
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of the clusters to the sun's rays and to improve air flow in the trellis. The regulation of grape
yield height is achieved by early defoliation (Poni et al., 2006; Intrieri et al., 2008). If there
are not enough nutrients, there may be less fertilization and the appearance of a smaller
number of berries in the grape cluster due to the reduction of the total leaf area by defoliation,
which is also reflected in the reduction of grape yield (A¢imovi¢ et al., 2016). Removal of the
first six basal leaves before flowering has been shown to be an effective strategy for grape
yield control through source-consumer relationships (Poni et al., 2006; Intrieri et al., 2008;
Acimovi¢ et al., 2016), resulting in less compact grape clusters, which consequently increases
the sugar content in grape juice (Sabbatini and Howell 2010; Bravetti et al., 2012; Silvestroni
et al., 2018). Removal of basal leaves before flowering improves the relation between the
source and consumer, due to the removal of older leaves with lower photosynthetic activity,
reducing grape vyields and improving berry quality in many cultivars under different
agroecological conditions (Pastore et al., 2013). However, improved grape quality is not a
consistent result of defoliation, and when it is present it is often due to a change in the
microclimate around the grape clusters themselves (Percival et al., 1994). The aim of this
paper was to examine the impact of defoliation in different time intervals on grape yield
indicators and quality of grape of the Prokupac variety.

Material and methods

Prokupac variety of vine (Vitis vinifera L.) was investigated in a productive vineyard of the
Toplicki Vinogradi Winery near Prokuplje, Serbia. The location of the trial (lat. 43°12'57" N;
long. 21°25'31" E; alt. 359 m) belongs to the vine-growing region of Toplica, wine district of
Prokuplje. The vineyard was planted in 2009 with a planting space of 2.5 x 0.8 m (5000
plants/ha), and the rootstock variety was Kober 5BB. The training system applied was spur
trained Cordon de Royat, with a trunk height of 60 cm. The investigated vines were loaded by
six buds per plant. The trials were set in random complete block design (RCBD) with three
blocks and four treatments per block, for three years (2014-2016). Defoliation was carried out
in different vine developmental stages as follows: Treatment | — early defoliation at the
flowering stage when 50% of the flowers were open (BBCH scale 65), treatment Il — early
defoliation at the stage when the grape size was 3 to 5 mm (BBCH scale 73), treatment 111 —
late defoliation at the onset of grape ripening veraison (BBCH scale 81), and control — no
defoliation. The first six leaves of each primary shoot were removed from all defoliated vines.
Defoliation of treatment | in 2014 was carried out on 16 June, in 2015 on 13 June, while in
2016 it was carried out on 9 June. Removal of the first six leavels of each primary shoot of
treatment 11 in 2014 was carried out on 1 July, in 2015 on 29 June, and in 2016 on 25 June.
Late defoliation at the veraison stage of treatment 111 in 2014 was done on 8 August, in 2015
on 6 August, while in 2016 it was done 2 August. Chemical analyses were carried out in the
laboratories of the Faculty of Chemistry, University of Belgrade.

Determining grape yield - This method was used to determine the number of grape clusters
per vine, the average yield of grapes per vine, per developed shoot, per fertile shoot and per
bud. In the phase of grape harvesting, the yield of grapes and the number of grape clusters per
vine were determined by measuring the mass, and then the grape yield per unit area was
determined by calculation.

The quality of grapes is determined based on the content of sugar and total acids in grape
juice. The sugar content was determined with the Axel saccharimeter, the content of total
acids by the method of neutralization, titration with n/4 NaOH.

Standard statistical methods and the statistical program Statistical Analysis System — SAS
(9.031) were used for data processing. One - way analysis of variance (ANOVA) was used to
examine the experimental data (MS Excel (Microsoft Office 2007 Professional; Redmond,
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WA, USA)), followed by Duncan’s test for detecting differences (p < 0.05) between means
(NCSS software package) (www.ncss.com (accessed on 1 March 2022)).

Results and Discussion

Table 2 shows the effect of defoliation on grape yield per bud. Defoliation had a very
significant effect on the yield of grapes per bud. The highest yield in the three-year average
was obtained in the control (372.07 g), significantly higher than the treatments with early and
late defoliation (P<0.01).

Table 1. Grape yield per bud (g)
Experiment Treatments

Year of Research

Control Treatment | Treatment Il Treatment 11
2014 379.77° 261.49° 266.33° 311.88%P
2015 443.55° 342.96° 328.50° 364.55°
2016 292.89* 261.84° 309.272 256.89°
AVG 2014-16 372.07° 288.76° 301.372 311.11°

experiment . .

= 1 treatments year Interaction
*% **k* nS

2P Values were grouped based on Duncan’s multiple range test (a = 0.05), where different letters within
the same row denote significant differences between treatments. Significance based on F test: ns =
P>0.05; * = P<0.05; ** = P<0.01; *** = P<0.001

Statistically significant differences were found in this parameter between the years of
research. During the research period, early and late defoliation showed negative effects on the
fertility of the bud in the years of research, which had a negative impact on the grape yield.
Also, A¢imovi¢ et al. (2016) state that the limited production of assimilates due to defoliation
reduces the fecundity of buds, which was recorded in treatments with early and late
defoliation in our research. There are significant differences between the treatments in the
yield of grapes per developed shoot (Table 2). In the control sample, a significantly higher
yield of grapes (390.08g) per developed shoot was obtained than in the treatments with
defoliation. There are very significant differences in the examined parameter (P<0.001)
among the years of research. In accordance with our results, A¢imovi¢ et al. (2016) stated that
applied early defoliation affected the decrease of grape yield due to a smaller number of grape
clusters.

Table 2. Grape yield per developed shoot (g)
Experiment Treatments

Year of Research

Control Treatment | Treatment 11 Treatment 111
2014 398.58% 322572 341.25% 384.18°
2015 468.22° 364.86% 338.87% 381.11°%
2016 303.44% 282.12% 312.65% 264.10%
AVG 2014-16 390.08° 323.18% 330.93% 343.13%

experiment . .

1 treatments year interaction
* **%k ns

D¢ Values were grouped based on Duncan’s multiple range test (o = 0.05), where different letters within
the same row denote significant differences between treatments.® Significance based on F test: ns =
P>0.05; * = P<0.05; ** = P<0.01; *** = P<0.001
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In contrast to the yield per bud and developed shoot, the yield per fertile shoot (Table 3) did
not vary significantly between the experimental treatments (P>0.05). The yield per fertile
shoot varied statistically very significantly between the years of research. The highest yield
per fertile shoot on average was obtained in the second year (2015) (440.23 g), which was
significantly higher than in the third (2016) year of research (328.37 g).

Table 3. Grape yield per fertile shoot (g)
Experiment Treatments

Year of Research

Control Treatment | Treatment 11 Treatment 111
2014 410.94% 371.29° 364.98° 434.40°
2015 478.64° 418.81° 391.61° 471.87°
2016 328.87% 314.68° 354.02° 315.92°
AVG 2014-16 406.15° 368.26° 370.20° 407.39°
£l ter)égirrri]:annetgt year interaction
ns Ak ns

4P¢ values were grouped based on Duncan’s multiple range test (a = 0.05), where different letters within
the same row denote significant differences between treatments. * Significance based on F test: ns =
P>0.05; * = P<0.05; ** = P<0.01; *** = P<0.001

Table 4 shows the effect of defoliation on grape yield per vine. Defoliation significantly
affected grape vyield, so defoliated treatments had lower grape yields than the control. Such a
decrease was not significant in 2014 for treatment 111, while in 2016, there were no significant
differences.

Table 4. Grape yield per vine (kg)
Experiment Treatments

Year of Research

Control Treatment | Treatment 11 Treatment 111
2014 2.279° 1.569° 1.598° 1.871%°
2015 2.661° 2.058° 1.9712 2.187°
2016 1.759° 1.571° 1.856° 1.542°
AVG 2014-16 2.233° 1.7332 1.808° 1.867°
experiment . .
= 1 treatments year Interaction
*% **k*k nS

2b¢ yalues were grouped based on Duncan’s multiple range test (o = 0.05), where different letters within
the same row denote significant differences between treatments." Significance based on F test: ns =
P>0.05; * = P<0.05; ** = P<0.01; *** = P<0.001

A significant difference was observed between 2015 (2.219 kg) on the one hand, and 2014
(1.829 kg) and 2016 (1.682 kg) on the other hand. Early defoliation was reported by Moreno
et al. (2015) to decrease the grape yield of the Tempranillo variety, which was also observed
in this study for Prokupac. A lower grape yield in early defoliated treatments was caused by a
decreased grape cluster size, number of berries per cluster, and changed microclimatic
conditions in the cluster zone. Similar effects of early defoliation on the grape yield of the
Tempranillo variety were reported by Moreno et al. (2015) and Tardaguila et al. (2008). Leaf
removal due to early defoliation decreased the grape yield of the Sangiovese variety (Sternad
Lemut et al., 2013). On the other hand, Tardaguila et al. (2008) found that defoliation did not
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affect the grape structure and yield, if applied after grape formation, which was not observed
in this study.

The quality of grapes of the Prokupac variety was analyzed through the content of sugar and
total acids in the grape juice (Tables 5 and 6). The highest sugar content was obtained in the
control (22.1 %), and the lowest in treatment | (20.9 %), where early defoliation was applied
in the full flowering phase. The highest content of total acids was obtained in the treatment
with early defoliation in the full flowering phase (8.16 g/l), and the lowest in the treatment
with late defoliation at the onset of grape ripening veraison (7.02 g/l).

Table 5. Sugar content in grape juice (%)
Experiment Treatments

Year of Research

Control Treatment | Treatment 11 Treatment 11
2014 22.3 19.4 20.7 21.0
2015 23.0 21.5 20.6 22.3
2016 21.0 22.0 22.2 21.8
AVG 2014-16 22.1 \ 20.9 21.2 21.7

The results of numerous studies vary from the fact that defoliation has no effect on the content
of sugar and total acids, to data that the removal of leaves has an effect on the values of the
aforementioned parameters. In our research, the lowest sugar content on average was obtained
in the treatment with early defoliation in the full flowering phase, which corresponds to the
data reported by Tardaguila et al. (2010) for the Carignan variety.

Table 6. Total acids content in grape juice (g/l)
Experiment Treatments

Years of Research

Control Treatment | Treatment 11 Treatment 111
2014 8.15 8.04 7.86 6.75
2015 7.63 7.88 7.13 6.99
2016 8.04 8.58 6.89 7.32
AVG 2014-16 7.94 8.16 7.29 7.02

The confirmation of our results was found in the research of Song et al. (2018) who reported
that defoliation treatments with 2, 4 and 6 leaves removed 55 days after flowering did not
affect sugar content. Contrary to our data, Poni et al. (2006) pointed out that the removal of
leaves in Sangiovese and Trebbiano cultivars at the phase of flowering and berry setting
contributed to an increase in sugar content compared to the control. Bavaresco et al. (2008)
reported that defoliation had a effect on total acid content, which is consistent with our results.
Song et al. (2018) reported that the content of total acids was reduced by leaf removal, which
does not correspond to our data, where the treatment with early defoliation in the full
flowering phase had the highest content of total acids.

Conclusions

Grape yield per bud and developed shoot varied significantly under the influence of
defoliation between treatments and years. The highest yield per bud and developed shoot was
obtained in the control. Differences were not found in the grape yield per bud and developed
shoot in treatments with early and late defoliation. Yield per fertile shoot did not vary under
the influence of defoliation among treatments, while statistically significant differences were
found between years of research. The highest yield of grapes per vine was obtained in the
control. Grape yield per vine did not vary between early and late defoliation treatments. The
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highest sugar content in grape juice on average was obtained in the control, and the lowest in
the treatment with early defoliation in the full flowering phase. In the treatment with early
defoliation in the full flowering phase, the highest content of total acids was obtained, and the
lowest in the treatment with late defoliation at the onset of grape ripening veraison.
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Abstract

Cherry production in Serbia is predominantly extensive and based almost entirely on seedling
rootstocks Mazzard (Prunus avium L.) and Mahaleb (Prunus mahaleb L.). The commercial
intensive orchard on the clonal sour cherry rootstock ‘Oblacinska’ (Prunus cerasus L.) was
established in 2013 with a planting distance of 4.0 m x 2.5 m. Six sweet cherry cultivars were
studied: ‘Burlat’, ‘Valery Chkalov’, ‘Carmen’, ‘Summit’, ‘Sunburst’, and ‘Germersdorfer
Grosse Kirsche’. During a tree-year period (2017-2019), the following characteristics were
studied: flowering and ripening time, vigor (trunk cross-sectional area), yield, yield
efficiency, and fruit quality. The average flowering time was in the first decade of April. The
ripening period ranged from May 20 to June 13. The cultivar ‘Summit’ showed significantly
higher vigor then other cultivars. The lowest average yield per tree was recorded for the
cultivar ‘Valery Chkalov’ (4.4 kg) and the highest for the cultivar ‘Summit’ (13.3 kg). The
cultivar ‘Summit’ had a statistically significantly higher yield compared to the other cultivars.
The highest yield efficiency was obtained for the cultivar ‘Summit® (0.14 kg/cm?). The
average fruit weight was lowest in the cultivar ‘Burlat’ (7.1 g), and was statistically
significantly lower compared to the other cultivars. The highest average fruit weight (11.0 g)
was found in the cultivar ‘Carmen’. Based on the results obtained, the cultivars ‘Summit” and
‘Carmen’ can be recommended for cultivation on the sour cherry rootstock ‘Oblacinska’.

Keywords: Prunus avium, Prunus cerasus, Rootstock, Yield, Fruit weight.
Introduction

The intensification of fruit production is based primarily on the results obtained in fruit tree
growing systems and the selection of low and moderate vigor rootstocks. In orchards with
higher planting density, earlier initial cropping, more efficient and cheaper implementation of
technical measures, and faster return on invested funds are achieved (Mi¢i¢ et al., 1997). In
recent decades, sweet cherry production has experienced a significant increase and continues
to spread worldwide with the main trends being to the improvement of cultivation efficiency
and premium fruit quality (Lang, 2008). With a production of over 2.6 million tones per year,
sweet cherry ranks seventh in the world production of temperate fruits (FAOSTAT, 2023).

Cherry production in Serbia is predominantly extensive and based almost entirely on seedling
rootstocks Mazzard (Prunus avium L.) and Mahaleb (Prunus mahaleb L.). The trees have
strong vigor, which complicates the application of cultural practices, especially harvesting,
and also reduces the effectiveness of production (Milatovi¢ et al., 2011). In modern cherry
production, there is no more place for very tall trees (Gjamovski et al., 2016). Intensification
of cherry production can be achieved by using low and moderately vigorous rootstocks, of
which the most used are ‘Gisela 5’ and ‘Gisela 6. However, the rootstock ‘Gisela 5’ also has
a lot of disadvantages. It requires fertile soil, irrigation, supports, and cultivars grafted on it
are prone to over-cropping, which negatively affects the fruit size (Milatovi¢ et al., 2013).
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Zec et al. (2017) studied three cultivars grafted on six rootstocks: Prunus mahaleb L.
seedlings, ‘Colt’, ‘Ma x Ma 14°, ‘Gisela 6°, ‘Gisela 5’ and ‘Oblacinska’ sour cherry and found
that trees on ‘Gisela 6’ and ‘Oblacinska’ sour cherry rootstocks had medium vigor and good
initial generative potential.

The aim of this work was to study the characteristics of several sweet cherry cultivars of
different maturation times grafted on the clonal sour cherry rootstock ‘Oblacinska’ (Prunus
cerasus L.). The cultivars achieving the best results will be recommended for growing on this
rootstock in high density plantings.

Material and Methods

The experimental orchard was located on the mountain Fruska Gora, near Novi Sad, in the
north of Serbia. Six sweet cherry cultivars were studied: ‘Burlat’, ‘Valery Chkalov’,
‘Carmen’, ‘Summit’, ‘Sunburst’, and ‘Germersdorfer Grosse Kirsche’. All cultivars were
grafted on ‘Oblacinska’ sour cherry rootstock. The experimental orchard was established in
2014 at a planting distance of 4 m % 2.5 m (1000 trees per ha). The slender spindle training
system was applied, with several semi-skeletal branches at the crown base. They standard
agrotechnical measures were applied, without irrigation.

During a tree-year period (2017-2019), the following characteristics were studied: flowering
and ripening time, vigor (trunk cross-sectional area (TCSA), yield, yield efficiency, and fruit
quality. The beginning of flowering is recorded when 10% of the flowers open, full flowering
when 80% of the flowers open, and the end of flowering when 90% of the petals fall off
(Wertheim, 1996). The abundance of flowering was rated on a scale from 0 (no flowers) to 5
(profuse flowering). The dates of the harvest beginning were used as the ripening time. The
trunk cross-sectional area (TCSA) was calculated by measurement of the trunk circumference
at a height of 30 cm above the grafting point and expressed in cm?. Yield efficiency was
calculated between the ratio of the average yield per tree over a three-year period (2017-2019)
and the average TCSA. 25 fruits from each cultivar were used to determine fruit quality.

The experiment was set up as a completely randomized block system and each cultivar was
represented by four replicates with three trees per replicate. Statistical data analysis was
performed using analysis of variance and the LSD multiple range test at P < 0.05 to determine
the significance of differences between means.

Results and Discussion

The average flowering time of the tested cultivars was in the first half of April (Table 1). The
earliest start of flowering was recorded by ‘Burlat’ (April 2), while ‘Carmen’ started
flowering only one day later, and ‘Summit’, ‘Sunburst’, and ‘Germersdorfer’ flowered the
latest. The duration of flowering for the tested cultivars was 12 or 13 days (average 12.5
days). The tested cultivars on the rootstock ‘Oblacinska’ generally had very abundant
flowering (with a score above 4.5). The cultivar ‘Burlat’ received the lowest score for the
abundance of flowering (4.1).

Radicevi¢ et al. (2011) studied the flowering time of 21 cherry cultivars on a wild cherry
seedling rootstock. The average flowering time of the studied cultivars was 11 days. The
cultivars ‘Burlat” and ‘Summit’ received a score of 4 for flowering abundance. The same
cultivars on the rootstock ‘Oblac¢inska’ had higher average scores for flowering abundance
(4.5 and 4.7). The greater flowering intensity could be due to the influence of the rootstock.
The average flowering duration of the tested cultivars on the rootstock ‘Obla¢inska’ was one
and a half days longer than that of the cultivars on the wild cherry (Radicevic¢ et al., 2011).
The flowering duration of cherry cultivars strongly depends on the weather conditions in the
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years of study, so the longer flowering duration cannot be attributed to the influence of the
rootstock.

Table 1. The average time of flowering and fruit maturation of sweet cherry cultivars (2017-

2019).
. Start of End of Duration of | Abundance of
Cultivar ) X : . Harvest date
flowering | flowering flowering flowering
Burlat 2 April 14 April 12 4.1 20 May
Valery Chkalov 2 April 15 April 13 4.5 21 May
Carmen 3 April 16 April 12 4.5 5 June
Summit 5 April 18 April 13 4.7 6 June
Sunburst 5 April 18 April 13 4.7 9 June
Germersdorfer 5 April 17 April 12 4.4 13 June

The earliest average maturity date was recorded for the cultivar ‘Burlat’ (20 May), which is
two days earlier than the data presented by Milatovi¢ et al. (2021), while the cultivar
‘Germersdorfer’ had the latest average maturity date (13 June). Flowering and ripening of
cherry cultivars in the Belgrade area was several days earlier then for the same cultivars under
Cacak conditions of (RadiGevi¢ et al., 2008). These differences are due to the different
climatic characteristics of the locations where the tests were conducted.

The cultivar ‘Valery Chkalov’ had the lowest average yield per tree (4.4 kg) and the cultivar
‘Summit’ had the highest (13.3 kg) (Table 2). The cultivar ‘Summit’ had a statistically
significantly higher yield per tree compared to the other cultivars (except ‘Carmen’), while
the cultivar ‘Carmen’ had a statistically significantly higher yield compared to the cultivars
‘Burlat’ and ‘Valery Chkalov’. The trials were conducted in a plantation with a planting
distance of 4 x 2.5 m with 1,000 trees per hectare, so the value of yield per tree is also the
value in t/ha for the tested varieties.

Table 2. Yield, trunk cross-sectional area (TCSA) and yield efficiency (YE) of sweet cherry

cultivars.

. Yield per tree (kg) Average YE
Cultivar 2017 | 2018 | 2019 | Average | TSCA ((?mz) (kg/em?)
Burlat 5.4 6.7 7.1 6.4c 78.3 ab 0.08
Valery Chkalov 3.8 4.7 4.7 44d 74.0b 0.06
Carmen 9.3 95 11.2 10.0 ab 69.6 b 0.14
Summit 11.0 12.8 16.2 13.3a 95.0a 0.14
Sunburst 95 9.0 10.2 96 b 77.0b 0.12
Germersdorfer 7.4 8.4 10.3 8.7 bc 80.6 ab 0.11

Hrotko et al. (2008) and Long et al. (2019) note that yields greater than 20 t/ha were obtained
at full productivity, under optimal growing conditions in cherry orchards with dense planting
and irrigation on the rootstock ‘Gisela 6°. However, Szabo et al. (2010) indicate that the
optimal yield, which at the same time ensures good fruit quality in modern cherry orchards, is
10-15 t/ha. The results of the average yield of the trees of the cultivars ‘Summit’ (13.3 t/ha)
and ‘Carmen’ (10.5 t/ha) in the plantation without irrigation can be considered very favorable.
Among the cultivars tested, the lowest vigor expressed by the average trunk cross-sectional
area (TSCA) had the cultivar ‘Carmen’ (69.6 cm?), while the cultivar ‘Summit’ (95.0 cm?)
had the highest TSCA. The cultivar ‘Summit’, had statistically significantly higher TSCA
compared to the cultivars ‘Carmen’, ‘Valery Chkalov’, and ‘Sunburst’. The differences in
vigor were the result of the influence of the genotype of the tested cultivars. Milatovi¢ et al.
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(2022) note that the trees of the cultivar ‘Summit’ with similar age on the rootstock ‘Gizela 6’
had a slightly lower TSCA (80.0 cm?) and thus lower vigor. One of the reasons for the
resulting difference could be the slightly higher vigor of the rootstock ‘Oblacinska’ in our
experiment compared to the vigor of ‘Gizela 6.

Yield efficiency is an important indicator combining the vigor and vyield of varieties
(Milatovi¢ et al. 2021). The highest average yield efficiency was recorded for ‘Summit’
(0.17), and the lowest for ‘Valery Chkalov’ (0.07). Milosevi¢ et al. (2014) reported yield
efficiency in 5-year-old ‘Summit’ trees ranging from 0.029 kg/cm? on ‘Mazzard’ to 0.041
kg/cm? on “Colt’. The yield efficiency in our study for ‘Summit’ is higher than the result
reported by Milosevic et al. (2014) and can be explained by the use of more suitable rootstock
and full orchard productivity.

Table 3. Indices of fruit quality of sweet cherry cultivars (average 2017-2019).

Cultivar Fruit weight | Soluble solids Sensory evaluation (scale 1-5)
(9) (%) Appearance | Firmness | Taste | Average

Burlat 7.1d 15.6 ab 3.7 4.3 4.4 4.1
Valery Chkalov 9.0 bc 14.8 ab 4.4 4.2 4.0 4.2
Carmen 11.0a 15.1 ab 4.8 4.0 4.4 4.4
Summit 9.5 bc 144 b 4.4 3.9 4.2 4.2
Sunburst 10.0 ab 14.9 ab 4.3 4.0 4.2 4.2
Germersdorfer 89¢c 16.5 a 4.4 4.7 4.5 4.5

One of the most important fruit quality parameters in sweet cherries is fruit weight.
Worldwide sweet cherry production and fruit size have increased dramatically over the past
two decades (MiloSevi¢ et al., 2014; Long et al., 2015). High productivity has been
accompanied by reduced fruit size and, in some cases, excessive crop load and poor fruit
quality. The main challenge for successful integration of dwarf rootstocks in high-density
cherry orchards is to manage crop load. Growing cherries on low vigorous rootstocks
sometimes leads to over-croping and production of smaller fruits due to low leaf to fruit ratio
(Milatovi¢ et al., 2011).

The cultivar ‘Burlat’ (Table 3) had the lowest average fruit weight (7.1 g), while the cultivar
‘Carmen’ had the highest average fruit weight (11.0 g). The mean fruit weight of ‘Carmen’
was statistically significantly higher compared to the fruit weight of all tested cultivars
(except ‘Summit’). The cultivars ‘Sunburst’ (10 g) and ‘Summit’ (9.5 g) also had a high
average fruit weight value. Milatovi¢ et al. (2021, 2022), when testing cherry cultivars on the
rootstock of ‘Gizela 6°, obtained a slightly better result with the cultivar ‘Burlat’ (7.5 g) and a
slightly worse result with the cultivar ‘Summit’ (9.2 g).

The average soluble solids content varied from 14.4% for the cultivar ‘Summit’ to 16.5% for
the cultivar ‘Germersdorfer’ (Table 3), and these two values are statistically significantly
different. The results obtained for the cultivars ‘Summit’ and ‘Sunburst’ are very similar to
those obtained by Gjamovski et al. (2016) for the same cultivars on the rootstock ‘Gizela 5’.
Vangdal (1980) states that the threshold for acceptable cherry quality from the consumer point
of view is the soluble solids content of 14.2%. It can be concluded that all cultivars tested had
a higher content of soluble solids content than indicated by Vangdal.

For fruit appearance, the cultivar ‘Carmen’ received the highest score (4.8). The highest score
for firmness (4.7) and taste (4.5) was obtained by the fruits of the cultivar ‘Germersdorfer’,
which is consistent with the highest soluble solids content in this cultivar.
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Conclusion

To optimize the balance between vyield, fruit size, and economic value appropriate cultivation
methods must be used to meet the requirements of the rootstock. Variety tests on the clonal
sour cherry rootstock ‘Oblacinska’ gave very good results for some genotipes. A good
balance between good yield and large fruits was achieved for the cultivars ‘Summit’ and
‘Carmen’ and they can be recommended for cultivation on this rootstock. It is necessary to
continue the research and test a larger number of cultivars on the rootstock ‘Oblacinska’ in
dense planting for a longer period of time.
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Abstract

This study examines the effects of climate change on water availability for maize crops in the
Toplica district in Serbia, projecting the impact until the year 2100. Simulations of
precipitation (P), air temperature (T), potential reference evapotranspiration (ETo), potential
maize evapotranspiration (ETc) and water deficit/surplus were analyzed. For the P and T
simulations results from the multi-model ensemble of seven regional climate models from the
EURO-CORDEX project were used. The climate projections were based on the RCP4.5 and
RCP8.5 scenarios. Based on the simulated T, ETo was calculated using the modified
Hargreaves method. Data from three distinct periods were analyzed: the reference period
(1971-2000), the near future (2021-2050), and the far future (2071-2100). A comparison of
simulated values in the near and far future relative to the reference period was made. The
significance of the changes was examined using the Mann-Whitney test (MW). The results
indicate that climate changes will have a negative impact on corn production in the future
from a water supply perspective. In the timeframe spanning April to September, P is expected
to decrease while T, ETo, and ETc are expected to increase. By the end of the twenty-first
century, such conditions would lead to maize being exposed to an increasing water deficit. In
the near and far future, a statistically significant increase in water deficit (MW; p=0.05) at the
maize growing season level is expected under both scenarios compared to the reference
period. In the far future period the water deficit for maize cultivation is expected to increase
by over 40 mm under the RCP4.5 scenario and by 75 mm under the RCP8.5 scenario. The
distribution at the monthly level shows that in all studied periods the highest water deficit
occurs in the month of July, while the largest increase in the deficit is expected in August.

Keywords: climate change, maize, water deficit, Toplica district, Serbia.
Introduction

In recent decades, a trend of increasing air temperature has been registered over the entire
territory of Serbia, while precipitation trends show seasonal and spatial variations
(Milovanovi¢ et al., 2017; Ruml et al., 2017, Djurdjevi¢ et al., 2018). As air temperatures are
anticipated to rise further in the future, the increased risk of drought poses a significant threat
to agricultural production (Olesen et al., 2011). The most vulnerable period would be summer,
when air temperature is expected to increase and precipitation is expected to decrease
(Vukovi¢ et al., 2018). These conditions will affect crop water requirement as well as water
supply. It is expected that the water deficit that plants already face in summer on the territory
of Serbia will be even greater in the future (Stricevic et al., 2014; Gregori¢ et al., 2020). Since
precipitation has seasonal and spatial variations, the prediction of water balance and the
occurrence of potential water deficit will vary from one region of Serbia to another. In the
area of Vojvodina (northern Serbia), water conditions for maize cultivation are predicted to
deteriorate in the second half of the 21st century (Gregori¢ et al., 2020).
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This paper aims to present predictions for both water requirements and water availability in
maize cultivation, which is one of the primary crops grown in the Toplica district, as well as
in the entire region of Serbia. The predictions are derived from simulations of temperature and
precipitation patterns specifically conducted for the Toplica district in Southern Serbia,
spanning until the year 2100. These assessments hold significant importance as they serve as
a foundation for determining the strategy of future agricultural development and the
implementation of adaptation measures to address the repercussions of climate change

Material and method

The study focused on evaluating the impact of climate change on the water supply for maize
crops in the Toplica district (southern Serbia) until the year 2100. Simulation analysis of total
and effective precipitation (P and Pes), air temperature (T), potential reference
evapotranspiration (ETo), potential evapotranspiration of maize (ETc) and water deficit /
surplus (ETc - Per) was performed. Simulations of P and T were performed for the periods
1971-2000 and 2021-2100. For their calculation, the results of a multi-model ensemble of 7
regional climate models with a horizontal resolution of 12.5 km from the project EURO-
CORDEX (http://www.euro-cordex.net/) were used. The climate projections are based on the
RCP4.5 and RCP8.5 scenarios (Representative Concentration Pathway). Daily data on
precipitation and maximum and minimum air temperature (Tmax, Tmin) for the period 1971-
2000 at Prokuplje stations were used for statistical correction of climate model results. Data
from Prokuplje and KurSumlija stations were used to describe climatic characteristics of the area
where agricultural production takes place.

Based on the simulated T, ETo was calculated using the modified Hargreaves method
(Trajkovic, 2007). ETc was calculated by multiplying ETo by the crop coefficient (kc). The
culture coefficients were adjusted for the climatic conditions of the Toplica district using the
method from FAO Irrigation and drainage paper 56 (Allen et al., 1998) and are: kc, = 0.3; kcy,
=1.21 and kcy = 0.36.

Pesr Was assumed to be 80% P (Saadi et al., 2015), which is considered justified under the
climatic conditions of the region of Serbia without irrigation (Stricevic, 2007).
Comparison of simulated values in the near (2021-2050) and far (2071-2100) future was
performed in relation to simulated values of the reference period (1971-2000). The
significance of the changes was examined using the Mann-Whitney test (MW) (p=0.05)
(Mann and Whitney, 1947).

Results and discussion

Research indicates that in the Toplica district, both the near and far future periods are
projected to experience statistically significant warming compared to the reference period.
During the growing season (April-September) in the near future, similar values of the change
of Tmean are expected for both scenarios, while in the period of the far future the increase of
Tmean according to the RCP8.5 scenario is almost twice as large as according to RCP4.5
(Tab.1.).

The simulated sum of effective precipitation (Peff) of the growing season show a decrease in
both future periods and both climate scenarios (Tab. 1.). The summer months are
characterized by a decrease in Peff (Tab. 2.). Based on climate model projections, the future is
expected to witness the most substantial decrease in Peff occurring in August, with one
exception. In KurSumlija, for the near future (scenario RCP4.5), the largest decrease is
predicted to take place in July.
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Table 1. Projected values and changes in mean temperature (Tmean), effective precipitation (Peff), and
potential maize evapotranspiration (ETc) compared to the reference period (1971-2000). Values are for the

period April-September. A statistically significant change is indicated in bold (Mann-Whitney p=0.05).
(apr-sep) RCP4.5 RCP8.5
1971-2000 2021-2050 2071-2100 2021-2050 | 2071-2100

Tmean (°C) 17,1 18,3 19,0 18,5 20,9

A Tmean (°C) 1,2 1,9 1,4 3,8

. Pet (MM) 242 229 230 237 235
Prokuplje A Pegt (Mm) 13 12 5 7
ETc (mm) 542 564 575 565 609

A ETc (mm) 22 33 23 67

Tmean (°C) 16,0 17,2 17,9 17,3 19,7

A Tmean (°C) 1,2 19 1,3 3,7

L Pes (MM) 286 269 277 281 278
KurSumlija A Pygs (mm) 17 9 5 8
ETc (mm) 520 541 551 543 586

A ETc (mm) 21 31 23 66

Table 2. Projected changes in average monthly sum of effective precipitation (APeff) and potential
maize evapotranspiration (AETc¢) in the near and far future compared to the reference period (1971-
2000). A statistically significant change is shown in bold (Mann-Whitney p=0.05).

Prokuplje (mm) Kursumlija (mm)
RCP4.5 RCP8.5 RCP4.5 RCP8.5
2021-2050 | 2071-2100 | 2021-2050 | 2071-2100 2021-2050 2071-2100 | 2021-2050 | 2071-2100
A A A A A A A A A A A A A A A A

Peff | ETc | Peff | ETc | Peff | ETc | Peff | ETc | Peff ETc Peff | ETc | Peff | ETc | Peff | ETc
Apr | 21 | 05 | 32 |12 | 26 | 11 | 38 | 2.8 3.1 0.5 3.8 13 | 1.7 | 11 3.0 3.0
May | 22 | 13 | 19 | 24 | 03 | 15 | 16 | 41 1.0 1.2 2.1 24 | 1.3 | 1.6 1.7 4.3
Jun | -36 | 48 | -43 | 54 | -46 | 49 | -11|119 | -31 4.7 -14 | 53 | -45| 50 | -1.1 | 121
Jul -43 |78 |02 97 | 22 | 71 |-34]|223]|-104 7.1 -6.9 1 91 | 00| 6.7 | -55 |216
Aug | 65| 6.1 | -92 109 | -62| 68 | -86 | 194 | -6.5 5.9 -121 1104 | -65 | 66 | -9.7 | 18.8
Sep |-31| 23 |-32| 34|14 | 23|09 |69 | -08 2.1 4.4 34 | 28 | 2.3 3.5 7.0

In the Toplica district, by the end of the century, according to the RCP8.5 scenario, the maize water
requirement (ETc) is predicted to increase by 67 mm (Prokuplje) and 66 mm (KurSumlija)
compared to the reference period (Tab.1.). The results of the studies conducted for the area of
Vojvodina - Serbia (Gregori¢ et al., 2020), Iran (Ahmad et al., 2021) and the Mediterranean region
(Masia et al., 2021) also indicate an increase in the water demand of maize in the future due to
climate change. According to the RCP8.5 scenario, the largest change in ETc occurs in July of the
distant future and is 22 mm for both areas (Prokuplje and KurSumlija). The growing season of maize
falls in the period April-September, for which a decrease in the average amount of Peff is predicted,
which together with the predicted increase in ETc of maize leads to a water deficit (Table 1 and 2).
The pattern of changes in simulated maize water deficit values under climate change conditions is
similar across the range of the two observed locations. During the growing season, the simulation
results show that maize is exposed to water deficit in the reference period and in the future period.
The changes in water deficit (A) for each period are statistically significant (Table 3).

Table 3. Projected values of maize water deficit and change (A) compared to the reference period
(1971-2000). The values refer to the period April-September. A statistically significant change is
marked in bold (Mann-Whitney p=0.05).

— RCP45 RCP85
Water deficit 1971-2000 36512050 | 2071-2100 | 20212050 [ 2071-2100
— (mm) 300 336 345 328 374
A (mm) 36 15 28 74
— (mm) 234 272 274 262 309
A (mm) 38 40 28 75
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The monthly distribution of water deficit/surplus follows the monthly distribution of Peff.
Water surpluses are expected in April and May, when Peff also increases. In the June-
September period, when Peff is expected to decrease mainly (Table 2), water deficit was
simulated in the reference and future periods for both observed locations. According to the
RCP8.5 scenario, the highest deficit values are expected in the far future in July. They amount
to 156 mm for the Prokuplje area (Fig. 1.(a)) and 139 mm for the KurSumlija area (Fig. 1.(b)).
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Figure 1. Projected water deficit/surplus for maize in the reference and future periods. Positive values
represent a deficit and negative values a water surplus

For the Prokuplje area, the largest absolute monthly increase in deficit in future periods
compared to the reference period is expected in August. By the end of the century, the water
deficit in August will increase by 20 mm (RCP4.5) and 28 mm (RCP8.5) (Fig. 2).
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Figure 2. Projected change in available water (A) of maize compared to the reference period by
month. Positive values represent a decrease and negative values an increase in water. Filled polygons
indicate a statistically significant change according to the Mann-Whitney test (p=0.05).

In the KurSumlija locality in the near future according to the RCP4.5 scenario, the largest
increase in the water deficit compared to the reference period is predicted for July (18 mm). In
the other periods, the increase in deficit is larger in August under both scenarios, with a peak
of 28 mm in the far future period under the RCP8.5 scenario (Fig. 2).
The results of this study show that the water deficit of maize is expected to increase in the
future, reaching about 75 mm by the end of the century under the RCP8.5 scenario (Table 3).
Similar results have been published in studies for Southern and Central Europe (EEA, 2016)
and for Serbia (Tovjanin et al., 2019; Stri¢evi¢ et al., 2021). The highest deficit values during
the maize growing season in the study area are expected in July and August (Fig. 2). From a
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water security perspective, water shortages during the summer months (June-August) are
critical for maize production (Tovjanin et al., 2019; Matovi¢ et al., 2021).

Conclusion

The results suggest that climate changes will negatively affect maize production in the future
from a water supply perspective. During the period of maize growing season (April-
September), P is expected to decrease and T, ETo, and ETc are expected to increase in the
Toplicka district. During the early twenty-first century, these conditions would result in maize
being exposed to an increasing water deficit. In the near and distant future, a statistically
significant increase in water deficit (MW; p=0.05) is expected at the maize growing season
level compared to the reference period under both scenarios. By the end of the century (2071-
2100), the water deficit for maize during the April-September period is expected to increase
by over 40 mm under the RCP4.5 scenario and by 75 mm under the RCP8.5 scenario,
respectively, compared to the deficit values during the reference period. The distribution at
the monthly level shows that in all studied periods the highest water deficits occur in July,
while the largest increase in the deficit compared to the reference period is expected in August
(at the end of the century it is 28 mm for both areas according to RCP8.5).

The results of these studies form the basis for finding solutions to mitigate the impacts caused
by climate change.
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Abstract

More profitable production and better forage quality is achieved by growing grasses and
legumes in mixtures. Growing grasses in a mixture with legumes influences a significant
amount of nitrogen fixed by Rhizobium bacteria and reduce the using of nitrogen mineral
fertilization. Italian ryegrass is an ideal species for growing in a mixture with red clover. The
aim of this study was to determine the nutritive value of Italian ryegrass — red clover mixtures
depending on the seeding rate of these plants in the mixtures, in the fist and the second cut.
Since the trial was not fertilized with N the legum